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Background: Despite the fact that community-based health insurance (CBHI) is a promising program to achieve the goal of universal health coverage (UHC), it faces challenges that are not only due to low enrollment but also due to membership renewal decision that impact its sustainability. Hence, the study aimed to identify the determinants of CBHI membership renewal decision among rural households in Kellem Wollega zone, Ethiopia.

Methods: The study was conducted in Kellem Wollega, Ethiopia, among rural households from March 30–April 30, 2022, using a community-based cross-sectional study design. An interviewer-administered structured questionnaire through face-to-face interviews was used. Using a systematic random sampling method, 551 households were selected making 540 (98%) response rates. The data was entered into EPI Data 3.1 and analyzed using SPSS 25 software. Descriptive statistics, binary, and multiple logistic regressions were performed. Using multiple logistic regressions, a significant association between the CBHI membership renewal decision and independent variables was identified, declaring the statistical significance level using a 95% confidence interval (CI) at p < 0.05.

Results: The overall rate of CBHI membership renewal decision among households was estimated to be 365 (67.6%, 95% CI = 63.7–71.5%). The factors that significantly influenced the households’ membership renewal decision were family size (AOR = 0.46, 95% CI = 0.25–0.86), low literacy status (AOR = 0.28 95% CI = 0.12–0.64), lower than middle-level of wealth index (AOR = 9.80, 95% CI = 2.75–34.92), premium affordability (AOR = 4.34, 95% CI = 2.08–9.04), unavailability of services (AOR = 0.26, 95% CI = 0.12–0.55), trusting in health facilities (AOR = 5.81, 95% CI = 2.82–11.94), favorable providers’ attitude toward members (AOR = 8.23, 95% CI = 3.96–19.64), good quality of service (AOR = 4.47, 95% CI = 2.28–8.85) and health care seeking behavior (AOR =3.25, 95% CI = 1.32–7.98).

Conclusion: The overall CBHI membership dropout decision rate among rural households was high, which could affect health service provision and utilization. Therefore, the insurance scheme and contracted health facilities should consider and work on family size and wealth status when membership premiums are calculated, the education level of households when creating awareness about the scheme, building trust in the contracted health facilities by providing all promised benefit packages of health services with good quality, and improving the attitude of health care providers towards the scheme members.

KEYWORDS
 CBHI scheme, membership renewal decision, rural households, Kellem Wollega, Ethiopia


Introduction

Prompt access to health services that include prevention, treatment, rehabilitation, and promotion is essential with the exception of just a small portion of the population; this is not attainable in many countries without a successful system of health financing that determines if an individual can pay to utilize healthcare when necessary. The World Health Organization (WHO) provides recommendations for how countries could modify their financial systems to accelerate the process of moving to UHC while sustaining the progress that has been made so far (1).

Globally, countries have put UHC at the forefront of their health policies and plans while some of them have attained it, the majorities are still working towards UHC, and progress varies across countries (2, 3). Evidence shows that most low-income-countries (LMICs) have not been able to achieve the goals of UHC because of issues with weak public health care systems, building resilient health systems, financing health care and reducing financial risk, epidemiological and demographic issues, governance, and leadership (4).

How to pay for health services is a basic issue that must be addressed. Searching for a way to raise adequate resources is noticeably vital. Even though the major dependence of financial sources for the health system is on public funding, it is vital to guarantee access to healthcare while, at the same time, protecting families from catastrophic medical bills (5).

Consequently, it has been proven that health insurance enables people to feel more financially protected by reducing households’ out-of-pocket medical expenses, catastrophic medical expenses, overall medical expenses, and poverty. Additionally, it protects household savings, assets, and consumption habits in a favorable manner (6).

A recently developed concept called CBHI promises to provide low-income rural households better access to high-quality healthcare and financial protection against the cost of illnesses. Many developing countries presently provide CBHI to their rural populations, and research on the program’s effects on the well-being of the underprivileged in these areas is still ongoing (7).

A CBHI model can only partially assist countries in moving to UHC when it solely relies on small-scale, voluntary programs and small pools with little to no subsidies for the poor and vulnerable populations. This is despite the fact that CBHI is one method of organizing community initiatives (8).

Countries are working on CBHI, where risks are pooled and shared, to improve access to quality care, overcome catastrophic out-of-pocket expenses, and strengthen healthcare finance. To reach this, households could be convinced, enrolled in the insurance, and also renewed the membership, since a crucial aspect of achieving UHC is expanding a financial hazard pooling system that provides cross-subsidization in the health scheme, which is health insurance (9).

The government of Ethiopia introduced the CBHI scheme in 2011 in 13 districts of the four regions with large populations, namely Oromia, Amhara, SNNP, and Tigray, as a pilot project. After evaluating the feasibility and accomplishments of the program in the pilot districts, the government expanded its implementation to other districts. Currently, about 512 districts have implemented it; the aim is to enable the poor to get quality health services regardless of their economic status (10).

The decision to drop the membership also hinders risk pooling and resource mobilization for effective plan management and creates long-term sustainability issues. Only 2 million, or 0.2%, of Africa’s 900 million potential members are enrolled. In sub-Saharan African (SSA) countries, with the exception of Ghana and Rwanda, the membership ratio is below 10% (9–11). In Guinea-Conakry, the initial enrollment rate of CBHI in 1998 was 8%, but this enrollment rate declined to 6% a year later and the main reasons for non-enrollment and dropout were scheme affordability, poor quality of care, and inability to pay the premium (5). Low enrollment, or the decision to drop out, and the presence of too few people in the scheme are endangering the sustainable progress of this reform in many countries, including SSA (12).

The development of the CBHI program faces a great challenge that is not only due to low enrollment but also due to high membership dropout decision rate, which causes the scheme to be unsustainable by decreasing its coverage directly (13, 14). A study conducted in Ethiopia documented that enrollment a year after initiation increased only from 41 to 48%. On the other hand, 18% of those who joined the program in its first year did not renew their membership the year after (14).

There are different factors that influence the households’ decision to renew their CBHI scheme either positively or negatively that can be categorized into: socio-demographic and economic related factors, quality of health-related factors, CBHI scheme related factors, awareness and understanding of CBHI scheme related factors, and need and benefit related factors (Figure 1) (15).
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FIGURE 1
 A conceptual framework of determinants of CBHI scheme membership renewal decision.


In the Kellem Wollega Zone, the CBHI scheme was first implemented in 2011. During the study period, on average, the amount of the premium per household was 450 Ethiopian Birr (ETB) that was 8.67 US dollars. The coverage of CBHI membership was not improved, even though there have been more participants each year in the zone compared to the national average. Reports from the zonal health department showed that the enrolled members were not renewing their memberships on an annual basis in rural areas of the zone (16). Although initial enrollment is important, scheme sustainability clearly requires the decision of members on membership renewal. Hence, the study aimed to identify the determinants of community-based membership renewal decision among rural households in Kellem Wollega Zone, Oromia Regional State, Ethiopia.



Methods and materials


Study setting and design

The study was conducted in Kellem Wallaga, Oromia regional state, Ethiopia, among insured rural households from March 30, 2022, to April 30, 2022, using a community-based cross-sectional study design. The zone was one of the 20 zones of the Oromia regional state, which was established in 2007, and it had 12 districts, one of which was urban and the others rural. Dembi Dollo is the capital of the zone, which is located about 652 km west of Addis Ababa, the capital of the country.

The zonal health department’s reports of 2019/2020 showed that six districts were implementing the CBHI scheme, and all of these districts have begun offering health services as part of this program. Seyo and Gidami districts began offering services in 2016, while the four remaining districts namely Dalle Sadi, Dale Wabera, Hawa Galan and Lalo Kile began doing so in 2020. They launched the CBHI in different year; 53.5% of the zone’s population were enrolled in the CBHI. The two pilot districts were selected for this study because the remaining four districts have not yet started the CBHI membership renewal process.

The total population of the Gidami was estimated to be 112,190 and from a total of 7,010 households, only 3,225 (46%) were enrolled in the CBHI program. The community had five government health centers and 22 health posts that provide health services for the community. The total population of the Seyo district was 76,207, and from a total of 4,760 households, only 2,428 (51%) were enrolled in the CBHI program. The district had 6 government health centers and 24 health posts that provide health services for the community, according to the 2019/2020 zonal health department report (16).



Population and eligibility criteria

All households who were ever enrolled in the CBHI scheme in rural districts of Kellem Wollega Zone were considered as the source population. All households that were registered to the CBHI scheme and found in selected villages of the zone were considered as the study population, whereas the household head who ever enrolled in the CBHI scheme was considered as the study unit.

All households enrolled in the CBHI scheme in selected kebeles of the Kellem Wollega zone were included in the study, whereas all households who were members of the scheme but came from other areas, whose residence was less than 1 year, and those whose enrollment duration less than 1 year were excluded from the study.



Sample size determination and sampling techniques

Sample size was calculated by using the single population proportion formula, assuming 68.1% of the households made the decision to renew their CBHI membership (17), 95% CI, and a 0.05 margin of error. Since two-stage sampling was used, the 1.5 design effect was considered, [image: image], where, n = calculated sample size, z = 95% CI, d = margin of error at 0.05, and p = proportion of households’ membership renewal decision = 68.1%.

So, n = (1.96)2 × 0.681(1–0.681)/ (0.05)2 = 334, multiplying by 1.5 design effect and adding 10% non-response rate, the final sample size determined was 551.

Since the zone consisted of 12 districts and 256 rural kebeles, and six districts were implementing the CBHI scheme while the other four districts started to implement the scheme in 2020, presumably two districts that started implementing the CBHI scheme before 5 years ago when the study was conducted were selected. Then the required sample size was proportionally allocated to both districts, and by the simple random sampling method, kebeles (villages) were selected from both districts, and 30% of the total kebeles were selected from both districts. Accordingly, 6 kebeles out of 22 kebeles from Gidami district and 7 kebeles out of 24 kebeles from Seyo district were selected (Figure 2).

[image: Figure 2]

FIGURE 2
 Schematic presentation of sampling procedure.


The lists of households having households or spouses with informal work were obtained from the district administration office (village register), and after getting the lists of households from each selected kebele, samples were selected by systematic random sampling to get the data required. Finally, the study participants were selected using systematic random sampling methods from the CBHI insurance scheme registration book list at every kth household in the frame from each kebele until the sample size of that kebele reached the value shown in this formula: k = N/n. Accordingly, N = study households (5653), and n = calculated sample size (551); then k = 5653/551 = 7, every 7th household was selected from each kebele. The lottery method was used to select the first households from 1 to 7 serial numbers.



Study variables

Community-based health insurance scheme membership renewal decision was considered as a dependent variable, whereas socio economic and demographic factors (age, sex, occupation, gender, religion, educational status, marital status, household size, wealth index, presence of under five children in households, and presence of the older adult in households), health and health services related factors (accessibility of health facility, availability of health service, utilization of health service, perceived quality of service, chronic disease, and recent illness episode), CBHI-related factors (benefit package, scheme experience, premium collection convenience time, duration of CBHI enrolment, affordability of premium collection, premium collection convenience time and duration of CBHI) (Figure 1).



Operational definitions


Membership renewal decision

Households who had CBHI scheme for more than 1 year and who were still enrolled in the time of the survey, and households that were enrolled in the 1st year of operation, dropped in the 2nd year of operation, and enrolled again in 3rd year of operation were considered as “1 = Renewed, otherwise 0 = Dropped.”



Understanding CBHI scheme

The participants were interviewed on 10 items (those who fall sick should consider membership in CBHI, only the very poor who cannot afford to pay can need to join the CBHI, under CBHI, you pay money in order for CBHI to finance your future health care, CBHI programs are like saving schemes; you will receive interest and get your money back, if you do not make claims through CBHI, your premium will be returned, all health care costs are covered by the CBHI program; Cronbach’s Alpha (α) = 0.71). The respondents rated each item using a 3-points Likert’s scale (correct, not correct, I do not know), and finally the overall mean score was calculated, with ≥ mean score categorized as 1 = high level of understanding, < mean score classified as 2 = low level of understanding.



Trust in CBHI scheme

The participants were interviewed on five items (community is involved in the management of local CBHI scheme, premium contributed by member used for CBHI purpose only, CBHI scheme is providing reimbursement service, the local CBHI management is trust worth, the CBHI scheme distribute ID card as early as members enrolled/return as early as they send for renewal; α = 0.91) using a 5-points Likert’s scale (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree) and finally the overall mean score was calculated and ≥ mean score categorized as; 1 = Good trust, <mean score classified as, 2 = Poor trust.



Trust in contracted health facilities

The participants were interviewed on 10 items (health facility provides all services expected to be given at its level, HF always has sufficient health professionals, HF has improved referral system, physical facility is visually clean, attractive and comfortable, health facility staff has sufficient competence to treat patients, HF staff is committed in providing services, HF provides service timely, HF is concerned for the need of CBHI members, and HF reliable in handling patient problems; α = 0.93) using a 5-points Likert’s scale (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree), and finally the overall mean score was calculated and ≥ mean score categorized as 1 = good trust, < mean score classified as 2 = poor trust.



Provider’s Attitude towards CBHI member

The participant households were interviewed on 10 items (CBHI has a potential on promoting health care seeking behavior from modern health care institutions, CBHI protects house hold from unaffordable health care expenditure, premium payment for CBHI scheme is expensive, CBHI is a means of collecting revenue(profit)to the government, CBHI scheme members receive low quality of services than non-members, mistreatments of patients by the professional is common for members than non-members, I did not have trust in management and administration of CBHI scheme, CBHI is relevant only to promote health condition of the poor, health insurance is good to pool the risk of health expenditure within sick health, and CBHI should be advocate and scaled up to improve health condition of rural community; α = 0.74) using a 5-points Likert’s scale (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree), and finally the overall mean score was calculated and ≥ mean score categorized as, 1 = favorable < mean score classified as, 2 = unfavorable.



Community-based health insurance scheme experience

The participants were interviewed on 6 items (the local CBHI agent tries hard to solve CBHI implementation problems; CBHI members have the right to guide and supervise the activities of CBHI management activities; the CBHI benefits package meets the requirements of my households; I am satisfied with the experience of the local CBHI office when I go to register; I am satisfied with the local CBHI office when I go to pay regular contributions; and members of CBHI are treated the same as non-members; α =0.91) using a 5-points Likert’s scale (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree), and finally, the overall mean score was calculated and ≥ mean score categorized as, 1 = good experience, < mean score classified as, 2 = poor experience.



Quality of health services at contracted health facilities

The households were interviewed on four items (availability of adequate drugs, availability diagnostic/laboratory services, improvement in waiting time to get services, and improvement in referral system; α = 0.82) using a 5-points Likert’s scale (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree), and finally the overall mean score was calculated and ≥ mean score categorized as 1 = good quality, < mean score classified as, 2 = poor quality.



Affordability of the premium

The participant households were interviewed on four items (time interval of premium payment is convenient for my household, the CBHI registration fee is easily affordable, the CBHI regular contribution is easily affordable, and received promised benefit package during membership; α = 0.801)using a 5-points Likert’s scale (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree), and finally the overall mean score was calculated and ≥ mean score categorized as: 1 = affordable, < mean score classified as: 2 = unaffordable.



Household wealth index

Households’ asset data was collected based on the kinds of assets they owned. Then factor scores were derived using principal component analysis (PCA), and based on the composite scores of the wealth index, the households were categorized in to five equal groups (quintiles) based on their rank wealth status. Accordingly, 1 = Extremely poor: the 1st quintile(0–20% of the range), 2 = Poor: the 2nd quintile (20–40% of the range), 3 = Middle level: the 3rd quintile (40–60% of the range), 4 = Rich: the 4th quintile(60–80% of the range), and 5 = Very rich: the 5th quintile (80–100% of the range).




Data collection tool and procedure

An interviewer-administered structured questionnaire that was adapted from related articles (12–14, 17) to collect relevant information. The questionnaire had five parts: socio-economic and demographic characteristics; CBHI information; individual or household-related factors; CBHI-related factors; and health service use-related factors.

Data was collected by six BSc-trained health professionals using the pre-tested structured questionnaire through face-to-face interviews. Two supervisors who were qualified with a master’s degree in public health were recruited. The data collectors and supervisors were trained for 1 day on the objectives of the study, the data collection tool, approach to the interviews, details of interviewing techniques, respect, and maintaining the privacy and confidentiality of the respondents.



Data processing and analysis

After the data collection from each selected household, the data was entered into EPI data version 3.1 and analyzed using SPSS 25 software. Hosmer-Lemeshow goodness-of-fit was used to check the fitness of a multi-variable logistic regression model that had been eventually fitted, the p-value was found to be 0.712. Descriptive statistics, including frequencies, cross-tabulation, averages, and percentages, were performed. Binary and multiple logistic regressions were used to identify a significant association between the CBHI membership renewal decision and independent variables. Using multiple logistic regressions, a significant association between the CBHI membership renewal decision and independent variables was identified, with the statistical significance level using 95% CI at p < 0.05.



Data quality management

The internal consistency of items for independent variables measured in Likert’s scale was checked by Cronbach’s alpha. The questionnaire was prepared in English and translated from English to Afan Oromo. Before the actual data collection, pre-testing was done by the data collectors on 28 individuals (5% of the sample size) in Dalle Sadi district, Kellem Wollega Zone, and appropriate modifications were made after analyzing the pre-test results. To ensure data quality, the principal investigators provided training all data collectors and supervisors. All collected data were checked for completeness and consistency by the supervisors every day, and onsite close supervision and technical support were given by supervisors and the principal investigators. During the data collection period, when the household head was unavailable, the data collectors asked the house member who could respond to the interview or when he/she would be available and returned to home in the next day for interview.



Ethical considerations

Ethical clearance (Ref: WU/RD/526/2014) was obtained from the Research Ethics Review Committee (RERC) at Wollega University. A formal letter that explained the objectives, significance, and expected outcomes of the study was written to Kellem Wollega zonal health department from the Wollega University, Institute of Health Sciences and requested cooperation. Based on a supportive letter from Wollega University, Kellem Wollega zonal health department issued a support letter to the districts Health Office.

All study participants were well informed about the purpose of the study, and informed written consent was secured from the study participants prior to the interview. The study participants’ confidentiality was maintained, and no personal identifiers were used in the data collection tools; instead, codes were used in their place. All paper-based and computer-based data were kept in protected and safe locations. The recorded data were not accessed by a third party except the research team, and data sharing will be enacted based on the ethical and legal rules of data sharing.




Results


Socio-demographic and economic characteristics of the households

A total of 540 participants responded to the interview, making the response rate 98%. The mean age of the respondents was 45.14 ± 10.84 years. Majority of the respondents, 494 (91.5%), were males, and 506 (93.7%) of the respondents were married. One third, 174 (32.2%) of the participants were unable to read and write. More than three-fourths, 472 (87.5%) of the study participants were farmers. About 250 (46.3%) of the households had fewer than five members in their household. The wealth status of the households was ranked. As a result, 108 (20%), 107 (19.8%), 109 (20.2%), 111 (20.6%), and 105 (19.4%) were extremely poor, poor, middle level, rich, and very rich, respectively (Table 1).



TABLE 1 Socio-demographic and economic characteristics of the households in Kellem Wollega Zone, Oromia regional state, Ethiopia 2022.
[image: Table1]



Sources of information about CBHI scheme

The participants were interviewed about the source of information they heard about CBHI for the first time before they became members. Accordingly, about 344 (63.7%) of them heard about the scheme from officials in public meetings, followed by health professionals in health facilities, which accounted for 164 (30.4%), during CBHI house-to-house awareness creation campaigns, 22 (4.1%), mass media (7.3%), and from neighbors or friends (0.6%).



Health status and health care seeking behavior

The study assessed the health status and health care seeking behavior in the last 12 months among households (Table 2). As a result, three-fourths of the participants’ members, 383 (75.2%), were free from chronic diseases. The participants also rated their family members’ health status. Accordingly, the majority of them 402(74.4%) rated it as good, whereas only 138 (25.6%) rated it poor. About 428 (79.3%) household members have been ill during the last 12 months and 405 (75%) of them have sought medical treatment from the contracted health facilities. Out of 405 household members, half of them, 203(50.1%) visited a contracted health facilities only once, whereas only 19(4.7%) visited the facility more than four times in the last 12 months.



TABLE 2 Health status and health care seeking behavior among households in Kellem Wollega Zone, Oromia regional state, Ethiopia 2022.
[image: Table2]



Community-based health insurance membership renewal decision

The decision made by households to renew their CBHI membership has also been evaluated by the study. As a result, the majority of households 365 (67.6%, 95% CI = 63.7–71.5%) decided to renew their membership and did so on an annual basis as per to CBHI scheme membership renewal schedule (Figure 3).

[image: Figure 3]

FIGURE 3
 CBHI membership renewal decision among rural households in Kellem Wollega, Oromia regional state, Ethiopia, 2022.


Among the study participants, 450 households (83.3%) were payers, and 90 (16.7%) of them were the poorest, exempted from the scheme’s contributions. Almost all of them, 479 (88.7%), had CBHI identification cards. Of those who decided to renew their membership, only 19 (5%) had done so consistently over the past 5 years. Among the 175 households that decided to drop their membership, 153 (87.4%) and 22 (12.6%) of them had stayed in the scheme for one to 3 years and 4 years, respectively. About 24 (4.4%) and 125 (23.1%) of those who renewed and dropped their membership, respectively, had decided not to renew their membership in the next coming year (Table 3).



TABLE 3 Community-based health insurance scheme status among rural households in Kellem Wollega, Oromia regional state, Ethiopia, 2022.
[image: Table3]

From a total of 175 (32.4%) who decided for the first time to drop their membership, more than one-third of them, 69(39.5%) made their decision after 2 years of membership, followed by 57 (32.6%), 27 (15.4%) after 1 year, 19 (10.9%) after 4 years, and 3 (1.7%) after 5 years. These households reasoned out their best single reason why they decided to drop their membership, such as the quality of health services being low 84(48%), followed by a lack of awareness about the details of how the CBHI works, 32(18.3%) (Figure 4).

[image: Figure 4]

FIGURE 4
 The single best reason for the decision made to drop out of the CBHI scheme membership among households in Kellem Wollega zone, Oromia region, Western Ethiopia, in 2022.


More than half of the households 298(55.2%) well understood about CBHI, and the majority of them 222(74.5%) renewed their membership, whereas 242 (or 44.8%) did not understand the scheme well. Among them, 143(59.1%) decided to renew their membership. Among the 316 households (58.5%) who had a favorable attitude toward the CBHI scheme, 231 (73.1%) decided to renew their membership, while 224 (41.5%) had an unfavorable attitude toward the scheme, among whom 134 (59.82%) renewed their membership.

The majority, 344 (63.7%) of the households, did not trust in the CBHI scheme, and 150 (43.6%) of them did not renew their membership, but only 25 (7.9%) of the households that trusted in the CBHI scheme decided to drop their membership and dropped it. More than half, 297 (55%), of the households trusted in the contracted health facilities, and only 33 (11.1%) decided to drop their membership, whereas among those who had no trust in the facilities, 243 (49.5%), with the majority of them, 142 (58.4%), decided to drop their membership. More than half the households, 311 (57.6%) could not afford the premium, and 144 (46.3%) of them dropped their membership, whereas only 31 (13.5%) of the households for whom the premium was affordable decided to drop their membership.

About 251 (46.5%) of the households were members for more than 4 years, among whom only 63 (25.1%) decided to drop their membership, whereas 289 (53.5%) were members for 3 years, among whom 112 (30.8%) dropped their membership. More than half of the households, 304(56%) rated the quality of health services provided by contracted health facilities as good, and the majority of them 226 (74.3%) renewed their membership. The three-fourth of households, 324(60%) had the experience of leaving the contracted health facilities without getting treatments; among them, 138 (42.6%) decided to drop their membership (Table 4).



TABLE 4 Factors influencing CBHI membership renewal decision among households in Kellem Wollega zone, Oromia regional state, Ethiopia, 2022.
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Determinants of CBHI membership renewal decision

In this study, the factors affecting the decision-making process for membership renewal were identified (Table 5). Accordingly, households with fewer than five members were 54% less likely to renew their membership (AOR = 0.46, 95% CI = 0.25–0.86). The education level of households also had a significant influence on decision-making on renewal of membership; as a result, the households whose education level was only being able to read and write were 72% less likely to renew their membership compared to those who attended secondary school or above (AOR = 0.28, 95% CI = 0.12–0.64). On the other hand, households with a lower than middle level of wealth index had a higher likelihood than wealthy households of deciding to renew their membership. As a result, the extremely poor (AOR = 1.71, 95% CI =2.37–12.35), poor (AOR = 5.44, 95% CI = 1.9–32.53), and middle-level (AOR = 9.80, 95% CI = 2.75–34.92) households were more likely to renew their membership compared to the very rich households.



TABLE 5 Determinants of CBHI membership renewal decision among households in Kellem Wollega zone, Oromia regional state, Ethiopia, 2022.
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Those households who perceived the annual premium as affordable compared with the expected and promised benefits from the CBHI scheme were four times more likely to decide to renew their membership compared to those who perceived the premium as unaffordable (AOR = 4.34, 95% CI = 2.08–9.04). The households that experienced leaving the contracted health facilities without getting treatments because of the unavailability of diagnosis services and drugs in the facilities in the last 12 months were 74% less likely to renew their membership compared to their counterparts (AOR = 0.26, 95% CI = 0.12–0.55).

The trust among households in contracted health facilities was another significant factor. As a result, those households that trusted in the health facilities were almost six times more likely to renew their membership compared to those that had no trust in the facilities (AOR = 5.81, 95% =2.82–11.94). The households were asked their perceptions of the attitude of health care providers toward the scheme members during health care seeking and health service provision. Accordingly, those households that perceived the health care providers as having a favorable attitude toward the scheme members were eight times more likely to renew their membership, compared to their counterparts (AOR = 8.23, 95% CI = 3.96–19.64).

In addition, those households that perceived the quality of health services provided by the contracted health facilities as good were almost five times more likely to renew their membership compared to those who perceived the quality of health care was poor (AOR = 4.47, 95% CI = 2.28–8.85). Those households whose family members sought health care from the contracted health facilities in the past 12 months were three times more likely to decide to renew their membership compared to those households that did not (AOR = 3.25, 95% CI = 1.32–7.98).




Discussion

Countries all around the world are aiming to increase the number of people who may join the CBHI program and to keep these people enrolled in it. Yet, the majority of LMICs still have considerable difficulties in retaining membership (18). The Ethiopian CBHI scheme is also facing similar problems, like households’ decision to drop their membership. Hence, the study aimed to identify determinants of CBHI scheme membership renewal decision among rural households.

As a result, two-third of the scheme members renewed their membership and decided to continue being members. The results were consistent with those of studies conducted in Ethiopia; Jimma Zone (68.1%) (17) and Dera District (62.8%) (19). However, it was greater than study results from Burkina Faso (45.7%) (20), and lower than the CBHI membership renewal rate in the Gedeo Zone, Southern Ethiopia, which was 82.68% (21), in Ethiopia, 82% of those households who enrolled in the first year renewed their subscriptions during the pilot CBHI scheme and Vietnam (78.9%) (22). This findings discrepancy could have happened due to the study population’s socio-demographic and economic characteristics varying during the study period. In addition, the benefit packages provided by the contracted health institutions may vary from country to country in type, volume, and quality of the health services, membership premium load, and health seeking behaviors among the population. These points have been addressed by the current study.

The households with fewer than five family members were less likely to decide to renew their membership than their counterparts; households with fewer than five members were 54% less likely to do so. Similarly, findings from systematic review studies in LMICs (23), the West Gojjam Zone, Ethiopia (24), and Jimma, Ethiopia (17) showed that households with fewer family members had lower probabilities of renewing their CBHI memberships. This might be explained by the fact that getting health care by directly paying from OOP could be more difficult for large households. Hence, they could prefer to be members of the CBHI scheme for longer by renewing their membership.

The study also showed that the level of education significantly influenced the membership renewal decision-making among households, and the households whose education level was only able to read and write were 72% less likely to renew their membership compared with those who attended secondary school and above. This result was consistent with research from Jimma, Ethiopia (17), Sudan, and Bangladesh (25, 26), which found that insurance members with elementary or secondary education or above were more likely to decide to renew their membership than those without a formal education. Similar to this, in India, the study found that household head education affects membership renewal and that secondary education is linked to a 15%-point rise in renewal (27). Another systematic review study in LMICs found that households with higher levels of education were more likely to renew their participation in the plan than their less educated counterparts (15). One of the potential explanations might be that more educated individuals make timely renewal decision and have a better understanding of the benefit packages and operating principles of the CBHI program.

Households whose wealth status was ranked poor or middle-level were almost ten times more likely to decide to renew their membership. It was supported by the study report in Gurage Zone, Ethiopia, which revealed that those households with the highest wealth status were about two times more likely to drop their membership (28). This could be due to the fact that relatively rich households might purchase more goods and services, including health services that are included in the CBHI service package, and might seek medical care as soon as possible from private health care facilities. In contrast to this, the reports from the study conducted in Ghana (12) and Uganda (29) showed that rich households were more likely to decide to renew membership. This disparity could be due to different levels of understanding of the benefits of the CBHI scheme among members, regardless of their wealth status.

Those households who perceived the annual premium as affordable compared with the expected and promised benefits from the CBHI scheme were four times more likely to decide to renew their membership compared to those who perceived the premium as unaffordable. This finding was supported by evidence from the study conducted in Ethiopia (21), which indicated the odds of CBHI scheme membership renewal were about twelve times higher among households for whom the annual premium was affordable compared to their counterparts. The finding was consistent with the study evidence in Rwanda (30) and Ghana (22). This could be explained by the fact that if the scheme contribution was affordable to the members, households with low income or poor wealth status would be able to pay and would be more likely to retain their CBHI scheme membership.

The households that experienced leaving the contracted health facilities without treatment because of the unavailability of diagnosis services and drugs in the facility in the last 12 months were 74% less likely to renew their membership compared to their counterparts. Similarly, the study report in Ethiopia showed that the scheme members who did not get the prescribed care in contracted health facilities were less likely to renew their membership (28), and the study in Bangladesh revealed that the frequent exposure of household members to the contracted health facilities had an association with membership renewal (31). Similarly, the evidence from a meta-analysis in LMICs revealed that when the promised benefit packages are not fulfilled, the members are more likely to drop their membership (23).

The trust among households in contracted health facilities was another significant factor. As a result, those households that trusted in the contracted health facilities were almost six times more likely to renew their membership compared to those that had no trust in the facilities. It was in line with the study findings from Ethiopia (17, 32–34) and Cambodia (35), which revealed that when households trusted in contracted health facilities, they were more likely to renew their membership.

The households were asked their perceptions of the attitudes of health care providers toward the scheme members. Accordingly, those households that perceived the health care provider as having a favorable attitude toward the scheme members were eight times more likely to renew their membership. Similarly, the evidence from the study conducted in Ethiopia (17) showed that when the health care providers’ attitude toward the scheme members is unfavorable, the odds of a decision to drop their membership could be significantly higher compared to those with favorable attitudes. A study in Ghana also revealed that 30% of the members decided to leave the scheme because of unfavorable providers’ attitudes toward the scheme members (36). This could happen when the demanded health care is provided in a discriminatory manner between the service fee payers and the scheme members when they visit the contracted health facilities.

Those households that perceived the quality of health services provided by the contracted health facilities as good were almost five times more likely to renew their membership compared to their counterparts. This was in line with the study report in Ethiopia, which revealed households who perceived poor health care quality were 12 times more likely to decide to drop their membership (28).

Those households whose family members sought health care from the contracted health facilities in the past 12 months were three times more likely to decide to renew their membership compared to those households that did not. Similarly, the study conducted in Ethiopia showed that the households that had a history of illness and sought medical care were more likely to be enrolled in the CBHI scheme and decide to renew their membership (37), whereas the households that did not experience illness were less likely to renew their membership (28). This could be the case when household members experienced illness during their membership; they might seek and utilize health care from the contracted health facilities compared to those who did not experience illness and may decide to renew their scheme membership.


Implications of the study

The current study indicated that the membership dropout decision was substantial, which might significantly affect the population coverage rate of CBHI and challenge its sustainability. In addition, the study findings implied that households with a larger family size, lower than middle-level wealth status, and above the primary level education of the household heads, the affordability of the scheme premium to renew membership, the availability of the promised benefit packages of health services with good quality in contracted health care facilities, trusting in the contracted health care facilities, good attitude of health care provides towards the scheme members, and health care-seeking behavior when the households’ members experience health problems were the significant responsible factors that positively influenced the membership renewal decision among rural households to continue their CBHI scheme membership. As a result, the study findings also assist health planners and decision-makers in developing an appropriate plan and strategy to sustain the CBHI scheme in order to achieve UHC, with a focus on how to maintain membership after enrollment taking into account the identified determinant factors.



Limitations of the study

Despite the fact that the study well addressed the determinants of CBHI scheme membership renewal decision among rural households, it could have a recall and social desirability bias because the respondents were interviewed about the events that occurred in the past 12 months. Furthermore, the current study did not address the potential adverse selection bias that might impact the decision to renew scheme membership.




Conclusion

The overall CBHI membership dropout decision rate among rural households was high, compared to other study findings that could affect the health service provision and utilization. Therefore, the insurance scheme and contracted health facilities should consider and work on family size and wealth status when membership premiums are calculated, the education level of households when creating awareness about the scheme, building trust in the contracted health facilities by providing all promised benefit packages of health services with good quality, and improving the attitude of health care providers towards the scheme members.
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Given constrained healthcare budgets and many competing demands, public health decision-making requires comparing the expected cost and health outcomes of alternative strategies and associated adoption and financing actions. Opportunity cost (comparing outcomes from the best alternative use of budgets or actions in decision making) and more recently net benefit criteria (relative valuing of effects at a threshold value less costs) have been key concepts and metrics applied toward making such decisions. In an ideal world, opportunity cost and net benefit criteria should be mutually supportive and consistent. However, that requires a threshold value to align net benefit with opportunity cost assessment. This perspective piece shows that using the health shadow price as the ICER threshold aligns net benefit and opportunity cost criteria for joint adoption and financing actions that arise when reimbursing any new strategy or technology under a constrained budget. For an investment strategy with ICER at the health shadow price Bc = 1/(1/n + 1/d-1/m), net benefit of reimbursing (adopting and financing) that strategy given an incremental cost-effectiveness ration (ICER) of actual displacement, d, in financing, is shown to be equivalent to that of the best alternative actions, the most cost-effective expansion of existing programs (ICER = n) funded by the contraction of the least cost-effective programs (ICER = m). Net benefit is correspondingly positive or negative if it is below or above this threshold. Implications are discussed for creating pathways to optimal public health decision-making with appropriate incentives for efficient displacement as well as for adoption actions and related research.

Keywords
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1 Introduction

Optimizing health outcomes from a constrained public health system budget requires decisions about which programs and strategies to support through reimbursement when investing in or allocating budgets and resources. Opportunity cost and net benefit criteria have been key concepts and metrics applied to inform budget-constrained optimal health system decision-making. This review paper introduces opportunity cost (section 2) and net benefit criteria (section 3) and shows how they are aligned using the health shadow price (section 4) as a threshold value for net benefit (section 5). This finding and its implications are discussed in section 6 in relation to creating pathways for optimal resource allocation and investment decisions with joint adoption and financing actions, but also to incentivize research in identifying the best expansion and contraction of programs with constrained budgets.



2 Opportunity cost

Health systems with constrained budgets or resources and unconstrained population health need to make allocative decisions across alternative strategies. Given constrained resources and funding, the opportunity cost of any resource use or reimbursement/investment decision and associated action/s (adoption and financing with reimbursement), is the forgone value of outcomes from the best alternative use or choice and associated set of actions (1–5).

As a result, all constrained healthcare system funding or resource allocation processes face opportunity costs with each reimbursement or investment decision. That is, the value of the best alternative investment or reimbursement choice with adoption and necessary associated financing actions under a constrained budget.



3 Net benefit criteria

The net benefit is a metric that combines the joint consideration of effects and costs (resource use and their prices) to compare the relative value less cost of strategies, decisions, or action/s (6–9). For the simplest case of two strategy comparisons, the incremental net benefit (INB) of a strategy relative to a comparator is:

[image: image]

Where [image: image] is the threshold value for effects and ΔE and ΔC are incremental effects and costs. Positive INB implies invest, while 0 or negative INB implies don’t invest. Net benefit metrics have a series of advantages over incremental cost-effectiveness ratios (ICERs) (9–17). These include being well ordered when the effect is 0 or changes sign around 0, having an opposite sign consistent with the implications when a strategy is dominated or dominates, and reflecting the degree of any such dominance (9). In addition, additive separability of net benefit (although not ICERs) (10) implies that multiple strategies or multiple domains can be consistently compared relative to any comparator based on maximizing net benefit (NB = λE−C) or equivalently minimizing net loss (NL = λDU + C) under the net benefit correspondence theorem (11–17). DU in the net loss metric simply represents any effect/s (E) in net benefit framed from a disutility perspective (e.g., mortality vs. survival, morbidity vs. no morbidity, QALYs lost vs. QALYs gained, etc.).



4 The health shadow price

Given a fixed or constrained budget, the health shadow price represents the critical or threshold value at which the health outcome from any reimbursement decision (adoption and financing action) equates with the best alternative adoption and financing actions (4, 5). The best alternative adoption and financing actions are to implement the most cost-effective expansion of existing programs (ICER = n, e.g., $5,000/QALY) funded by reducing the least cost-effective programs (ICER = m, e.g., $ 1 million/QALY).

Thus, with a constrained budget, for any given investment I with actual displacement (ICER = d, e.g., $20,000/QALY) the health shadow price ([image: image]) for any given strategy is found by setting the net health return from reimbursing (adopting and financing) that strategy for any given investment amount [image: image], [image: image], as equal to that from the best alternative joint adoption and financing actions [image: image]

Consequently, solving

[image: image]

results in:

[image: image]

or

[image: image]

The subscript c denotes that the health shadow price (Equation 2), like opportunity cost, corresponds to the economic context of the best alternative actions within a constrained budget (4, 5, 18, 19). Explicitly the context for making budget constrained reimbursement (joint adoption and financing) decisions. That is the context of actual displacement (ICER= d), and best alternative expansion (ICER= n) and contraction (ICER= m) actions.

For example, if n = $5,000/QALY, d = $20,000/QALY, and m = $1,000,000/QALY, then

[image: image]



5 Incremental net benefit consistent with opportunity cost

If we conduct an incremental net benefit assessment of an investment or reimbursement amount [image: image] relative to the best alternative investment or reimbursement of [image: image] (adoption and financing actions) using the health shadow price as a threshold value then from Equation 1 and Equation 2 we have:

[image: image]

Now for cases of interest where ΔE and ΔC are both positive, i.e., in the NE quadrant, then INB using the health shadow price as a threshold value is only positive where [image: image]ΔE−ΔC > 0 and hence ΔC/ΔE< [image: image]or negative where [image: image]ΔE−ΔC < 0 and hence ΔC/ΔE> [image: image] QED.

Hence, using the health shadow price, [image: image]as the threshold value for effects aligns INB with the same decisions as comparing the investment ICER with the health shadow price—which is derived from and represents the opportunity cost of budget-constrained investments.



6 Discussion: implications for optimal research, resource allocation, and investment

In sections 2–5 we have shown that using the health shadow price as the critical threshold value for incremental net benefit appropriately results in equivalent net benefit between:

i. Any new budget constrained investment (I) in a strategy with ICER equal to the health shadow price funded by displacement (ICER = d) and;

ii. The best alternative health system adoption and financing actions for the same budget constrained investment I.

Furthermore, if the strategy has a lower or higher ICER than this, then its INB is appropriately correspondingly positive or negative.

Importantly this means that for any investment with a constrained budget using the health shadow price as the net benefit threshold value enables net benefit to represent the same rule as opportunity cost.

If the budget was not constrained then investment would only have an adoption action, for which the best alternative action is the most cost-effective expansion of existing programs (ICER = n), which would be the appropriate threshold value. Indeed, this is also the appropriate threshold value for the health shadow price if displacement is efficient (d = m), which is then given by:

[image: image]

In response to experiences in the United Kingdom during the 1990 and 2000s where many services were displaced by the mandated use of medications such as Herceptin (20) different ICER thresholds for displaced services were proposed as a threshold value for INB assessment (21–27). Four different displaced service thresholds were proposed:

i. The least cost-effective current program, assuming that this is the program that is actually displaced to finance the additional costs of the new technology (22).

ii. The least cost-effective program, regardless of whether or not it is displaced (23).

iii. The ICER of the services actually displaced to finance that technology regardless of the ICER of that displaced service relative to other services (24–26).

iv. The average ICER of historically displaced NHS services (21, 27).

Strictly speaking, these four definitions would only coincide if displacement had been and remained currently efficient (d = m). Nevertheless, the health shadow price makes clear the proposed use of d or any displaced service as a threshold in all its guises (18, 19):

i. Conflates adoption and financing actions—equates the threshold value in expansion with that in contraction (25).

ii. Arises only at a singular point where there is perfect allocative efficiency, but does not provide a pathway to get there.

iii. Most importantly, it denies the true opportunity cost of reimbursing (adopting and funding) new technologies—the most cost-effective expansion of existing health system interventions funded by displacement of the least cost-effective interventions.

Sendi et al. (21) advocated the average ICER of displaced services as a second-best alternative threshold value to the shadow price of the budget constraint reflecting the shadow price per unit of effectiveness in the absence of a market. They emphasized that this, like the shadow price, is a function of program size (5, p.82). Later, theoretical arguments or assertions were made for displaced service-related ICERs representing the shadow price of the budget constraint (22–27), explicitly stated in Griffin et al. (25, p.24) as the ICER of actual displaced services, d, with a two-part argument:

i. “Identifying marginal programs that would be displaced and quantifying their cost and health outcomes determines the shadow price of the budget constraint” [SIC].

ii. “The incremental cost per QALY gained of new treatments are commonly compared to some stated threshold λ, which should in principle represent the inverse of the shadow price of the budget constraint” [SIC].

These two parts were combined to argue that any new treatment should be reimbursed if the incremental health offered by the new treatment option exceeds the health foregone with the displacement of marginal programs (25, p.24).

However, in the context of market failure and allocative inefficiency characteristic of the health care system, displaced service definitions in general, and this two-part argument in particular, conflate shadow price in expansion (maximum unit of effect gained as a result of relaxing a constraint by one unit at the margin) (28), with notions of shadow price in contraction (minimum loss when one unit of a continuous resource is withdrawn) (29). Combined, the two parts misrepresent opportunity cost as the actual loss of displacement when the budget is reduced, rather than the highest value alternative (18). Displaced services do not represent opportunity cost, the highest value alternative. If Griffin et al. (25) had appropriately added “in expansion” in part (ii) to represent opportunity cost, it would be clear that this is different from any notion of the shadow price of the budget constraint “in contraction” in part (ii). The only situation in which shadow prices in expansion and contraction can coincide is at the single point of complete allocative efficiency (n = m) and indeed of displacement efficiency (d = m) and hence n = m = d=[image: image].

Empirically, no health system internationally can claim to beat the point of allocative efficiency. Consider the case of the United Kingdom which was ranked in 2014 by the Commonwealth Fund (30) as having the most efficient health system of high income OECD countries. Despite this international standing, the 2013 evidence from Claxton et al. (27) of the ICER for best expansion (n = 2,000 pounds per QALY), contraction (m = 2.73 million pounds per QALY) and displacement (d = 12,713 pounds per QALY) indicated substantial allocative and displacement inefficiency in practice with n < d < <m (19, 31). This resulted in a health shadow price [following Equation (2)] with 2013 United Kingdom evidence (27) of:

[image: image]

Pekarsky (5, p.69-83) shows that in the context of such economic inefficiency and market failure for an input, deriving the health shadow price from existing information about the economic context than from cost benefit analysis following McKean (32) and Mishah and Quah (3). That is, the health shadow price (4, 5) as derived in section 4 above, takes into account observed allocative (n < m) and displacement (d < m) inefficiencies, rather than any notion of the shadow price of the budget constraint that assumes perfect economic efficiency.

An underlying inappropriate assumption for health care of complete allocative efficiency in the context of market failure can be traced back to the suggested use of shadow price of the budget constraint as a critical ratio for the threshold value by Weinstein and Zeckerhaus (33). They implicitly assumed complete allocative efficiency (and discrete programs) by suggesting a critical ratio of the cost per effect of the last service financed if all services are ranked and allocated up to the budget—the average shadow price.

As Pekarsky (5, p. 83) surmises: “…health economic focus on the shadow price of the budget constraint…can lead to the following catch 22: we cannot find this shadow price until economic efficiency is achieved, and we cannot achieve economic efficiency until this price is found” [SIC]. Importantly, the health shadow price (4, 5) creates the appropriate incentives for evidence on the best expansion and contraction of current programs to enable it (18, 19). This meets the imperative to “find a shadow price for health effects that will improve economic efficiency rather than being conditional on economic efficiency” [SIC] (5, p. 83). The only point where the health shadow price (4, 5) coincides with the ICER for actual displaced services, d, is at the point of complete allocative (and displacement) efficiency; and because n=m=d=B
c
 only at that singular point. However, using d as a threshold value does not provide a pathway to get there, whereas the health shadow price does (18, 19). That is, the coincidence of the shadow price in expansion and contraction at the single point of allocative efficiency does not provide a pathway to get there from any point of allocative inefficiency. Certainly not when using a displaced service ICER threshold such as d, which is only equal to the health shadow price at the single point of complete allocative efficiency. Moreover, considered dynamically over time with allocative inefficiency (n < m) if displacement were efficient (d = m) then new technologies or strategies priced up to a threshold value of d would be next in line to be displaced and would face additional reversal costs not accounted for in ICER calculations as the new technology cycles through. Hence, as highlighted in Eckermann and Pekarsky (18) use of d as a threshold with appropriate consideration of reversal costs can easily lead to health outcomes from constrained budgets declining over time, particularly if displacement is efficient.

Now, let us consider if comparison of the reimbursement of an investment were not with the best alternative action/s to reflect opportunity costs, but rather with the second best objective of improving the (short term) net benefit from combined adoption and displacement decisions. Then, with a fixed budget the ICER from adopting new programs could be considered relative to that of actual displaced services (21). However, to the extent that displacement is efficient (d approaches m rather than n) this creates a straw man for comparing adoption (even without a budget constraint), let alone if joint adoption and financing actions are appropriately considered together with the health shadow price (18).

The alignment of net benefit with opportunity cost for budget-constrained investment or reimbursement (adoption and financing actions) that arises with the use of the health shadow price ([image: image]) as the ICER threshold value does not occur with d (the ICER of displaced services). That is clear noting that generally B
c
 ≤ n ≤ d ≤ m. They only coincide at the single point of complete allocative and displacement efficiency, which no health system internationally satisfies, with n = m = d=[image: image] at this point alone.

This implies that using a threshold value of d for net benefit assessment biases against better use of existing programs or technologies and in favor of pricing new technologies above opportunity cost, given the best alternative reimbursement actions (adoption and financing) that the health shadow price represents.

More generally, in the absence of appropriate incentives created by the health shadow price research decisions are also biased toward evidence for new technologies. On the other hand, there are disincentives for evidence or indeed lack of evidence for unpatented or unpatentable strategies (4, 5, 18, 19). In particular, this would bias against public health strategies such as those for health promotion across the life course (34). Those strategies include community programs that support integrated movement from early childhood to youth, adulthood and older adulthood (35–39); successful ageing (40–44) or rehabilitation and palliative care services (16, 19, 45). The same types of services that were displaced to accommodate mandated Herceptin use in the United Kingdom highlighted in the 2000s (20).

It could be argued that pharmaceutical and device manufacturing companies are only responsible for adoption and should not be penalized for inefficient displacement (d < m). However, the reality of a constrained budget is that adoption and financing actions (and associated research) for any reimbursement (investment) decision naturally need to occur together. More generally optimal cycles of joint research, reimbursement and regulatory decision making are required to optimize budget-constrained health system outcomes in any jurisdiction and globally (16, 46). Where research funding is biased in favor of new technologies and against unpatentable technologies or programs (e.g., community programs without vested interests), a pathway to optimization requires public policy incentives for research evidence and better use of existing programs and technologies in adoption and displacement (4, 5, 18, 19). Ideally, processes supporting optimal cycles of research, reimbursement and regulatory decision making (16) that systematically reflect and create an imperative for that pathway.

Consequently use the health shadow price as a threshold value for net benefit assessment is key to creating appropriate incentives for research evidence to support displacement or contraction and for appropriate adoption or expansion actions (4, 5, 18, 19). The use of the health shadow price makes it clear that there are joint adoption and financing actions and associated research requirements for any reimbursement/investment decision with constrained budgets.



7 Conclusion

This paper has shown that incremental net benefit aligns with opportunity cost when the health shadow price (section 4) is used as the threshold value. At this threshold value, section 5 showed that the incremental net benefit criteria (section 3) of an investment are positive (negative) only if the health outcomes from that investment are greater (less) than the best alternative adoption and financing actions (opportunity cost section 2). Hence, using the health shadow price as the threshold value for the incremental net benefit assessment in any jurisdiction makes the same reimbursement decision as opportunity cost (section 5). As the discussion in section 6 highlighted, these findings also allow for optimization in resource allocation and investment decisions and appropriate incentives for research in addition to optimal adoption and financing actions.
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Introduction: Many researchers have focused their studies on hypertension due to its over-representation among COVID-19 patients. Both retrospective and observational studies conducted close to the Wuhan area have reported that hypertension is the most common comorbidity observed in patients affected by COVID-19.

Objective: Our objective is that patients with arterial hypertension have a worse prognosis in terms of evolution leading to higher costs.

Methods: A retrospective cross-sectional study was conducted. A total of 3,581 patients from La Paz University Hospital (LPUH) during the period between 15 July 2020 and 31 July 2020 were included in this study.

Results: It should be noted that 40.71% of the patients were hypertensive. As expected, hypertension was associated with men, among whom we observed a higher prevalence and a higher age (median age of 77 years (IQI: 65–85) versus 52 years (IQI: 37–64), p-value < 0.001). Hypertensive patients had a higher prevalence of dyspnea (52.14% vs. 47.15%, p-value = 0.004) and altered awareness (14.89% vs. 4.30%, p-value <0.001). The non-parametric Kaplan–Meier curve estimates the survival of patients in the two study groups. We can see how patients with hypertension have a higher associated mortality, with the difference being statistically significant, p-value (log-rank) = 0.004. Only for the appearance of complications during hospitalization, the group of hypertensive patients reached the figure of €1,355,901.71 compared to the total of 421,403.48 € for normotensive patients.

Conclusion: Our study shows the worse clinical evolution of patients with COVID-19 in terms of associated morbidity and mortality. It also shows that the cost of managing patients with hypertension is greater than that of managing normotensive patients.
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Introduction

Many researchers have focused their studies on hypertension due to its over-representation among COVID-19 patients (1). Both retrospective and observational studies conducted close to the Wuhan area have reported that hypertension is the most common comorbidity observed in patients affected by COVID-19, ranging between 15 and 30% (2–4). In one of the largest studies conducted in Wuhan with data collected from 1,099 COVID-19 patients, 165 patients (approximately 15% of the total sample) had high blood pressure (5). The same study also reported that a total of 23.7% of hypertensive patients had higher disease severity than 13.4% of normotensive subjects. However, 35.8% of hypertensive patients experienced worst outcomes in terms of intensive care unit (ICU) admission, mechanical ventilation, or death compared to just 13.7% of normotensive patients (5).

Another study conducted in China, which investigated 138 COVID-19 patients, found a similarly high prevalence of hypertension among the patients (31.2%) (2). The researchers also affirmed that 58.3% of hypertensive patients with COVID-19 infection were admitted to ICU compared to 21.6% of patients with normal blood pressure. Guan et al. studied a cohort of 1,590 patients from 575 hospitals and found that hypertension was independently associated with severe COVID-19 (hazard ratio 1.575; 95% CI: 1.07–2.32). All these findings indicate that hypertensive patients have a higher risk of developing severe outcomes from COVID-19.

These early results were similar to those subsequently found in other countries. Thus, JAMA published data on 1,591 patients admitted to intensive care units in Italy (6). Arterial hypertension (49%) and cardiovascular disease (21%) were the most frequent comorbidities, above other respiratory diseases. The study stratified the cohort by the presence or absence of hypertension and hypertensives finding that patients with arterial hypertension had higher mortality (65% vs. 40%, p < 0.001).

The Spanish National Health System (SNS) is based on a Beveridge-type public model (7). It is a decentralized national health system, with competencies transferred to 17 Spanish autonomous communities (regions), under the control of the Ministry of Health. The SNS coverage gradually spread until 100% of citizens were covered in 1989. Currently, care is financed by taxes, and services are accessed by health cards. There are not many studies related to the cost of managing patients infected with the SARS-CoV-2 virus. In Spain, Calderon et al. reported that the cost of managing patients with COVID-19 without hospitalization is €729.79, and the cost of hospitalized patients ranges between €4294.36 and €14440.68, if there is an ICU admission (8).

If we focus on the worse evolution of hypertensive patients, they have a higher incidence of complications, longer hospital stays, or stays in intensive care units than normotensive patients, and all this translates into higher healthcare costs for the management of hypertensive patients when infected with the SARS-CoV-2 virus. Therefore, our working hypothesis is that patients with arterial hypertension have a worse prognosis in terms of evolution leading to higher costs.



Methods


Design

A retrospective cross-sectional study was carried out.



Data collection

Given the avalanche of patients in the emergency department, wards, and the ICU and the lack of knowledge of the disease during the initial months of the pandemic, the Hospital Universitario La Paz created a specific data collection notebook for all those who came to the hospital with clinical manifestations compatible with SARS-CoV-2 virus infection. This database was created by several experts in epidemiology at the hospital with the aim of learning more about the disease known as COVID-19.



Population and sample

A total of 3,581 patients from the La Paz University Hospital (LPUH) during the period between 15 July 2020 and 31 July 2020 were included in this study. The database included sociodemographic data, clinical status, laboratory findings, and clinical management of patients admitted with a respiratory infection caused by SARS-CoV-2 since the outbreak of the current pandemic.



Variables

Patient demographic data were collected prior to admission. Total costs were categorized based on care settings (admission to the hospital ward, admission to the ICU, and length of hospital stay) and the occurrence of most frequent complications (such as respiratory infection, pneumonia, acute respiratory distress syndrome, pneumothorax, pleural effusion, meningitis, convulsions, stroke, heart failure, endocarditis, arrhythmia, cardiac ischemia, cardiac arrest, coagulation problems, anemia, renal failure, pancreatitis, hepatic failure, psychiatric illness, and gastrointestinal bleeding). Additionally, variables associated with chronic health problems (such as smoking, diabetes, hypertension, chronic cardiac diseases, asthma, and chronic bronchitis) were considered. These variables have been linked to complications in COVID-19.

The cost data used were provided by the accounting department of the hospital, which allowed more precise estimates to be made.



Statistical analysis

Quantitative variables were described using robust statistics, such as median and interquartile interval, whereas for qualitative variables, frequency distribution was used. For the comparison of quantitative variables that were not normally distributed among frailty groups, the Kruskal–Wallis non-parametric H test was used, based on the Shapiro–Wilk test. Finally, the chi-squared test was used to compare qualitative variables.

The survival estimate was assessed using the Kaplan–Meier method comparing the survival curve between the groups with the log-rank test. The multivariate analysis was carried out by means of Cox regression, with the forward conditional method, introducing as independent variables the variables that obtained statistical significance in the bivariate analysis or that could have a clinically plausible implication. The results of the multivariate model were presented as a hazard ratio (95% CI).

The statistical analysis was performed using STATA v16.0, and a p-value of 5% was considered statistically significant.



Ethical considerations

The study was conducted in accordance with the principles outlined in the Declaration of Helsinki (2008 update, available on the World Medical Association website).1 Additionally, it adhered to the standards of good clinical practice as described in the ICH Harmonized Tripartite Guidelines for Good Clinical Practice (2001) and the Guidelines for Good Epidemiological Practice.2 The study was approved by the Clinical Research Ethics Committee of LPUH, Madrid, with the LPUH code: PI-4155. It was not necessary to provide a formulary of informed consent as the anonymized database was used for data extraction. This study was conducted in accordance with European and Spanish regulations for the protection of personal data (Organic Law 3/2008).




Results


Description of the sample

The patients were stratified according to the diagnosis of hypertension. Table 1 shows the demographic characteristics of these patients. It should be noted that 40.71% of the patients were hypertensive. As expected, hypertension was associated with men, among whom we observed a higher prevalence and a higher median age [median of 77 years (IQI: 65–85) vs. 52 years (IQI: 37–64), p-value <0.001].



TABLE 1 Description of demographic variables in patients with and without arterial hypertension admitted for COVID-19.
[image: Table1]

The clinical presentation of COVID-19 symptomatology was also very different between patients with hypertension and normotensive patients, as shown in the following Table 2. Notably, hypertensive patients exhibited a higher prevalence of dyspnea (52.14% vs. 47.15%, p-value = 0.004) and altered awareness (14.89% vs. 4.30%, p-value <0.001).



TABLE 2 Clinical symptomatology at hospital admission.
[image: Table2]

Regarding the complications presented by patients with hypertension, we observed a significant difference in most of them. Acuate Respiratory Syndrome by COVID-19, much more present in patients with HT (31.37% vs. 12.00%, p-value <0.001), pneumothorax (6.73% vs. 0.67%, p-value = 0.007), cardiac arrest (15.38% vs. 0.00%, p-value <0.001), acute confusional syndrome (29.81% vs. 4.67%, p-value <0.001), and clotting alteration or sharp failure as shown in Table 3. In addition, hypertensive patients have a higher in-hospital mortality rate than normotensive patients (Tables 4, 5).



TABLE 3 Incidence of complications during hospital stay.
[image: Table3]

Figure 1 shows the non-parametric Kaplan–Meier curve, which estimates the survival of patients in the two study groups. We can see how patients with hypertension have a higher associated mortality, with the difference being statistically significant, p-value (log-rank) = 0.004.

[image: Figure 1]

FIGURE 1
 Kaplan–Meier estimator.




TABLE 4 Cox regression model to predict COVID-19 mortality.
[image: Table4]



TABLE 5 Costs associated with the management of COVID-19 patients with and without hypertension.
[image: Table5]

In the Cox regression model, we observed that chronic cardiac disease (HR = 1.70, 95% CI: 1.05–2.75), chronic kidney disease (HR = 2.08, 95% CI: 1.13–3.80), and arterial hypertension (HR = 1.67, 95% CI: 1.07–2.35) were associated with in-hospital mortality.

Finally, to conclude the analysis, we include the cost of managing complications. We have already seen that hypertensive patients have more complications compared to normotensive patients, and this increases the healthcare costs of these patients. Specifically, only for the appearance of complications during hospitalization, the group of hypertensive patients reached the figure of €1,355,901.71 compared to the total of €421,403.48 for normotensive patients. This difference in figures means that the cost of managing the complications observed in hypertensive patients is 3.2 times higher than in normotensive patients. However, there was no significant difference in hospital stay between the two groups.




Discussion

Our data show that the group of hypertensive patients studied are older and more frequently men. These two characteristics, male sex and advanced age, are considered as highly relevant conditions associated with a worse prognosis in the evolution of COVID-19. Furthermore, older age is related to higher incidence of comorbidities other than hypertension, such as diabetes, cardiovascular disease, cerebrovascular disease, or obesity, which also increase susceptibility to infection and worsen disease progression. Consequently, the impact of hypertension on COVID-19 is not well defined. However, findings of some studies suggest that hypertension alone may not increase the risk of infection and complications of COVID-19 including death (9).

Many studies show that the cost of managing hypertensive patients is double that of normotensive patients. Our studies are in line with the findings of Badia et al. (10) and it is important to establish an evaluation of interventions and services aimed at the management of hypertension with special emphasis on complications. Numerous studies, such as the analyses presented in The Lancet (11), focus on improvements in detection and treatment with the aim, precisely, of reducing prevalence through early diagnosis, thereby reducing complications, which our study has quantified. For example, obesity is an important aspect to take into account in the development of arterial hypertension. Different studies have quantified that, if managed at an aggregate level, the savings in healthcare costs would amount to between €1,859 and €1,926 per person, and the return on investment would be between 3.3 and 7.0%. (12)

However, if we take a global view of hypertension, we know precisely that several studies (13) reflect the comorbidity of patients with hypertension together with other pathologies, such as dyslipidemia, diabetes, ischemic heart disease, and even stroke, which is also reflected in our study when discussing associated comorbidities. Precisely in the field of stroke, hypertension is the main driver of cerebral small vessel disease (CSVD) leading to cognitive impairment and lacunar stroke (14). On the other hand, the COVID-19 pandemic has also highlighted the worse evolution of patients with COVID-19 and the associated costs (8). Precisely, the association between cardiovascular pathology and poor evolution of SARS-CoV-2 infection is striking in terms of costs. With respect to comorbidities and COVID-19 and its associated costs, studies published in different countries (14) show that hypertension, diabetes, cerebrovascular disease, and ischemic heart disease are markedly more frequent in patients who require critical care or die from COVID-19, establishing a causal link between an underlying pathology, such as hypertension, and other factors, such as myocardial dysfunction produced by SARS-CoV-2.

Continuing with myocardial dysfunction, special interest should alert us to the relationship between hypertension and heart failure. It is precisely in the development of left ventricular hypertrophy and consequently heart failure (15) that hypertension is a key factor, and early diagnosis and treatment are necessary. Hypertensive heart disease describes a spectrum of diseases ranging from uncontrolled hypertension to the final development of heart failure, being mainly among others, the triggering event of left ventricular hypertrophy a hypertensive heart disease, something that can be reversible if recognized early and treated aggressively. Regarding heart failure, a study in the United States (16) found that the mean total cost ± SD was $13,807 ± 24,145, with mean total costs of $15,618 ± 25,264 for patients with 30-day readmission and $11,845 ± 22,710 for patients without readmission. These findings are consistent with our study, which also found both the higher costs associated with hypertension and readmission.

Another aspect to be addressed is the complications that end in fatal consequences. We have already mentioned the relationship between hypertension and stroke, stroke being a major public health problem and a problem that accounts for 10% of all deaths (17) Different studies (18, 19) established that approximately half of the patients analyzed had hypertension.

There are many factors to take into account when discussing hypertension and its associated costs. It has been well established that patients with hypertension have greater associated comorbidities, are admitted to hospital more often, and have higher morbidity and mortality rates.



Limitations

This study has limitations: first, inherent to the type of study, it cannot evaluate cause and effect relationships. Another limitation is that the study was a single-center study mainly due to the imminent need to know the evolution of the disease, and the costs in different autonomous communities or regions may vary. However, as they are public hospitals, the prices are usually subject to the Official State Gazette; therefore, we state that these variations are slight.

Finally, the creation of a specific The Electronic Data Collection Notebook (CRD) for the hospital itself and for this disease in particular means that we cannot compare it with other types of infections such as Influenza.



Conclusion

The results obtained provide evidence that tends to support our initial hypothesis that hypertensive patients admitted for SARS-CoV-2 respiratory infection would have a worse prognosis in terms of outcomes compared to normotensive patients, leading to higher healthcare costs for the hypertensive patient group. Our study shows the worse clinical evolution of patients with COVID-19 in terms of associated morbidity and mortality. It also shows that the cost of managing the complications observed in hypertensive patients is 3.2 times higher than in normotensive patients.
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Background: Non-communicable diseases are a global health problem. The metric Disability-Adjusted Life Years was developed to measure its impact on health systems. This metric makes it possible to understand a disease’s burden, towards defining healthcare policies. This research analysed the effect of healthcare expenditures in the evolution of disability-adjusted life years for non-communicable diseases in the European Union between 2000 and 2019.

Methods: Data were collected for all 27 European Union countries from Global Burden of Disease 2019, Global Health Expenditure, and EUROSTAT databases. Econometric panel data models were used to assess the impact of healthcare expenses on the disability-adjusted life years. Only models with a coefficient of determination equal to or higher than 10% were analysed.

Results: There was a decrease in the non-communicable diseases with the highest disability-adjusted life years: cardiovascular diseases ([image: image]2,952 years/105 inhabitants) and neoplasms ([image: image]618 years/105 inhabitants). Health expenditure significantly decreased disability-adjusted life years for all analysed diseases (p < 0.01) unless for musculoskeletal disorders. Private health expenditure did not show a significant effect on neurological and musculoskeletal disorders (p > 0.05) whereas public health expenditure did not significantly influence skin and subcutaneous diseases (p > 0.05).

Conclusion: Health expenditure have proved to be effective in the reduction of several diseases. However, some categories such as musculoskeletal and mental disorders must be a priority for health policies in the future since, despite their low mortality, they can present high morbidity and disability.

Keywords
 health expenditure; health policy; disease burden; panel data; chronic diseases; public health expenditure; private health expenditure


Introduction

Burden disease is defined as the difference between a population’s current state of health and the optimal state of health, where the whole population achieves a full life without suffering a major illness (1).

There are several methodologies to quantify the burden of disease. However, to be able to compare between countries, the most used measure is the Disability Adjusted Life Years (DALY) which is equal to the sum of years of life lost due to premature death (YLL) and years lived with disability (YLD) (2–4). Thus,

[image: image]

This work focuses on non-communicable diseases (NCD), known as chronic diseases, which tend to result from a combination of genetic, physiological, environmental, and behavioural factors (5, 6). According to the World Health Organization (WHO), their impact increased from 61% of global deaths in 2000 to 74% in 2019, causing 63% of DALYs in that year (compared to 47% in 2000). In Europe, NCD affects life expectancy and is responsible for 77% of the total disease burden (5, 7). The literature points to a more significant burden of cardiovascular diseases, neoplasms, chronic respiratory diseases (such as Chronic obstructive pulmonary disease and Asthma) and diabetes within NCD, accounting for more than 33 million deaths in 2019 (an increase of 28% compared to the year 2000), with at least 80% of all heart attacks, diabetes and strokes, and 40% of cancers could be prevented by monitoring the main risk factors - tobacco, alcohol, poor diet, physical inactivity and environmental factors (5, 6, 8).

NCDs were included in the WHO agenda for Sustainable Development 2030, with the goal of reducing the probability of death resulting from the four main diseases by one-third, for ages between 30 and 70 years, by 2030 (6). Moreover, the European Commission launched the Healthier Together—EU Non-Communicable Diseases initiative as a way of helping European Union (EU) countries to achieve that goal through the identification and implementation of effective policies and actions to reduce the burden of the NCD, which shows the topicality of this topic (7).

The economic consequences of NCDs significantly impact health care and decrease productivity. NCDs are the most significant cause of health expenditure (2).

Global Health Expenditure Database (GHED) is the largest international expense comparison database across almost 190 countries since its inception in 2000 (9). It includes financing source indicators such as current healthcare expenses (CHE), domestic general government health expenditures (GGHE-D), and domestic private expenditures (PVT-D), which include household out-of-pocket payments (OOP) (9). EU health systems vary in organisation and financing as their governance relies mainly on national legislation. However, ensuring universal access and delivering high-quality care at an affordable price for all citizens are recognised as essential societal needs as they are fundamental values and principles within the EU (10).

Therefore, the growing population ageing and the subsequent rise in demand for healthcare services present a significant challenge to the health economy (11, 12). Healthcare expenditures are a significant part of the national budgets of the EU countries. In 2020, it was equivalent to approximately 11% of the gross domestic product (13, 14). As disability becomes a large component of disease burden, it represents a high component of health expenditure and, in addition, there is also a loss of productivity and labour (7, 11).

It becomes crucial to anticipate trends and formulate adequate policies (11, 12). Thus, policymakers need to recognise the significance of DALYs as they reflect the disease burden that healthcare systems must effectively address. This highlights the importance of assessing the effect of these expenses in improving the health of EU citizens (15, 16). Healthcare expenditure is not the sole determinant of health outcomes such as DALYs. However, it plays a significant role in the accessibility, quality, and effectiveness of healthcare services, all of which ultimately influence population health outcomes. Thus, this research has two aims: to analyse the evolution of DALYs in NCDs and the health expenditures in the EU, and to evaluate the effect of health expenditures on the evolution of DALYs in NCDs.



Methods


Databases and variables

A multinational retrospective longitudinal study was performed. Data were collected for all 27 EU countries for the period 2000 to 2019, from 3 databases:

• Global Burden of Disease (GBD) 2019 for YLL and YLD and therefore for DALY, as described by Equation 1, related to communicable, maternal, neonatal and nutritional diseases (CMND), injuries (INJU), NCD and each NCD;

• GHED for health expenditure data;

• EUROSTAT database for population data (17).

Detailed descriptions of the health expenditure variables can be found in Supplementary Table S1.

The collected YLL, YLD and DALY values were adjusted for a standardised age and for both sexes.



Statistical analysis

Data treatment was performed using STATA® (version 14.2) and Microsoft Excel® 365. First, an exploratory data analysis was carried out which included a weighted average of DALY and YLD, and some graphical representations. For a better analysis of expenditures within the private sector, private expenditure ([image: image]) was generated by the difference between PVT-D and the out-of-pocket expenditure ([image: image]), and, for uniformity in the reading of the results, a logarithmization of the DALYs referring to each NCD was carried out in STATA®.

Secondly, a econometric panel data models were used to assess the impact of healthcare expenses on DALYs, through cross-sections (analysis of between countries in a given year) and chronological sequences (analysis of a country over the years). To avoid collinearity issues, the analysis was performed in two steps: the first step consisted in the analysis of fixed effects (FE) and random effects (RE) models for the DALYs of a NCD for country [image: image] at time [image: image] ([image: image]) with the total of health expenditures ([image: image]) as the single covariate. The FE model can be described by Equation 2,

[image: image]

Where [image: image] is a constant, [image: image] is the coefficient of the independent variable, [image: image] are the country-specific effects that are assumed constant over time and verify [image: image], and [image: image] are the normal error terms. The RE model is given by Equation 3,

[image: image]

Where [image: image] stand for the country-specific effects that are now assumed to be normal random variables with null mean and equal variance, and [image: image] are the normal error terms.

The second step was to consider as explanatory variables all possible combinations between [image: image], [image: image] and [image: image]. Both FE and RE models were considered.

The option between the FE and RE models was based on the result of the Hausman test for a significance level of 5%. The BIC (Bayesian information criterion) was also used to obtain a parsimonious selection of independent variables (18–21). Only models with an overall coefficient of determination equal to or higher than 10% were analysed (22).




Results


Evolution of DALYs

The evolution of DALYs for NCD, CMND and INJ in the EU from 2000 to 2019 is detailed in Figure 1. The burden of NCDs is significantly higher than the burden of CMND or INJU since the minimum for NCDs (16,800 years per [image: image] inhabitants in 2019) is more than five times greater than the maximum number of injuries (3350.28 years per [image: image] inhabitants in 2018) and about ten times greater than the CMND maximum (1719 years per [image: image] inhabitants in 2009).

Despite the tendency to maintain DALYs, the percentage of these due to YLD has changed. While the CMND and INJU had a decrease in the rate of YLD within the DALYs (50.14 to 38.85% and 49.28 to 37.64%, respectively), the NCDs show an increase in the burden of YLD within DALYs, rising from 41.45 to 54.46% (Figure 2).

When analysing the evolution of DALYs within NCDs (Figure 3), cardiovascular diseases presented the highest DALY values within NCDs. During the period under review, these diseases had a positive evolution with a decrease over time (maximum 5,502 years per [image: image] inhabitants in 2002, and minimum 2,189 years per [image: image] inhabitants in 2019).

[image: Figure 1]

FIGURE 1
 Evolution of DALYs for DNC, CMND and INJ in the EU from 2000 to 2019; CMND, communicable, maternal, neonatal and nutritional diseases; NCD, non-communicable diseases; INJU, injuries.


Neoplasms were the second most impactful NCD, with recorded values exceeding 4,000 years per [image: image] inhabitants during the initial three years under analysis, and in subsequent years these values consistently remained below that threshold.

Musculoskeletal and mental disorders and other NCDs change their position in terms of rank over time. However, all showed increasing values of DALYs. In 2019, mental disorders were the third NCD, followed by musculoskeletal disorders and other NCDs.

Neurological disorders is the sixth NCD with the most significant effect, with the lowest values in the first three years under analysis. The two highest records are found in the last decade (1,443 years per [image: image] inhabitants in 2012 and 1,438 years per [image: image] inhabitants in 2019), which indicates an upward trend.

Conversely, there has been a notable downward trend in the percentage of YLD (Figure 4) in diabetes and kidney diseases (maximum of 65.10% in 2000 and minimum 47.58% in 2019) and substance use disorders (maximum of 79.12% in 2003 and minimum 52.41% in 2010), while chronic respiratory diseases follow an increase in the percentage of YLD (minimum 41.43% in 2000 and maximum 57.22% in 2019). When analysing the variation in the rate of YLD between 2000 and 2019, these same diseases were the only ones with changes exceeding five percentual points.

[image: Figure 2]

FIGURE 2
 Evolution of the YLD percentage in DALYs for DNC, CMND and INJ in the EU from 2000 to 2019; CMND, communicable, maternal, neonatal and nutritional diseases; NCD, non-communicable diseases; INJU, injuries.




Health expenditures

The total of health expenditures ([image: image]), public and private, has increased since 2000 (6.90% of GDP), reaching the maximum value in 2009 (8.47% of GDP) and remaining above 8.00% until the end of the study period (cf. Figure 5). The maximum expenditure occurred in 2019 in Germany (11.70% of GDP), while the minimum was in 2000 in Romania (4.21% of GDP).

Public expenditure ([image: image]) was the [image: image] component with the most significant impact on health, its evolution over time was similar to the total growth. Thus, [image: image] attained its minimum in 2000 (5.04% of GDP) and its maximum in 2009 (6.18% of GDP), maintaining approximately 6.00% of expenditure afterwards. When examining the data by country (Figure 6), significant variations in values were observed. Sweden, the country with the highest [image: image], presented an expenditure of 9.28% of GDP in 2018 which is three times higher than Cyprus in the same period (2.88% of GDP in 2018).

[image: Figure 3]

FIGURE 3
 DALY’s evolution by NCD in the EU from 2000 to 2019; NEO- neoplasm; CARD, cardiovascular disease; Resp., chronic respiratory disease; DIGE, digestive disease; NEUR, neurological disorders; MENT, mental disorders; MUSC, musculoskeletal disorders; OTHE, other non-communicable disease; SKIN, skin and subcutaneous disease; SENS, sense organ disease; SUBS, substance use disorders; DIAB, diabetes and kidney disease.


[image: Figure 4]

FIGURE 4
 Evolution of YLD within DALYs by NCD in the EU from 2000 to 2019; NEO, neoplasm; CARD, cardiovascular disease; Respiratory chronic respiratory disease; DIGE, digestive disease; NEUR, neurological disorders; MENT, mental disorders; MUSC, musculoskeletal disorders; OTHE, other non-communicable disease; SKIN, skin and subcutaneous disease; SENS, sense organ disease; SUBS, substance use disorders; DIAB, diabetes and kidney disease.


On the other hand, private sector expenditures (Private expenditure ([image: image]) and out-of-pocket expenditure ([image: image])), had a similar evolution over time. On average, both types of expenditure reached their minimum recorded at the beginning of the period under study, although the maximum of [image: image] occurred in 2019 (0.60% of GDP) and of [image: image] in 2014 (1.78% of GDP). By country, the Netherlands had the highest [image: image] in 2017 (2.49% of GDP), while for [image: image], Bulgaria had the highest in 2012 (3.60% of GDP). The countries with the lowest [image: image] and [image: image] were, respectively, Slovakia in 2004 (0.003% of GDP) and Luxembourg in 2019 (0.52% of GDP).

In short, all health expenditures have an upward trend with stabilisation in the last decade. By analysing the typology of health expenditure (Figure 6), it is possible to observe that Cyprus was the only EU country with an [image: image] mean lower than 50% of [image: image] (being 46.27% of these expenditures by [image: image]), followed by Bulgaria and Latvia with ana [image: image] higher than 40%. Most countries have an [image: image] and [image: image] lower than 30% (17 countries), thus there is a higher expenditure on health by public agencies. [image: image] represent more than 50% of non-public expenditure in most countries, with a median of almost 20% of [image: image]. France (9.15%), Netherlands (10.16%) and Luxembourg (11.65%) have the lowest percentages of [image: image].

[image: Figure 5]

FIGURE 5
 Evolution of Health Expenditure in the EU from 2000 to 2019; E_Tot, Total Health Expenditure; E_Pub, Public expenditure on health; E_Prv, Private health expenditure without out-of-pocket payments; E_OOP, Private health expenditure in the form of out-of-pocket payment.




Panel data models

The panel data models were found to model the evolution of the DALYs of each NCD with [image: image], as the only explanatory variables are detailed in Supplementary Table S2. Four of the NCDs presented a low overall r2 (chronic respiratory disease, substance use disorders, diabetes and kidney disease and other non-communicable disease). Mental disorders despite an overall r2 of more than 30%, did not present statistically significant for [image: image]. As for the other NCDs, all had a significant favourable evolution, except for musculoskeletal disorders, where, according to the fitted model, a 1% increase in [image: image] increased DALYs by 0.26%. The evolution was especially favourable in cardiovascular and digestive diseases.

To determine the effect of the expenditures [image: image], [image: image] and [image: image] on the evolution of the DALYs of each NCD, panel data models were fitted for every combination of the explanatory variables. The most parsimonious model, according to the BIC criteria, was chosen and its parameters are presented in Table 1 (results for diseases with an overall r2 less than 10% were omitted). Supplementary Table S3 shows the complete results.

[image: Figure 6]

FIGURE 6
 Percentage ratio of public, private and OOP expenditures within total health expenditures by country. [image: image]- Public expenditure on health; E_Prv, Private health expenditure without out-of-pocket payments; E_OOP, Private health expenditure in the form of out-of-pocket payments; E_Tot, Total health expenditure; Germany (DE), Austria (AT), Belgium (BE), Bulgaria (BG), Czechia (CZ), Cyprus (CY), Croatia (HR), Denmark (DK), Spain (ES), Slovakia (SK), Slovenia (SI), Estonia (EE), Finland (FI), France (FR), Greece (GR), Hungary (HU), Ireland (IE), Italy (IT), Latvia (LV), Lithuania (LT), Luxembourg (LU), Malta (MT), Netherlands (NL), Poland (PL), Portugal (PT), Romania (RO) and Sweden (SE).




TABLE 1 Most parsimonious panel data model for NCD DALYs by [image: image], [image: image], [image: image].
[image: Table1]

Public health expenditure has a significant effect on all NCDs except for skin and subcutaneous diseases. However, in musculoskeletal disorders, the increase in public expenditure does not have a positive impact on DALYs (a 1% increase in [image: image] increases its DALYs by 0.32%).

Upon analysing both the private and public sector expenses, it becomes clear that these expenses have a significant impact on NCDs, with cardiovascular diseases showing the coefficients with the greatest improvements for [image: image] (10.37%), [image: image] (45.32%) and [image: image] (18.54%). Comparing the types of expenditure, the impact of the increase in private sector expenditure ([image: image] and [image: image]), in percentage terms, always showed an expected variation greater than that of [image: image], in all models.




Discussion


Evolution of DALYs

In this study, we assessed trends in DALYs and health expenditure across the 27 EU countries over 20 years (2000–2019), and analysed the effect of health expenditure in the DALYs evolution.

According to GBD 2019 Diseases and Injuries Collaborators (2020), with the increase in the sociodemographic index, there is an inversion of the burden from CMND to NCDs, where the contribution of YLD to DALYs becomes greater. This research also observed that NCDs present a more significant burden for health systems compared to CMND and injuries, as well as the trend of increasing disability, measured by YLD, for these diseases.

Despite the higher burden of NCDs, there was a maintenance of DALYs in the EU over time, through a downward trend in diseases such as cardiovascular and neoplasms and an upward trend for musculoskeletal and mental disorders. Daroudi et al. also observed a maintenance of DALYs for NCDs between 2000 and 2016 (worldwide), while Liu et al. observed a downward trend worldwide in DALYs for musculoskeletal disorders between 1990 and 2019 (23).

The drop of more than 1900 years per [image: image] inhabitants in cardiovascular diseases in 2019 should be carefully analysed since the mean in 2018 is lower than the three lower minimum values found for the same variable over the period analysed. This fall needs further studies and analysis in subsequent years.

Regarding the contribution of the YLD in the evolution of the DALYs, the NCDs have shown different performances. DALYs concerning cardiovascular, digestive, and sensory organ diseases decreased, and the YLD percentage remained similar over time. DALYs due to diabetes and kidney disease fell, but the YLL percentage increased. On the other hand, skin and subcutaneous diseases, chronic respiratory diseases, other NCDs and neurological, musculoskeletal and mental disorders had a trajectory of increased DALYs with YLD percentage showing low variation. However, disorders due to substance use increased DALYs and decreased the YLD percentage. Thus, most NCDs maintain the percentage of DALYs components over time, except for diabetes and kidney disease and disorders due to substance use, where there is an increase in premature deaths, and chronic respiratory diseases, with an increase in disability. Moreover, in the study by GBD 2019 Diseases and Injuries Collaborators, worldwide, an increase in YLL for disorders due to substance use was observed, justified by the inadequate prescription of opiates or fentanyl abuse. On the other hand, Kotwas et al., in a study in central Europe, observed an increase in DALYs for type 2 diabetes mellitus with an increase in YLDs (24).



Healthcare expenditures policies in the EU

EU adhere to the principle of universal access to healthcare, which is achieved through compulsory funding for the public sector, and there is no country in the EU (and very few worldwide) in which the private sector is the only source of access to health (25). Therefore, in this study, all EU countries financed their health systems through the public and private sectors, where, on average, there was an upward trend in all types of expenditure over time, with [image: image] being the ones that most contribute to [image: image], followed by [image: image] and [image: image]. Note that Cyprus was the only country with a [image: image] component below 50%, as in WHO et al., being the value justified by the inability of the Cypriot health system to cover 10% of the population, motivating a significant reform in the health system in 2019 (26).

Thus, public entities were the major funders of health systems in EU countries, reaching over 80% in Croatia, Sweden, Denmark, Czechia and Luxembourg.

Figure 5 shows a sudden increase in health expenditure in 2009. This increase, as described by OECD & European Commission (2020), is due to a contraction in GDP due to the 2008 financial crisis and not to increased funding for health.

Both this study and WHO et al. observed a higher burden with [image: image]compared to [image: image], except in France, Slovenia and the Netherlands. These results may be due to its quick access, the provider’s choice or better facilities provided by the private system. However, it also shows a deficit in the articulation of health subsystems and the private sector, since [image: image] are borne directly by users, withdrawing income or savings from households. In the EU, on average, 1/5 of total health expenditure is paid out-of-pocket, mainly for pharmaceutical, dental and other long-term healthcare services (26).



The effect of health expenditures on DALYs

The NCDs received, until 2019, a residual investment, mainly compared to the expenses in diseases such as AIDS, tuberculosis, malaria and neonatal, child and maternal health (27). However, it is estimated that a 1% increase in per capita health expenditure reduces DALYs for all causes by 0.24%, and in countries with a high development index [as in the 27 EU countries (28)] the decrease in DALYs reaches 0.27% (29). This highlights the importance of analysing the impact of the health expenditure (30) in the DALYs for each category of disease as its potential benefit has been previously reported in other studies (31, 32). Our findings suggest that benefits regarding neoplasms, cardiovascular and digestive diseases are significantly higher than the estimated benefit of 0.27%, for all causes, estimated by Daroudi et al.

Most health expenditures are related to public organisations, reflecting fewer changes in DALYs compared to the private sector. All increases in [image: image] and/or [image: image] decrease the DALYs of NCDs, while the increase in [image: image] always shows less significant improvements compared to the private sector or even the increase in DALYs (as for musculoskeletal disorders). On the other hand, despite [image: image], in most countries, being responsible for more than 50% of expenditures in the private sector, the health outcomes for increasing these expenditures are always lower than the results with increasing [image: image].

Neurological disorders increased DALYs over time, however, only [image: image] significantly contributed to the decrease in their impact. Thus, a deeper private sector involvement should be considered in the future. Conversely, skin and subcutaneous diseases presented an increase in their DALYs and its evolution was only influenced by the private sector. A bigger contribution from the public sector would be important to face this increase.

Cardiovascular diseases showed the most significant effect on health systems through DALYs and simultaneously had the most favourable evolution when there was a 1% increase - in any health expenditure type - translating into a decrease in DALYs between 10 and 45%! These results show considerable attention to this pathology, justifying the downward DALY trend over time. Otherwise, musculoskeletal disorders showed the worst increasing trends for the period under study. As for the musculoskeletal, it was the only NCD in which the increase in [image: image]and/or [image: image] did not show positive results in the health of the population. Mental diseases showed a poor relation between DALYs and expenditures (overall [image: image] equal to 1%). This result shows that investment, mainly public, is not responding to the needs of the population since, as advocated by GBD 2019 Diseases and Injuries Collaborators (2020), there is little development of strategies for these diseases, given the low mortality (main focus of health policies at a global level). Singh et al., in southeast Asia, found better results with public expenditure, compared to private expenditure: a 1% increase in public expenditure reduced NCD mortality by 0.6%, while private expenditure increased mortality by 0.15% (33).

Several studies have already addressed the problem of assessing the impact of healthcare expenditure on health outcomes (e.g., mortality rate) (15, 16, 22, 33). However, to our knowledge, this is the first study in which the health outcome of interest are DALYs and it is important to conduct further research in this area.



Limitations

This study had some limitations. Firstly, the study was designed as a second analysis of GBD data, and its limitations have already been published (such as the availability of primary data and the case definition or measurement method). Secondly, only the main categories of diseases within the NCDs were analysed without considering each disease, which may bias the results. Thirdly, only health expenditures were analysed as contributing to the DALYs, and the literature points to a multifactorial impact [risk factors such as poor diet, obesity and high blood (33, 34); socioeconomic and demographic structure of the populations and health inequalities (12)]. This is particularly clear in the cases where models have a very low overall coefficient of determination r2 (e.g., mental disorders). Finally, the study did not consider the typology of health systems within the EU, relying only on definitions of health expenditure.




Conclusion

The strategic plans implemented in cardiovascular diseases and neoplasms have yielded positive outcomes since the funding invested is associated with a more significant reduction in DALYs, with repercussions in improving the population’s health over time. Conversely, musculoskeletal must be a priority for health policies in the future since, despite their low mortality, they present high morbidity and disability, associated with an increasing evolution over time have a significant economic impact on society.
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Background: Universal health coverage (UHC) is crucial for public health, poverty eradication, and economic growth. However, 97% of low- and middle-income countries (LMICs), particularly Africa and Asia, lack it, relying on out-of-pocket (OOP) expenditure. National Health Insurance (NHI) guarantees equity and priorities aligned with medical needs, for which we aimed to determine the pooled willingness to pay (WTP) and its influencing factors from the available literature in Africa and Asia.

Methods: Database searches were conducted on Scopus, HINARI, PubMed, Google Scholar, and Semantic Scholar from March 31 to April 4, 2023. The Joanna Briggs Institute’s (JBI’s) tools and the “preferred reporting items for systematic reviews and meta-analyses (PRISMA) 2020 statement” were used to evaluate bias and frame the review, respectively. The data were analyzed using Stata 17. To assess heterogeneity, we conducted sensitivity and subgroup analyses, calculated the Luis Furuya-Kanamori (LFK) index, and used a random model to determine the effect estimates (proportions and odds ratios) with a p value less than 0.05 and a 95% CI.

Results: Nineteen studies were included in the review. The pooled WTP on the continents was 66.0% (95% CI, 54.0–77.0%) before outlier studies were not excluded, but increased to 71.0% (95% CI, 68–75%) after excluding them. The factors influencing the WTP were categorized as socio-demographic factors, income and economic issues, information level and sources, illness and illness expenditure, health service factors, factors related to financing schemes, as well as social capital and solidarity. Age has been found to be consistently and negatively related to the WTP for NHI, while income level was an almost consistent positive predictor of it.

Conclusion: The WTP for NHI was moderate, while it was slightly higher in Africa than Asia and was found to be affected by various factors, with age being reported to be consistently and negatively related to it, while an increase in income level was almost a positive determinant of it.
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Introduction


Context

Earth, formed 4.6 billion years ago, is divided into seven continents: Asia, Africa, North America, South America, Antarctica, Europe, and Australia (1). Asia is the largest and most populous continent (2). Asia’s vast geographical area offers a population advantage, comprising 4.6 billion out of the global population of 7.7 billion (3). The Asian region comprises a diverse array of countries, including some of the world’s least and most developed nations (4). The East Asia and Pacific region, with over two billion people, is the most populous globally, home to fast-growing economies and the second-largest number of fragile states after Africa (5).

Healthcare systems in Asia are diverse (6–8), with Japan, Singapore, South Korea, and Taiwan renowned for advanced systems, high care standards, and UHC (9–11). Governments in some Asian countries ensure healthcare access through public funding and provider regulation (12), while other Asian countries face challenges like limited access, inadequate infrastructure, and disparities in healthcare delivery (9). As a result, Asian countries are prioritizing healthcare infrastructure investment, quality access, and addressing non-communicable diseases (13, 14), while promoting collaboration and knowledge-sharing to improve health outcomes (15). Hence, Asia’s healthcare systems are undergoing significant transformations and reforms to improve access, quality, and affordability of services for their unique challenges (16, 17).

Africa is the world’s second-largest and second-most populous continent, after Asia. It spans approximately 30.3 million km2, including adjacent islands, accounting for 6.0% of Earth’s surface area and 20.0% of its land area. With a 2021 population of 1.4 billion, it comprises about 18.0% of the global human population (18). The majority of the African population, comprising 53.3%, is rural, with a median age of 18.8 years (19), the youngest population worldwide (18).

Healthcare systems in Africa encounter multiple challenges, such as institutional, human resources, financial, technical, and political issues (20). Africa is grappling with a significant number of both communicable and non-communicable diseases (21). The African continent was home to a particularly diverse and deadly set of tropical diseases (20). Cost-effective interventions to prevent disease burden are available, but their coverage is limited by weaknesses in health systems (21).



Background and rationale

The primary objective of an efficient health system is to improve public health (22, 23), which critically requires UHC (22). The concept of UHC was introduced in 2005 with the aim of addressing disparities in access to healthcare services (24). The post-2015 sustainable development agenda proposes UHC as an umbrella health goal, aiming for universal, equitable, and effective delivery of comprehensive health services (25), which is at the heart of contemporary efforts to strengthen health systems (26).

However, financing UHC is a challenging task, requiring countries to consider all revenue sources for healthcare system reform (27). On the other hand, while increased spending can improve health outcomes, improving the efficiency of these expenditures is even more critical (28). Health financing involves the collection of revenue, pooling of risk, and purchasing of goods and services to enhance population health, primarily funded by individuals and households through the tax system (29). Not only revenue collection but also effective healthcare purchasing and proper regulation of healthcare providers are crucial for the sustainability of healthcare financing (30). Health purchasing is the transfer of funds to health providers, either passively or strategically, to deliver services (31).

As mentioned before, one of the targets of the Sustainable Development Goals (SDGs) is the promise to work toward achieving UHC by 2030 (32). UHC not only contributes to achieving SDG 3, good health and wellbeing, but also poverty eradication, work and economic growth, and reduced inequalities, which represent the targets of SDGs 1, 8, and 10, respectively (33). It should shield households from financial risk, especially the poorest who find it difficult to pay for services (34), which include access to high-quality, vital medical care as well as safe, effective, and reasonably priced medicines and vaccinations (32). The World Health Organization (WHO) emphasizes the significance of equitable access to safe and affordable medicines for optimal health, aligning with the SDGs, particularly SDG 3.8, which aims for UHC, and SDG 3.b, which focuses on the accessibility of medicines to address existing treatment gaps (35).

Yet, 2 billion people worldwide have no access to essential medicines (35) and face catastrophic or impoverished health spending (36), and at least 400 million individuals do not have access to essential health services (32), because the most common method of paying for health services globally is OOP spending (37). On average, each nation spends roughly 32.0% of its total health budget on OOP expenses. Due to OOP medical expenses, 150 million individuals each year experience financial catastrophe (32), and 100 million are forced into poverty (32, 38). These individuals reside in developing countries where the health systems are plagued by inefficiency, unequal access, insufficient funding, and substandard services and account for 92.0, 68.0, and 80.0% of the world’s annual deaths from communicable diseases, non-communicable conditions, and injuries, respectively (39).

The burden of the lack of UHC is highest in LMICs, particularly in Africa and Asia (Figure 1) (40), where 97.0% of the population is impoverished by OOP health spending (33). In 2023, 75.0% of the 3.1 billion people worldwide without effective UHC are from LMICs in South Asia, Southeast Asia, East Asia, and Sub-Saharan Africa (SSA) (41). For example, by using their household income to access healthcare services, medications, and other products, an estimated 11 million Africans fall into poverty each year (33), which is a concerning issue considering that Asia and Africa together constitute over 75% of the global population (41).
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FIGURE 1
 Percentage of health insurance coverage across the world, from the lowest UHC (light blue) to the highest UHC (dark blue) (40).


Nevertheless, a system that generates net savings by eliminating profit and waste can be used to address the rapidly rising health expenditures (42), because up to one fifth of health expenditures could be directed towards better use by avoiding waste (43). To ensure equitable access through such a mechanism, health care must be funded, managed, and provided in a way that puts the needs of individuals and communities first (32), which is embedded in national, regional, and international contexts (44). This implies that improving health system performance to attain UHC requires actions at national, regional, and global levels (45). In fact, the dedication to collaborating with the global health community enhances access to quality healthcare and makes UHC a reality for patients, families, and communities worldwide. Together, this effort will lead to healthier communities and stronger economies (46).

Accordingly, to overcome the challenge to achieve UHC, the two regions, Africa and Asia, have recognized the importance of collaboration among governments, civil society, and the private sector. Consequently, they have started working together to use a global south perspective. Kenya and Egypt, for instance, are looking for guidance on free basic healthcare through health insurance from Thailand and Japan, respectively (33), which is, undoubtedly, the most significant sort of insurance (47).

Insurance is a contract where the subscriber pays the insurer on a regular basis in exchange for the assurance of indemnification against specific risks. The specific risks covered by health insurance are the financial burden of the treatments required following an illness or injury (48). There are several reasons to introduce health insurance, including the removal of financial barriers to healthcare access, providing financial protection against high medical costs, and negotiating better-quality healthcare with providers (49), which dictate that the way of funding health services is a crucial aspect of UHC (50). As a result, health policymakers must prioritize selecting the appropriate financing mechanisms for health services to achieve broader health policy goals, as this decision impacts both providers and consumers, particularly in low-income countries (LICs) where service usage rates across income groups are a significant issue (51).

Though there are various healthcare financing mechanisms to choose from, national, social, private, and community-based health insurance programs are the four main categories of health insurance programs (52, 53), dictating that health insurance programs can be privately or publicly run, cover various population subgroups, and provide different premium costs and benefit packages. The two primary types of government health insurance programs are NHI and Social Health Insurance (SHI), which are based on the Beveridge and Bismarck healthcare systems, respectively. Health insurance programs in many nations include components from both of these models, and the design varies across countries. However, in the majority of government health insurance schemes, enrollment, contributions, and payments are managed by a fully or partially independent government body (52).

Public health insurance models provide benefits through either a national health insurance fund, a national social security fund, or branches of the central government (54). NHI, as a public health insurance scheme, is thus provided by the federal government through general taxation (55), usually with mandatory coverage for all citizens (56). It is a single-payer scheme that covers all citizens and residents, with eligibility based on citizenship and residency status (57), indicating that it is the best option to ensure equity, fairness, and priorities aligned with medical needs. This strategy improves public health by providing universal access to desirable care with treatment options tailored to the patient’s needs (42).

Therefore, as health care is a human right and requires system-wide changes in financing to achieve UHC (58), a public, single-payer system is the best, most efficient, and most equitable health-care system. This is because, through partnerships with provider organizations and the use of taxes for everyone, single-payer systems enable people to serve as their own insurers. The best care to satisfy needs is then selected by the consumer, with minimal or no OOP expenses. That is, patients are partners in their care, obtaining diagnosis, treatment, and prevention services without financial restrictions (42). Hence, it is important to bear in mind that a nation’s financial resources primarily originate from its population, with the exception of external aid and natural resources (56).

Thus, NHI is funded through income-based premiums (59). The premium is the cost of insurance coverage, which is typically paid monthly or yearly (52). This cost of a health insurance plan is a key factor in its viability, which is determined by the members’ WTP (60), i.e., a stated preference that involves assigning a monetary value to the benefits of health-related goods or services (61). However, LICs face constraints in raising revenue to finance health and health insurance, as government tax revenues are only 15% of gross domestic product (GDP), compared to over 20% in higher-income countries (HICs) (56), and the tax structure is often regressive (62).

The WTP is the utmost amount of money that an individual is WTP for a service or product (52). It is a proxy measure of cost–benefit trade-offs in health insurance (63) and is one of two popular approaches for estimating the monetary value of health benefits, the other being the Human Capital (HC) approach (64). WTP is a widely-used concept in the health sector to guide policy decisions (65). The assessment of WTP can be conducted through evaluating historical healthcare utilization and expenditure data or by employing a contingent valuation (CV) approach (66), which is a survey methodology to assess the benefit or worth of a program to individuals (67). When employing the CV method to determine WTP, two general elements should be included: a hypothetical scenario and a bidding vehicle. The goal of the hypothetical scenario is to give the respondents a detailed explanation of the good or service they are being asked to pay for. Bids can be obtained in a number of ways, including open-ended or closed-ended questions, a bidding game, or a payment card (64).

Estimating the WTP is the best way to assess the expected income of health insurance schemes. This estimate is required to ensure that the cost of benefit packages does not surpass available resources to minimize the risk of bankruptcy. WTP data are, therefore, crucial for informing the design of tailored benefit packages for consumers, particularly groups or communities (68). Cross-country studies are decisive in assessing such data and the impacts of common elements of reforms adopted by many countries, as they provide a comprehensive understanding of which reforms have been successful or not (22). Thus, this systematic review and meta-analysis aimed to determine the pooled WTP for NHI and its influencing factors from the available literature in Africa and Asia.




Methods


Registration and protocol

The protocol for this review was registered on PROSPERO, accessible at https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42023411411. We used the PRISMA 2020 Statement as a frame for the review (69) (Supplementary file S1). However, to pictorially present the screening process of the studies, because of its ease and clarity, we used the PRISMA 2009 flow diagram (70), while we sufficiently discussed the screening process in words in line with the PRISMA 2020 flow diagram.



Eligibility criteria

All original and published cross-sectional studies that report the prevalence of WTP for NHI and/or factors influencing it were deemed eligible for the systematic review. We considered all English-language studies conducted in both community and institutional settings on WTP for NHI in Africa and Asia. The selection of studies was also based on several parameters including outcome variables, study population, year of the study, regional context, sample size, and response rate.



Information sources and search strategy

Database searches were conducted on Scopus, HINARI, PubMed, Google Scholar, and Semantic Scholar from March 31 to April 4, 2023 (Supplementary file S2). Manual searches were performed on PubMed and HINARI. Conversely, Scopus, Google Scholar, and Semantic Scholar were searched using the “Publish or Perish” database searching tool, version 8 (71).



Selection process

After excluding duplicate studies using Zotero reference manager version 6, two reviewers, EMB and HNT, independently screened the remaining studies. The selection process was meticulously conducted by these researchers. Initially, articles were refined based on their title and abstract; subsequently, a full-text revision was performed independently and then collaboratively until a consensus was reached. In cases of disagreement, a third reviewer was consulted for resolution.



Data collection process and data items

A Microsoft Excel 2019 spreadsheet was utilized for data extraction. The outcome variables - population (study units), year of study, context, sample size, response rate, and proportions - were extracted using this spreadsheet. Two independent reviewers, EMB and HNT, extracted the data, compared their findings and reached a consensus. In cases where agreement could not be reached, a third reviewer was invited to help achieve consensus. Additionally, we reached out to the authors of the study to gather any missing information. The primary outcome of this systematic review and meta-analysis was the WTP for NHI. An additional outcome was the factors influencing the WTP for NHI.



Study risk of bias assessment

Two reviewers, EMB and HNT, independently assessed the risk of bias in the included studies using JBI tools. The assessment focused on several criteria: inclusion in the sample, descriptions of study subjects and settings, validity and reliability of measurements, confounding factors and strategies to address them, and appropriateness of the outcome measure. The JBI’s tool with eight criteria was used to evaluate the risk of bias within the articles. Scores of 7 or higher were classified as low risk, 5–6 as medium risk, and 4 or lower as high risk. Studies identified as low and medium risk were included in the review. All inconsistencies were addressed through discussion and, if necessary, the involvement of a third reviewer.



Effect measures and synthesis methods

For the qualitative synthesis, thematic strategies were utilized to categorically conceptualize the outcome variables. Preliminary effect measures were then calculated for the quantitative synthesis based on the qualitative synthesis using a Microsoft Excel 2019 spreadsheet. STATA 17 was employed to determine the effect estimates (proportions and odds ratios—ORs) of the WTP for NHI. Sub-group analyses were subsequently conducted to compare these effect estimates across studies focusing on the outcome variable. The overall level of statistical significance was set at a p-value less than 0.05 with a 95% confidence interval (CI).



Reporting bias and certainty assessment

The study authors were contacted to obtain missing or incomplete data. Studies with incomplete data were excluded from the analysis. Heterogeneity between studies was assessed using the I2 statistic. The influence of each study on the overall meta-analysis was measured using percentages of weights, and subgroup analysis comparing the WTP for NHI in Asia and Africa was conducted. A sensitivity analysis was also conducted to determine the outlier studies.

Moreover, Doi plots were used to examine potential inter-study bias, also known as publication bias, which helps to calculate asymmetry using the LFK index (72). The Doi plot, which is a folded normal quantile (z-score) versus effect plot, replaces the conventional scatter (funnel) plot of precision versus effect. It provides a quick overview of study symmetry and heterogeneity when combined with the Galbraith plot (73). The visual examination involves observing the dots representing specific studies and their arrangement (74). In addition, the plots comprise the LFK index and p-value of Egger’s test (73). The LFK index is used to identify and measure the asymmetry of study effects (75). The closer the LFK index value is to zero, the greater the symmetry in the Doi plot. Values of the LFK index that fall outside the range of −1 to +1 suggest asymmetry, indicative of publication bias (76).




Results


Study selection

We conducted a comprehensive search of Google Scholar (n = 200), HINARI (n = 50), Scopus (n = 19), and PubMed (n = 22) from March 31 to April 4, 2023. An additional 23 records were identified through other sources, resulting in a total of 314 resources (Figure 2). After eliminating duplicates, we were left with 225 articles. Out of these, we screened 157 papers for relevance and discarded 68. Subsequently, 25 studies were chosen based on title and abstract evaluation. After a full-text evaluation, six studies were excluded due to reasons such as language other than English (77), high risk of bias (78–81), and inaccessibility of the full text (82). In conclusion, 19 resources were identified for inclusion, out of which 15 were deemed suitable for the quantitative meta-analysis.
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FIGURE 2
 Schematic description of the screening processes for literature, 2023.




Study characteristics

Ten of the studies included in the systematic review were conducted in Asia, and nine were conducted in Africa. The Asian studies took place in Indonesia (n = 5), Malaysia (n = 3), and Saudi Arabia (n = 2). The African studies were carried out in Nigeria (n = 4), Gambia, South Sudan, Sierra Leone, Côte d’Ivoire, and Ghana. Each study was evaluated based on its design, context, year of study, sample size, non-response and response rates, and primary outcome. The individual characteristics of each study are summarized in Table 1.



TABLE 1 Characteristics of the included studies (n = 19), 2023.
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Risk of bias in the included studies

The risk of bias in the included studies was evaluated using JBI’s critical appraisal tool. Subsequently, studies with low and medium risk were incorporated into the review. As depicted in (Figure 3), the average risk of bias across the studies was 6.0 (75%).

[image: Figure 3]

FIGURE 3
 Summary of the risk of bias assessment of the included studies (n = 19), 2023.




Results of synthesis


Qualitative synthesis

As shown in Table 1, the sample population for all included studies (n = 19) comprised 10,720 individuals, with a response rate of 95.0%, equating to 10,183 respondents. The WTP for NHI was found to be significantly affected by various factors, which were categorized into seven themes as follows:

1. Socio-demographic factors: family size (83–85, 89, 92, 93, 100, 101), age (84, 86, 87, 90, 94, 95, 99), marital status (85, 86, 95), gender (85, 86, 88–91, 94, 95, 97, 100, 101), area of residence (86, 89, 90, 94), and education level (83, 89–91, 94, 95, 98, 99, 101).

2. Income and economic issues: level of income (83, 85–87, 89, 91, 92, 94, 99–101), extent of government taxation (85), and employment status (88, 95, 99, 101).

3. Information level and information sources: awareness about the scheme (84, 92, 94, 98), knowledge regarding the scheme (87, 95), perceptions about financing healthcare (89, 95), insurance literacy, and access to the internet (100).

4. Illness and illness expenditure: illness condition and illness experiences (84, 86, 89, 93, 95, 98, 101), and previous healthcare expenditure (100).

5. Health service factors: availability of hospitals (100), type or ownership of usual healthcare provider (90), level of health facility to get treatment, in-patient or outpatient service (101), and quality of healthcare services (89, 90).

6. Factors related to financing schemes: scheme trust and preference (84), impression of paying much more (85), having alternative health insurance (86, 89, 92, 95), and class or level of health insurance plan (101).

7. Social capital and solidarity: religious affiliation (92), level of empowerment, group and network connection, and social cohesion and inclusion (93).

As demonstrated in Table 2, the included studies reported varying results concerning the relationship between the associated variables and the WTP for NHI. Despite these inconsistencies, some studies have found consistent outcomes. Specifically, the relationship of household age and marital status with WTP for the scheme has shown a negative relationship, meaning that the WTP decreases as age and married household heads increase.



TABLE 2 Direction of the relationship between the associated factors and the WTP for NHI.
[image: Table2]



Quantitative synthesis


Proportional estimation of the willingness to pay

From all the included studies, 15 records with a total of 9,497 participants were included in the quantitative synthesis (Table 3). Six of the eight included studies for the meta-analysis from Asia were conducted in Indonesia (n = 3) and Malaysia (n = 3), and the rest were conducted in Saudi Arabia (n = 2), while those from Africa were conducted in Nigeria (n = 2), Gambia, Sierra Leone, Côte d’Ivoire, and Ghana. Most of the participants (62.3%) were from Asia, and the rest (37.7%) were from Africa.



TABLE 3 The frequency of the WTP for NHI in Africa and Asia (n = 15), 2023.
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The combined (average) WTP for NHI in Africa and Asia was determined to be 66.0% (95% CI: 54.0–77.0%). The highest WTP for NHI was reported in Gambia at 94.0% (95% CI: 92–96%), while the lowest was reported in Indonesia at 18.0% (95% CI: 13–23%). The overall heterogeneity between studies was considerably high (102), with an I2 value of 99.51%. So, a random-effects model was used to calculate the pooled WTP for NHI (103). To identify the source of heterogeneity, as shown in Figure 4, we conducted a subgroup analysis based on continent, which showed significant difference between the subgroups (p = 0.039). According to the subgroup analysis, the WTP for NHI in Africa and Asia, respectively, was 77.0% (95% CI: 63–91%) and 56.0% (95% CI, 41–70%). The studies conducted in Sierra Leone and Gambia reported the lowest and highest WTP for the scheme in Africa, at 49.0% (95% CI, 46.0–52.0%) and 94.0% (95% CI, 92.0–96.0%), respectively. In Asia, the lowest and highest WTP for NHI were found in Indonesia and Malaysia, with rates of 18.0% (95% CI, 13–23%) and 77.0% (95% CI, 74.0–79.0%), respectively.
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FIGURE 4
 The forest plot showing the proportions of the WTP for NHI in Africa and Asia prior to excluding outliers (n = 15), 2023.


When the outliers were excluded, the difference between the subgroups was not found to be significant (p = 0.680), but still, the overall result showed that there was considerable heterogeneity between studies, with an I2 value of 83.82%, which was significant (p < 0.01). After removing the outliers, the WTP for NHI in Africa decreased from 77.0% (95% CI: 63–91%) to 73.0% (95% CI: 65.0–80.0%). Conversely, the WTP for the scheme in Asia increased from 56.0% (95% CI: 41–70%) to 71.0% (95% CI: 66–75%). The combined WTP for the scheme also rose from 66.0% (95% CI: 54.0–77.0%) to 71.0% (95% CI: 68–75%; Figure 5). Consequently, the difference in the WTP levels for the scheme between the two continents narrowed. Yet, Africa’s WTP was higher than that of Asia.
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FIGURE 5
 The forest plot showing the proportions of the subgroup analysis of the WTP for NHI in Africa and Asia after excluding outliers (n = 8), 2023.




Factors influencing the willingness to pay

Eight of the included studies reported binary outcomes regarding the influence of gender, previous illness, residence, alternative health insurance, awareness of the scheme, and the type of ownership of health facilities on the WTP for NHI. With respect to gender, two studies were from Africa and four were from Asia. About previous illness (five studies), type of ownership of facilities (two studies), and owning alternative health insurance (three studies), all studies were from Asia. Three studies, two from Asia and the other from Africa, reported about residence. Similarly, two studies, one in Africa and the other from Asia, reported awareness of the WTP for NHI. Since there was considerable heterogeneity (102) between studies and groups, we employed the DerSimonian and Laird (DL) method, which is recognized as the simplest and most widely used approach for applying the random effects model in metanalysis (104).

As demonstrated in Figure 6, the pooled estimate showed no difference between males and females concerning the WTP for NHI (OR = 0.99, 95% CI: 0.75–1.23) in Africa (Nigeria and Sierra Leone) and Asia (Saudi Arabia, Indonesia, and Malaysia). Male participants in Africa were 1.08 times more likely to pay than female individuals (OR = 1.08, 95% CI: 0.21–1.96), while in Asia, male participants were 3.0% less likely to pay for the scheme compared to female participants (OR = 0.97, 95% CI: 0.73–1.21), indicating that gender had no significant influence on WTP for NHI.
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FIGURE 6
 The strength of the relationship between gender and the WTP for NHI in Africa and Asia.


Regarding illness, as in the case of gender, the combined result showed that there was no significant difference between households with illness and those without (OR = 1.01, 95% CI: 0.43–1.60) in terms of likelihood to pay for NHI in Asia (Saudi Arabia, Indonesia, and Malaysia). This indicated that having a previous illness did not significantly influence the WTP for NHI (Figure 7).
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FIGURE 7
 The strength of the relationship between experiencing illness and the WTP for NHI in Asia.


Concerning place of residence, the pooled estimate showed that participants living in urban areas were 1.03 times (OR = 1.03, 95% CI: 0.09–1.98) more likely to pay for the NHI scheme than those living in rural areas in Africa (Sierra Leone) and Asia (Saudi Arabia and Malaysia); however, the relationship was not significant (Figure 8). Participants living in urban areas of Africa (Sierra Leone) were 31.0% less likely to pay for the scheme compared to their rural counterparts (OR = 0.69, 95% CI: 0.62–0.76). In Asia (Saudi Arabia and Malaysia), urban residents were 1.20 times more likely to pay for the scheme (OR = 1.20, 95% CI: −0.65-3.06) than those living in rural areas.
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FIGURE 8
 The strength of the relationship between residence and the WTP for NHI in Africa and Asia.


The other important factor was the type of ownership of a health facility in accessing healthcare. As portrayed in Figure 9, the estimate in Asia (Saudi Arabia and Indonesia) showed that those who used healthcare services at public health facilities were 1.68 times more likely (OR = 1.68, 95% CI: −0.76-4.12) to pay for NHI compared to participants who did not use services at public health facilities, indicating that the type of ownership of the health facility had no significant influence on the WTP for NHI.
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FIGURE 9
 The strength of the relationship between the type of health facilities to access health services and the WTP for NHI in Asia.


In Asia (Saudi Arabia and Malaysia), there was no significant difference between participants who owned PHI and those who did not (OR = 1.02, 95% CI: 0.65–1.39) to pay for NHI. However, the association between ownership of having alternative health insurance and WTP for NHI was not significant (Figure 10).
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FIGURE 10
 The strength of the relationship between alternative health insurance ownership and the WTP for NHI in Asia.


Though the strength of association was not significant, the combined result of two studies from Africa (Sierra Leone) and Asia (Malaysia) showed that participants with good awareness about the scheme were 4.26 times more likely to pay for it (OR = 4.26, 95% CI: −1.17–9.69) than those with poor awareness. However, in both individual studies or sub-groups, awareness had a significant relationship with the WTP for NHI (Figure 11). In Asia, individuals with good awareness were 1.52 more likely (OR = 0.66, 95% CI: 0.49–0.83) to pay for NHI compared to those with poor awareness. Similarly, in Africa, those with good awareness were 7.06 times more likely (OR = 7.06, 95% CI: 5.89–8.23) to pay for it than their counterparts with poor awareness.

[image: Figure 11]

FIGURE 11
 The strength of the relationship between the awareness level of participants about the scheme and the WTP for NHI in Africa and Asia.






Reporting bias and certainty of evidence

The I2 statistic was used to measure between-study heterogeneity, which showed that the overall I2 value was greater than 50% (99.51%). To control the influence of each study on the combined result, measured as percentages of weights, a random-effects model was used to calculate the pooled WTP for NHI. To identify the source of heterogeneity, we conducted a test for the subgroup difference based on continents, which was significant (p = 0.039). To determine if there was publication bias between studies (asymmetry or the effect of small studies), we drew a Doi plot (Figure 12) that provided an LFK index of −1.67 and showed minor asymmetry.
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FIGURE 12
 A Doi plot to assess publication bias between the included studies.


A sensitivity analysis was also conducted to identify outlier studies. Accordingly, seven studies were found to be outliers (88, 91, 93, 94, 96, 99, 101), and the pooled estimate (effect size) was influenced by the inclusion and exclusion of these studies. Nevertheless, as shown in Figure 13, when we adjusted for outliers using a random effects model, all of the included studies (n = 12) were found not to be outliers. Therefore, we combined the data using a random effects model without excluding any outliers. Yet, the WTP for NHI was higher in Africa compared to Asia.
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FIGURE 13
 A sensitivity analysis to identify outlier studies from the included studies using the random effects model.





Discussion

Due to the diverse preferences of individuals, the WTP might be a very subjective measure of their intention to use health insurance. As a result, it might be affected by a variety of broad issues, like the nature of the healthcare market, information asymmetry, the psychosocial inclinations of individuals, the contexts in individual nations, the culture of a specific or defined community, health service valuation techniques or perceptions of peoples, the development level of countries, political dynamics and health policy, disease distribution and frequency, the quality of healthcare services, health system structure and taxation, reimbursement mechanisms, and the type of benefit packages to be covered, among others. The differences in the health systems of individual countries are perhaps the most crucial factors, as they shape the overall healthcare environment and are thus central to our well-being and livelihood. Should they collapse or experience disruption, it would impact the entire healthcare market and the overall sustainability of our economy (105). On the other hand, health insurance is not universally available in all developing countries, and the most cost-efficient approach to promoting health is unclear, which is a central policy concern in health economics (106). Furthermore, health insurance coverage varies greatly among different countries (107). Therefore, our discussion was not merely dependent on the specific results of this systematic review and meta-analysis; rather, we tried to deeply debate, compare, contrast, and comprehend various issues and evidence while being within the scope and context of our review and its findings.


Prevalence of the willingness to pay

This systematic review and meta-analysis found that the pooled WTP for NHI in Africa and Asia was 71.0% (95% CI: 68–75%). Though the difference was not significant (p = 0.680), the WTP for the scheme in Africa (73.0, 95% CI: 65.0–80.0%) was higher than that in Asia (71.0, 95% CI: 66–75%). This is comparable to the findings of a primary study conducted in St. Vincent and the Grenadines, a Caribbean country, which reported that the WTP for NHI was 72.3% (108). From this evidence, one can easily extrapolate that the mean of the three percentages (73.0% in Africa, 71.0% in Asia, and 72.0% in Latin America) was 72.0%, which was approximately equivalent to the pooled WTP data mentioned above. This, in turn, indicates that the WTP for the scheme across the three continents was noteworthy, with minimal differences. Despite this appreciable WTP for NHI, the UHC on these continents, particularly in Africa and Asia, is still the lowest, and access to essential health services remains at a worrying level (109).

Chen et al. (110) noted that attaining UHC is difficult due to various factors globally and on these continents. Primarily, LMICs lack the funds required for UHC (110). As a result, OOP payments remained the single most common healthcare financing option in LICs, which can create a health protection gap (HPG) (111), a shortfall in finances to fund health expenditures (38). HPG is the portion of uninsured losses in total losses, or it is the sum of financially stressful OOP expenditures and the estimated cost of non-treatment due to unaffordability (111). In areas with weak financial protection, HPG, or catastrophic spending, is primarily driven by OOP payments (112). For instance, in SSA, the pooled annual incidence of catastrophic health expenditure (CHE) was 16.5%, with countries in central SSA having the highest incidence while those in southern SSA had the lowest (113). Additionally, health insurance coverage is both insufficient and unbalanced (110). These two reasons dictate that development partners should align financial and technical assistance with national health priorities, establish accountability mechanisms for resource efficiency, and strengthen national health accounts to monitor allocations and expenditures, as health financing is a global responsibility that requires solidarity and collective effort (114).

However, without controlling for outliers, the combined WTP for the scheme was 66.0% (95% CI: 54.0–77.0%), 77.0% (95% CI: 63–91%) in Africa, and 56.0% (95% CI: 41–70%) in Asia, which indicated a significant difference in the WTP for the scheme between the two continents (p = 0.039). In both scenarios, with and without outlier studies, the review indicated that the WTP for the scheme was higher in Africa than in Asia, which might be due to the heterogeneity in health insurance preference between the two continents’ populations, as reported by a study in Australia (115). The lower WTP for NHI in Asia might be attributable to the fact that the included studies for meta-analysis were from only three countries, as opposed to six nations in Africa. This slight lower WTP for the scheme in Asia contrasted with the evidence that consumers bear a disproportionate share of healthcare costs as OOP expenses due to inadequate UHC and the middle class’s demand for high-quality care, which in turn is expected to significantly increase their demand for health insurance (116). In Africa, even higher aggregate proportions of WTP for health insurance were reported. For instance, a cross-sectional study in seven East and West African communities revealed a 78.8% WTP for health insurance, exceeding the results of our review (60).

In fact, several African countries have recently made significant progress in extending UHC (117), as highlighted by the Africa Health Strategy 2016–2030, which aimed to strengthen national health systems as a crucial step towards achieving UHC (114). However, the rate of UHC varies significantly among countries (117). Cashin et al. (118) state that SSA is increasingly adopting public contributory health insurance for UHC, with eight countries having NHI systems and seven more considering or enacting laws. Gabon, Ghana, and Rwanda have notably extended NHI to cover large population segments, demonstrating that clear goals, equity-focused designs, strong political will, and ongoing adaptation are key to facilitating UHC through NHI (118). To that end, the WHO is collaborating with the African Union and the Africa Centers for Disease Control (CDC) to establish the African Medicines Agency (AMA). This important regulatory authority aims to improve access to medicines in Africa, where many nations struggle with pharmaceutical regulation. A vital part of this effort is guaranteeing a reliable supply of safe, effective, and high-quality medicines across the continent (119).

Nonetheless, due to the inherent drawbacks of WTP studies, it cannot necessarily be said that the demand for health insurance is higher in Africa than in Asia (120). For instance, even in Asia, an original study conducted in Indonesia reported that the ability to pay (ATP) was greater than the WTP (121). Another original study conducted in the same country showed that about 57.6% of the participants were able to pay for NHI, but only 17.4% of them were willing to pay the required premium (96). This indicates that an individual’s WTP may not align with their ability to pay (ATP), despite WTP being directly related to household income or the ATP (122). This in turn might be due to the fact that an ATP approach assumes all resources are available for healthcare, while a capacity to pay (CTP) approach considers some resources for basic needs. The CTP for healthcare is defined as a household’s consumption minus a standard amount for basic needs, known as the poverty line or basic needs line (123).

Accordingly, ATP could be a more accurate predictor of enrollment, continuity, and sustainability than WTP (122), whereas, since it is the level of contribution that would prevent an individual from falling below the poverty line, CTP could be a better indicator of the WTP (set premium amount). As a result, placing all participants together in a single pool and mandating contributions based on their CTP instead of individual or average pool risk can enable cross-subsidization and, depending on the extent of pooled resources, greatly improve financial protection for all members (124). Moreover, governments should not rely solely on household premiums as a primary source of financing but should enhance their fiscal capacity through alternative means to support an equitable healthcare system (125). This is because resilient and equitable health systems with strong population coverage are crucial for preparing for health emergencies and ensuring equity, the right to health, and justice for all people (126).

The other reason that the WTP might not be as accurate as ATP and CTP is that the responses can be biased because respondents either want to please the interviewer, indicating a high WTP, or they aim to ensure the intervention is offered at a low cost, reflecting a low WTP (127); consequently, what people say they are willing to pay may not correspond to what they actually would pay (120). The former bias is termed social desirability bias (SDB), which is a pervasive measurement challenge, particularly in the social sciences and survey research (128). This bias can increase the WTP by approximately 23–29% if surveys are administered through face-to-face interviews (129). It is more common in collectivist cultures, which tend to engage more in deception and socially desirable responses (128). That is because collectivistic cultures prioritize social harmony over personal goals, promoting forbearance and enduring adversity as coping mechanisms to maintain positive social relations (130).

Inversely, this social cohesion can have invisible benefits and can serve as a strategic tool in community-based healthcare interventions. Evidence shows that collectivistic individuals are more likely to adhere to public health interventions than their less collectivistic counterparts (131), with collectivistic leadership interventions have shown positive results (132). Hence, because healthcare spending is a critical expense for most nations and their citizens to ensure they stay healthy and receive proper care (133), and collectivism is common in the traditional societies (Asia, Latin America, and Africa) than in Western Europe, North America, and Australia (134), healthcare leaders in Africa and Asia may consider collective leadership as a strategy to achieve UHC through NHI.

Though our finding showed a higher WTP for NHI in Africa, the population generally exhibits low satisfaction levels with their healthcare systems compared to other regions globally. This persists despite significant investments from international donors and African governments, as the healthcare sector continues to struggle with issues such as limited access, corruption, infrastructural deficiencies, and medication and personnel shortages (135). On the contrary, beside the health workforce, the implementation of comprehensive NHI itself requires human resources, all of which contribute to the promotion of noble goals for everyone’s well-being (136). The primary challenge caused by funding shortages in many African countries is that their health financing systems’ strategies and mechanisms are problematic. In nearly half of these nations, household OOP payments make up 40% or more of total health expenditure, representing the least equitable method of healthcare funding (137). For instance, the health insurance coverage in the SSA is limited and favors the wealthy (138). This indicated that the majority of health care funding in SSA comes from direct OOP payments, predominantly from lower-income households (139). Donor funding is another common source of finance (139). As a result, less than half of Africa’s population (48%) has access to necessary healthcare, with the quality of services being substandard. Every year, 97 million Africans, or 8.2% of the population, face CHE, and these OOP costs drive 15 million people into poverty annually (119).

In contrast to the slightly lower WTP for NHI than Africa, estimates for Asian people were the lowest globally for delaying or foregoing care due to cost (4%) (140), because Asian individuals possess the lowest rate of being uninsured (141). Though UHC is thought to be a system that offers coverage to a vast majority of the population, the exact percentage required for it to be considered universal is debated. Some experts argue that coverage must extend to 99% of citizens and residents, whereas others believe a 90% threshold is sufficient (140). On the other hand, progress varies by country. Indonesia has advanced in health service coverage and financing, yet faces implementation challenges. Ghana’s health funding has decreased, with under 50% achievement in the UHC service coverage index. India still contends with high OOP expenses and low public health financing. Kenya still faces challenges in using public financing to enhance coverage for the informal sector, while South Africa has made little progress in strategic purchasing (142).

The disparity in population coverage could stem from the fact that many African countries adopt CBHI, characterized by fragmented coverage, whereas Asian countries prioritize SHI, which is typically more integrated (143). This demonstrates that the fragmentation and inequity caused by targeting specific population groups with various prepayment mechanisms can be addressed by harmonizing these schemes early on. Thus, it is advisable to implement strong public accountability and participation when formulating the UHC strategy (144) through equitable NHI schemes (139). In fact, most countries now prefer mixed NHI systems, learning from past experiences. These systems are not primarily funded by contributions but rather by significant tax-financed subsidies, resulting in a blend of contribution payments and government revenues. NHI schemes are thought to improve equity and reduce barriers to access in LMICs through two features: pooling, whereby financial risk is spread across the population, and pre-payment, the collection of financial resources in anticipation of service use rather than out-of-pocket payments when health care is consumed. Accordingly, a growing number of LMICs are considering rolling out NHI schemes (145).

However, there are various challenges with the implementation of NHI schemes in LMICs. Friebel et al. (145) identified several obstacles to implementing SHI or NHI programs in LMICs. Firstly, LMICs often have limited fiscal capacity compared to wealthier nations. Secondly, countries with smaller workforces may struggle to generate adequate funds for UHC. Lastly, the administrative expenses of NHI plans and the costs associated with collecting contributions are frequently overlooked (145). According to a systematic review by Lim et al. (146), the health financing challenges in Southeast Asian countries for UHC are unsustainable revenue-raising methods, fragmented health insurance schemes, a mismatch between insurance benefits and the needs of the population, political and legislative apathy, unmanageable and swiftly escalating healthcare costs, and unethical behaviors (146). A study by Oleribe et al. (147) reported that inadequate human resources, insufficient budgetary allocation to health, and poor leadership and management are key challenges facing healthcare systems in Africa on the path to UHC through health insurance (147). According to a qualitative study in Nepal, the major bottlenecks for the implementation of the NHI program included difficulty enrolling insurees, non-competitive selection of health providers, and failure to act as a prudent purchaser, leading to high dropout rates and low coverage of poor households, potentially jeopardizing the program’s sustainability if these problems persist (148).



Factors influencing the willingness to pay

The factors affecting the WTP for NHI were thematically identified as demographic variables, income and economic issues, information level and information sources, illness and illness expenditure, health service factors, factors related to financing schemes, and social network and social solidarity. According to systematic reviews conducted in the context of LMICs on the uptake of CBHI, these factors not only affect the WTP for health insurance but also its uptake (149, 150). Another piece of evidence also showed that the choice of health insurance is influenced by a variety of factors, which can be broadly categorized into personal, economic, and external factors. Personal factors include age, health status, and income, as well as awareness, financial security, lifestyle, and risk cover. Economic factors encompass income and the cost of insurance packages, while external factors involve awareness, company-related information, risk, promotion, tax benefits, and advertising. Additionally, personality traits and clients’ preferences play a role in their choice of health insurance, often driven by social and behavioral factors (151). A systematic review of the WTP for SHI in Ethiopia also found that sociodemographic factors, health status, health service-related factors, awareness, perception, and scheme-related factors were significant determinants of the WTP (152).


Socio-demographic factors

Under this theme, the WTP for NHI was found to be influenced by family size, age, marital status, gender, area of residence, and level of education. Accordingly, some studies have reported that WTP for the scheme increased with family size (83, 85, 92, 101), while others have found a negative relationship between household size and WTP for the scheme (84, 89, 93). Other reviews and original studies conducted worldwide have also shown inconsistent findings regarding the relationship between family size and the WTP for NHI. For instance, a systematic review of WTP for health insurance in LMICs showed that an increase in family size was consistently correlated with higher WTP (125), while another systematic review on the uptake of health insurance in Zambia found that families with more children were less likely to contribute sustainably to health services (153). The inverse relationship between family size and the WTP for NHI may be attributed to the fact that larger families could reduce the likelihood of affording premiums (84). Or, in some countries, an extra contribution is required for each increase in family size, which may dissuade household heads from paying more (92).

This systematic review found that age was a consistent negative predictor of WTP for NHI (84, 86, 87, 90, 94, 95, 99); that is, WTP for the NHI scheme consistently decreased with increasing age. This dictates that the slightly higher WTP for NHI in Africa may be due to the continent’s youngest population, with 70% of SSA under 30 years old (154). Similarly, original studies in Germany (155), St. Vincent and the Grenadines (108), Malaysia (156), Ghana (157), and Vietnam (158), as well as systematic reviews in LMICs (125, 159), showed that the WTP for health insurance and membership was positively associated with younger age groups. However, some other original studies, such as the one conducted in Indonesia among non-salaried participants (160), Ghana (161), and in LMICs (Europe and the Eastern Mediterranean, Latin America and the Caribbean, Southeast Asia and the Western Pacific, and SSA) (162), found that older people were more likely to have health insurance and a lower probability of dropping out compared to younger adults (163). The findings of this review contradict the common belief that seniors, due to chronic illnesses or pre-existing conditions, face higher health risks and thus require increased utilization of health insurance plans (164), resulting in higher premiums than those paid by younger individuals, leading to adverse selection (165, 166). The possible reason could be that OOP payments for healthcare, which are common among older adults, significantly affect disposable income (167), which could be attributed to the inability of health insurance to provide equitable access due to limited service benefits and restricted use of services within schemes (168). Another reason may be that as people age, their supplemental income sources decrease, rendering them unable to afford the premium (169). Consequently, older individuals may have a reduced capacity to pay for necessary healthcare (170), which results in their exclusion from quality health services (171), indicating that inequity may arise in the provision of healthcare (172). Nevertheless, proactively addressing priorities can lead to the development of strategies that promote better health and equitable, goal-directed care for older adults (173).

Regarding the influence of marital status on the WTP for NHI, married households were less likely to pay compared to their single or unmarried counterparts (85, 86, 95). A study in SSA also revealed that married women’s health insurance coverage is only 21.3%, with the highest and lowest coverage in Ghana (66.7%) and Burkina Faso (0.5%). Women with household decision-making autonomy had higher odds of health insurance enrollment compared to those without such autonomy (174). A study in China found that marriage positively impacts participation in commercial health insurance, suggesting that married residents are more likely to invest in such insurance (175).

The reports on the influence of gender on WTP for NHI from the included studies were inconsistent, akin to those concerning family size. The pooled odds ratio (OR = 0.99, 95% CI: 0.75–1.23) also showed no difference between males and females in the WTP for NHI. Some studies indicated that households headed by females had a higher likelihood of WTP for NHI (85, 86, 90, 94), whereas other studies found that males were more inclined to pay (91, 97, 100, 101), which was similar to an original study in Burkina Faso showing that men were more willing to pay to join health insurance than women (176).

The report on the included studies concerning the influence of place of residence on WTP for NHI was inconsistent, similar to that of family size and gender, as evidenced by the pooled odds ratio (OR = 1.03, 95% CI: 0.09–1.98). Some of the included studies showed that the WTP for the scheme was negatively related to urban residence (86, 94), while some studies showed the reverse (89), and the other one found an inconclusive finding (90). In another study, health insurance coverage is generally higher in urban areas (177).

The other important sociodemographic variable affecting the WTP for NHI was level of education, in that in most of the included studies, participants who have higher education attainment were more likely to pay for the scheme (83, 89, 94, 95, 98), while in some of them, its influence was found to be inconclusive (90, 91, 101). Similar studies in Malaysia also showed that a higher education level was associated with a higher demand (156) and a higher WTP (125) for health insurance. Another study also found that more educated people were more likely to have health insurance (162), indicating that educational interventions can increase demand for health insurance schemes (178).



Income and economic issues

Factors such as income level, government taxation extent, employment status, and occupation type were categorized under this theme. Most of the included studies (86, 87, 89, 94, 99–101) showed that the WTP for NHI was higher among those with a higher income; the interest to pay for NHI was found to be increased with the household’s income level. Other studies also found that higher income was one of the most positive factors influencing the WTP for health insurance (179–181). In fact, the per capita level of healthcare expenditure is closely linked to the level of per capita income (182), because households with high incomes are more likely to be able to contribute to or pay for health insurance (183), indicating that the wealthy are more likely to be insured in most countries (177). Health insurance schemes in LMICs, despite government efforts, are often not reaching underserved populations and primarily supporting better-off groups (184). However, the health insurance system should ensure healthcare costs are proportional to households’ ability to pay, protect the poor from financial shocks, and improve service accessibility for the poor (185). Yet, governments can effectively reach marginalized and vulnerable populations in LMICs by implementing supportive regulatory, policy, and administrative provisions (186). Though trade-offs are inevitable, there are opportunities to simultaneously improve access, affordability, and equity (187).

Regarding employment status, the studies’ reports were not consistent. Some studies found that those families with a formally employed head were more likely to pay (88, 95, 99), while others reported the opposite (101). Employment status significantly influences an individual’s WTP for health insurance, as higher-income individuals are more likely to afford premiums. This can be evidenced by a study conducted in Ghana, which showed that as income increases or the number of unemployed household members decreases, people are willing to pay higher health insurance premiums (188).



Information level and information sources

Awareness about the scheme, knowledge regarding the scheme, and perceptions about financing healthcare, insurance literacy, and access to the internet were classified under this theme. These variables serve as motivational factors to encourage individuals to adhere to health insurance contribution payments (189). On the other hand, lack of access to information is a significant contributor to the inequality in health insurance subscriptions (190). Our review revealed that awareness level (84, 92, 94), good knowledge (87) and perception (95), insurance literacy, and access to the internet (100) were positively related to the WTP for NHI. However, some studies reported that level of awareness (98), good knowledge (95), and good perception (89) were negatively related to the WTP for the scheme. Though it was not significant, from the pooled ORs of two of the included studies, households with awareness of the scheme were 4.26 times more likely to pay for it (OR = 4.26, 95% CI: 1.17–9.69) than those without awareness. In support of our finding, a study conducted in Uganda revealed that awareness plays a crucial role in determining the demand for health insurance (191). Another study also showed that media exposure significantly contributed to the pro-rich distribution of health insurance coverage (182). However, studies showed that, for instance, in Nigeria, awareness of health insurance was low (192).



Illness and illness expenditure

Illness condition, illness experiences, and previous healthcare expenditure were important variables determining the WTP for NHI. In some of the included studies (84, 89, 95, 101), illness experience was negatively related to the WTP for NHI, while in others (86, 93, 98), it was positively related. The pooled OR from five of the included studies also revealed that illness experience did not significantly influence the WTP for NHI (OR = 1.01, 95% CI: 0.43–1.60). According to a study in Vietnam, decision-making regarding healthcare expenditure hinges heavily on an individual’s health status and their certainty about the future (193).

Experience of previous healthcare expenditure for healthcare services (inpatient and outpatient) was positively related to the WTP for NHI (100). This might be due to the fact that past high healthcare expenses have increased awareness of financial risks, leading to an increased WTP for health insurance and a reminder of potential medical care needs. However, a cross-sectional study among seven communities in East and West Africa showed that previous spending on healthcare was found to decrease the likelihood of being willing to pay for a health insurance scheme (60), which could be associated with poor quality health services.



Health service factors

These factors included the availability of hospitals, type of usual healthcare provider, place of treatment, inpatient and/or outpatient service, and quality of healthcare services. Hospital availability at district level (100), healthcare provider type (public hospital) and health service utilization (inpatient) (101), and health service quality (89, 90) were found to be positively related to the WTP for NHI. The pooled OR from two of the included studies showed that those who used healthcare services at public health facilities were 1.68 times more likely (OR = 1.68, 95% CI: −0.76-4.12) to pay for NHI compared to participants who did not use services at public health facilities, though it was not significant.

Another review also emphasized the importance of preserving health services’ equitability, affordability, and quality as crucial features (194). However, the lack of access to and unaffordable healthcare remain significant challenges faced by households worldwide (195), particularly in Africa, which faces numerous challenges in accessing medicines (196). For instance, in Egypt, governmental health expenditure accounts for one-third of total health expenditure, with OOP expenditure accounting for over 60.0% and the Ministry of Finance contributing 37.0% (197), which disproportionately burdens the poor (198). This showed that equity in financing health systems is hindered by direct payments, inadequate insurance coverage, and insufficient tax exemptions (199). Yet, NHI can improve health service accessibility and financial protection, especially for low-income individuals (200). This is because increased health insurance coverage generally leads to an increase in access to healthcare facilities (201) and can effectively manage service disparities if standardized benefit packages are implemented (202).

The UHC Coalition and WHO have incorporated quality as the fourth dimension of UHC (203), because it can significantly enhance the likelihood of achieving desired health outcomes (204). On the other hand, poor-quality services hinder UHC (205). Quality of care is therefore crucial for UHC and can be achieved through good leadership, robust planning, and intelligent investment in all settings (206). This implies that a comprehensive healthcare system should meet local needs, prioritize high-quality primary care, and involve individuals and communities in service design, delivery, assessment, and improvement (205). As a result, a well-designed national quality policy is crucial for countries to enhance health service access and outcomes, as quality is a multifaceted concept requiring strategic interventions (207). Unless, health insurance may improve structural quality but not quality measures, service delivery efficiency, or equitable benefit distribution (208).



Factors related to financing schemes

Factors related to financing schemes, such as trust in the scheme, insurance preference, having alternative health insurance, the impression of paying, and the type of health insurance plan, can greatly affect the WTP for NHI. Scheme trust and preference (84), level of health insurance plan (101), and having alternative health insurance (95) were found to influence the WTP for NHI positively, while the impression of paying more (85) and having alternative health insurance (86, 89, 92) were found to influence it negatively. Another study also found that enrolling in another health insurance scheme reduced the WTP for the scheme (60). However, the pooled OR from three of the included studies indicated that there was no significant difference between participants who owned alternative health insurance and those who did not (OR = 1.02, 95% CI: 0.65–1.39) to pay for NHI.

Another review also found that scheme trust, low and flexible contribution rates, benefit packages, government subsidies, and the quality of scheme administration significantly influence enrolment and contributions (183). The findings of our review differ from those of a Ugandan study, which revealed that patients without microfinance schemes are 76% less likely to enroll in a NHI scheme (209). In any way, the sub-Saharan and southeast Asian regions face challenges in health insurance development, including demand, supply, and regulatory aspects (210, 211). There are also unfavorable attitudes towards health insurance coverage even in developed countries, with 60% of Americans believing the federal government is responsible for ensuring UHC (212).



Social capital and solidarity

The review found that level of empowerment was found to be positively linked with the WTP for NHI, while group and network connection and social capital cohesion and inclusion were negatively linked with it (93). Another study reported that demand for health insurance is affected by social networks (213), while a study in Nigeria identified cultural and religious norms and poor social infrastructure as common barriers to adopting the NHI (214).




Policy and practical implications

The combination of social insurance and taxes in healthcare financing systems in LMICs is known to be effective when supported by political commitment and family-based membership, contributing to rapid population coverage and leading to UHC. Effective healthcare purchasing and provider regulation are also crucial for sustainability (30), as successful universal healthcare schemes follow standard country-wide rules, combining decentralized financial management with centralized oversight and risk pooling (117). Based on the review results, it is strongly recommended to consider economic factors, particularly income levels and age stratification, in the design characteristics of the scheme and implementation strategies. Since all successful schemes offer free health coverage for the poorest segments (117), considering these factors in designing, implementing, monitoring, and evaluating is highly recommended to minimize adverse selection when determining eligibility for indigent services among poor families.



Limitations

The data was pooled despite the high heterogeneity between the reports of the included studies. We could not be able to calculate and pool the exact amount of the WTP in monetary value due to the differences in the exchange rates between the countries. As a result, we only pooled the percentage of participants who were found to be willing to pay. Additionally, since the included studies were few in number, the result could not necessarily be generalizable to all other countries on the continents other than the countries from which the studies were included.



Directions for future research

Since the WTP for a health intervention before any actual health adversity or experience is highly influenced by an individual’s feelings and intentions, comprehensive exploratory studies regarding the perceptions and sociocultural beliefs of NHI in Africa and Asia may be important. It might also be important to conduct actuarial analyses to measure the success of NHI implementation, which may help evaluate the effectiveness of the scheme and revise the design and implementation strategies.




Conclusion

The WTP for NHI in Africa and Asia was moderate, while it was slightly higher in Africa than Asia. The factors affecting it were thematically identified as demographic variables, income and economic issues, information level and information sources, illness and illness expenditure, health service factors, factors related to financing schemes, and social network and social solidarity. Age was found to be consistently and negatively related to the WTP for NHI, while higher income level was almost consistently and positively related to it, which might in turn indicate that income level might decrease with increased age due to a decrease in economic productivity.
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Introduction: Village clinics (VCs) are the foundation of the three-tiered health service system in China, delivering basic and routine outpatient services to citizens in rural China. VC technical efficiency and its convergence play a critical role in policy decisions regarding the distribution of health service resources in rural China.

Methods: This study measured VC technical efficiency (using the slacks-based measure model), its convergence (using the convergence model), and the factors that influence the convergence in Shanxi Province, China. Data were obtained from the Shanxi Rural Health Institute 2014–2018 Health Statistics Report, which involved 3,543 VCs.

Results: The results showed that VC technical efficiency was low and differed by region. There was no α convergence in VC technical efficiency, but evidence of β convergence was found in Shanxi. The main factors that influence convergence were the building area of each VC (BA), proportion of government subsidies (PGS), and ratio of total expenditure to total income of each VC (RTETI).

Conclusion: The government should increase investments in VCs and improve VC technical efficiency. Meanwhile, the government should be aware of and take measures to curb the inequity in VC technical efficiency among different regions and take suitable measures to curb this disparity.
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1 Introduction

China's three-tiered rural health service system comprises three types of primary healthcare institutions (PHCIs): village clinics (VCs), township health centers, and county hospitals. VCs serve as the foundation of the three-tiered health service system, delivering basic and routine outpatient services to local villagers and undertaking important responsibilities for citizens residing in rural areas (1). According to the statistics of the National Health Commission of the People's Republic of China (2), the number of visits to VCs was >1.3 billion in 2021, accounting for >31% of visits to PHCIs.

VC technical efficiency represents VCs' ability to transform health inputs into outputs. Since China's healthcare reform in 2009, the Chinese government has increased health resource investments in rural areas to provide high-quality healthcare for rural citizens, including improving VC technical efficiency (3). However, due to differences in economic development, VC technical efficiency considerably varies among regions (4). This disparity in the efficiency levels of VCs indicates an imbalanced distribution of health resources among VCs (5). Policymakers need to understand the VC technical efficiency level and assess whether there has been progress in reducing the inequity of VC technical efficiency in rural areas over time.

The convergence of VC technical efficiency can be used to assess the changing tendency of inequity of resource allocation applied to the healthcare field (6–8). Undoubtedly, the convergence of VC technical efficiency plays a critical role in health resource distribution for policymakers in China. First, if VC technical efficiency is found to converge to a steady-state level, policymakers can formulate a comprehensive medical and health resource policy that is applicable across the field. Conversely, if convergence is not achieved, a set of distinct policies can be formulated to ensure convergence. Second, establishing health resource policies that help VC technical efficiency converge to a steady-state level improves not only health resource allocation equity but also health resource utilization efficiency in China's rural areas. In addition, it is crucial for the government to understand how to intervene in the convergence in order to implement precise measures to narrow the VC technical efficiency differences between rural areas in China.

For the abovementioned purposes, this study measured VC technical efficiency, the convergence of VC technical efficiency, and the factors that affect convergence. Overall, this study answered the following critical questions: (1) What is the level of VC technical efficiency in rural areas of China? (2) Is VC technical efficiency converging? and (3) What factors influence the convergence of VC technical efficiency?

The structure of the article is as follows. Section 2 provides an overview of the relevant research literature. Section 3 introduces the methods in detail. Section 4 presents the research results. Section 5 reports the discussion. Section 6 presents the conclusion and limitations of the study.



2 Literature review

An increasing number of studies have been conducted on the efficiency of rural health institutions (9–13). The efficiency of rural health institutions in China is garnering increased research attention, with the majority focusing on hospitals in counties and towns. For instance, Zhong et al. estimated the efficiency of PHCIs and its influencing factors across 86 counties in Hunan Province. They found that, although the quantity of health resources in PHCIs in Hunan Province has increased significantly, PHCIs remain inefficient in most counties (14). Similarly, Zheng et al. analyzed the efficiency of China's rural township-level medical service systems during 2013–2017 and found that 11 out of 27 provinces were inefficient and 10 out of 27 provinces had lower efficiency than the average scores (4). Similarly, Zhang et al. measured the efficiency and productivity of primary healthcare resource allocation in China and found that >80% of the provinces had inefficient PHCIs and the productivity of the PHCIs declined by 0.6% from 2012 to 2016 (15).

Although several studies have explored VCs, they mainly focused on VC medical waste management and VC utilization and its determinants. For instance, Gao et al. analyzed VC medical waste management based on survey data and found that the average rate of medical waste generation in the sampled VCs was ~0.65 kg/day or 0.17 kg/patient/day, and the total quantity of medical waste generated was noteworthy (16). Chen et al. estimated that the probability that individuals sought care at VCs when ill decreased by 44% between 2011 and 2018, whereas the utilization of outpatient services in county hospitals increased by 56% and patient self-treatment increased by 20% (1). Bark et al. found that VC utilization can be explained by economic status and walking time to VCs (17).

Convergence was initially used to analyze economic growth and gaps among countries or regions (18, 19), and later, it was used by a small number of studies to analyze factors related to healthcare systems. Gächter et al. analyzed the convergence of age-standardized mortality (as an indicator of health status) and found evidence of absolute and conditional β-convergence but no α-convergence (20). Traoré examined the convergence of public health expenditure among sub-Saharan African countries and found no evidence of convergence (21). Zhang et al. assessed the convergence of China's regional government health expenditure and found evidence of α convergence and β convergence (8). Shen et al. analyzed the convergence of healthcare resource supply in the Yangtze River Delta region in China and revealed that it increased significantly and converged rapidly (22). Kasman et al. investigated whether convergence existed in technical efficiency and productivity levels of the healthcare systems of 26 EU members and an EU candidate country; they found evidence of both α convergence and β convergence (23).

The literature review indicates that studies generally focus only on assessing the efficiency of hospitals in counties and towns. The issue of convergence has been examined mostly in the context of health expenditures and health outcomes. Unlike the existing literature, this study conducted a convergence analysis to identify convergence of technical efficiency among VCs and determined the factors that affect convergence. This finding provides a basis to optimize the dynamic management of rural health resources to promote rational health resource allocation.



3 Methods


3.1 Study area and data collection

Shanxi Province, located in central China, has a population of 34.81 million and had a gross domestic product per capita of RMB¥73,675 in 2022 (24). Shanxi has 26,355 VCs, ranking 7th among 31 provinces/municipalities in China in terms of the number of VCs. These VCs provide medical services to 12.73 million rural residents in Shanxi (36.6% of the population) every year (2).

Data were collected from the Shanxi Rural Health Institute 2014–2018 Health Statistics Report (25), and 3,543 VCs were analyzed (13.44% of VCs in Shanxi). These VCs were selected from 100 counties (including prefecture-level cities and municipal districts) in 11 cities of Shanxi (Figure 1).


[image: Figure 1]
FIGURE 1
 Number of village clinics (VCs) sampled in each county of Shanxi Province.




3.2 Technical efficiency analysis

Data envelopment analysis (DEA), which can be used to measure VC technical efficiency, has been widely used in previous research (26–33). However, conventional radial DEA models, such as the Constant Returns to Scale Ratio Model (CCR model) proposed by Charnes, Cooper, and Rhodes) and Variable Returns to Scale Model (BCC model) proposed by Banker, Charnes, and Cooper), only include the proportion of all inputs or outputs reduced or increased. When measuring an institution's efficiency, the effect of slack variables is not considered, which may result in the deviation of the efficiency estimate from the ground truth. Tone proposed a slacks-based measure (SBM) model (as a function of the farthest distance to the efficiency frontier) that solved the problem of radial DEA models not including slack variables (34, 35). The present study adopted the following SBM model (Equation 1):
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where m and q are inputs and outputs, respectively, of each VC, xik andyrk are the ith input and the rth output, respectively, of the VC, s− and s+ are the slack variables of the ith input and rth output, respectively, and [image: image] and [image: image] are the inefficiencies of the ith input and rth output, respectively. Regarding the constraints (Equation 2), xk and yk are the input and output, respectively, of the kth VC, λ is the adjustment matrix, xλ and yλ are the input and output, respectively, of the frontier production line, s− and s+ are the slack variables of the input and output, respectively, and ρ lies between 0 and 1. If ρ = 1, the VC is highly effective and located at the efficiency frontier, and each slack is 0. If is close to 0, the VC is inefficient.

Unlike town and county hospitals, VCs mainly provide rural citizens with general diagnosis and treatment, along with referrals for common diseases. Therefore, VC input and output indicators are considerably different from those of county and town hospitals. We selected input and output variables based on the input and output variables in the literature (36–38), combined with the characteristics of VCs. The input variables were the number of rural doctors, the number of rural doctors who underwent technical training, the quantity of medical equipment, and drug expenditure (Table 1). The output variables were the number of patients who visited and income from essential drugs (Table 1). The number of rural doctors who underwent technical training was chosen as an input variable because the increased training can improve doctors' medical service capabilities and promote their efficiency. Management Measures of VCs (Trial Implementation), issued by the National Health Commission of the People's Republic of China, clearly proposed to establish a VC training system and encourage doctors employed in VCs to receive further medical education (39).


TABLE 1 Input and output variables of a technical efficiency measurement model.
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3.3 Convergence analysis

Convergence analysis is used to identify whether there is inequity of VC technical efficiency among different VCs and the factors that affect the convergence. There are two types of convergence analysis: α convergence and β convergence (40).


3.3.1 α convergence

α convergence refers to the process whereby the VC technical efficiency changes over time. α convergence (Equation 3) was calculated based on the coefficient of variation (CV) of VC technical efficiency, as follows (41).

[image: image]

where TEi is the technical efficiency of the ith VC, and n is the total number of VCs.

If CV decreases over time, the efficiency exhibits α convergence, that is, the disparity in technical efficiency among VCs narrows. By contrast, if CV increases over time, the disparity in technical efficiency among VCs expands.



3.3.2 β convergence

β convergence can be divided into absolute β convergence and conditional β convergence. Absolute β convergence indicates that the lower the initial VC technical efficiency, the higher the average annual growth rate of the efficiency of that VC. Therefore, with the passage of time, the inefficient VCs will gradually reach the same level as the more efficient VCs, resulting in the convergence of the efficiency of VCs to a steady-state level. Conditional β convergence considers the effect of other factors on the average annual growth rate of efficiency. Absolute β convergence (Equation 4) and conditional β convergence (Equation 5) were calculated as follows (42):
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where TEi, t+1 and TEi, t are the technical efficiencies of the ith VC in the periods t+1 and t, respectively, ln (TEi, t+1/TEi, t) is the average annual growth rate of technical efficiency of the ith VC, Xi, t are other variables that affect ln (TEi, t+1/TEi, t), and are the error terms.

A significant and negative β coefficient indicates that the average annual growth rate of the technical efficiency is negatively correlated with the efficiency score in the base period, signifying a “catch-up effect” among VCs. In other words, the VCs with a low initial technical efficiency score have a higher growth rate, and the technical efficiency of all VCs will eventually approach the steady-state level. By contrast, a significant and positive β coefficient indicates a widening disparity in technical efficiency among VCs.

In the conditional β convergence model, the following variables that affect the average annual growth rate of the technical efficiency were considered: the number of people served (PS), building area (BA), proportion of government subsidies (PGS), and ratio of total expenditure to total income (RTETI; Table 2) (43).


TABLE 2 Influencing variables used in convergence analysis of village clinics (VCs).
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4 Results


4.1 VC technical efficiency

Figure 2 shows the VC technical efficiency scores in Shanxi Province during 2014–2018. VC technical efficiency generally showed a fluctuating downward trend, from 0.4196 in 2014 to 0.3764 in 2018. The average scores during 2014–2018 were 0.4196, 0.4423, 0.4304, 0.4325, and 0.3764, respectively, and 57.8% of VCs had efficiency lower than the average score in 2018. In addition, most of the VCs were inefficient (scores < 1), with 3,424 (96.6%), 3,414 (96.4%), 3,432 (96.9%), 3,418 (96.8%), and 3,435 (97.0%) inefficient VCs in 2014–2018, respectively.


[image: Figure 2]
FIGURE 2
 Village clinic (VC) technical efficiency scores in Shanxi from 2014 to 2018.


As for the technical efficiency of VCs of different regions, the average scores of the southern, central, and northern regions were 0.4376, 0.4176, and 0.3584, respectively. The southern region had the highest average score during 2014–2018, while the northern region had the lowest average score, indicating the largest technical efficiency disparity between the southern and northern regions (0.0792). VC technical efficiency in the southern, central, and northern regions also showed a fluctuating downward trend, from 0.4336, 0.4161, and 0.3722, respectively, in 2014 to 0.3970, 0.3732, and 0.3036, respectively, in 2018. The northern region exhibited the largest decline (18.42%).



4.2 Convergence analyses
 
4.2.1 α convergence

The convergence analysis depicted in Figure 3 demonstrated that the CVs of the VC technical efficiency were 0.2080, 0.2203, 0.2149, 0.2181, and 0.2142 for 2014–2018, respectively. For Shanxi VCs, the CVs exhibited an upward trend from 2014 to 2018, indicating an overall divergence trend. However, the trend was unstable; the CV increased from 2014 to 2015, decreased from 2015 to 2016, increased slightly from 2016 to 2017, and finally decreased from 2017 to 2018.
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FIGURE 3
 α convergence of village clinic (VC) technical efficiency in Shanxi from 2014 to 2018.


CVs in the southern and central regions exhibited an overall upward trend from 2014 to 2018, whereas those in the northern region exhibited an overall upward trend from 2014 to 2017 with a slight decline in 2018. These trends indicate the general divergence of VC technical efficiency in these three regions. However, the degree of divergence differed among regions, with the southern and central regions showing a greater degree of divergence than the northern region.



4.2.2 β convergence

A fixed-effect model was adopted for β convergence analysis because the result of Hausman test showed that the statistics for the VCs in Shanxi and the three regions (i.e., southern, central, and northern) were all significant at the 1% level.

Table 3 displays the absolute and conditional β convergence coefficients. β convergence coefficients of the VCs in Shanxi and the three regions were negative and significant, indicating the existence of absolute β convergence of VC technical efficiency, that is, the average annual growth rate of efficiency was negatively correlated with the efficiency score in the base period. This finding suggests that the underdeveloped regions (with a low initial technical efficiency) were catching up with the advanced regions, gradually narrowing the efficiency gap between VCs among the regions. The VC technical efficiency in Shanxi (from the provincial perspective) and that in the three regions (from the regional perspective) tended to converge to a steady-state level.


TABLE 3 β convergence (absolute and conditional) of village clinic (VC) technical efficiency and the influencing factors.
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Control variables were added to the model to assess the conditional β convergence. The coefficients of VC technical efficiency in Shanxi and the three regions remained negative and significant at the 1% level, indicating a significant conditional convergence in these regions.



4.2.3 Factors affecting convergence

In Shanxi, the southern region, and the central region, compared to the coefficient of VC technical efficiency in the absolute β convergence analysis, the absolute value of the coefficient of VC technical efficiency in the conditional β convergence analysis increased (albeit it remained negative), demonstrating that the efficiency disparity among VCs narrowed when controlling for influencing factors. The results of the factors that affect the convergence of VC technical efficiency are presented in Table 3.

First, the PS coefficient was not significant in Shanxi or any of the three regions, indicating that PS had no significant effect on the convergence of VC technical efficiency in these areas. Second, the BA coefficient was positive and significant in Shanxi, the southern region, and the central region at the 1% level, indicating that increased BA lowers the convergence of VC technical efficiency in Shanxi, the southern region, and the central region. By contrast, BA had no significant effect on the convergence of VC technical efficiency in the northern region. Third, the PGS coefficient was negative and significant at the 1% level in Shanxi and the southern, central, and northern regions, indicating that government subsidies accelerate the convergence of VC technical efficiency. Finally, the RTETI coefficient was negative and significant at the 1% level in Shanxi, the southern region, and the central region, indicating that the higher the proportion of total expenditure out of the total income of a VC, the higher the convergence of VC technical efficiency.




4.3 Endogeneity problem

Endogeneity may be an issue because of the causality between the response variable ln (TEi, t+1/TEi, t) (the average annual growth rate of VC technical efficiency) and the explanatory variable ln TEi, t (VC technical efficiency in period t). The main reason is that VC technical efficiency can affect the average annual growth rate, which in turn can affect VC technical efficiency. To resolve the endogeneity problem, lagged values of the endogenous variables (ln TEi, t) were used as instruments (44), and a two-stage least-square approach was employed (45). In addition, because the explanatory variable (ln TEi, t) was the lag term of the response variable [], the generalized method of moments (GMM) was further used for estimation (46). The results shown in Table 4 indicate that the estimated results are robust to endogeneity problems.


TABLE 4 Endogeneity test of β convergence analyses.
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5 Discussion

Since China's new healthcare reform in 2009, the Chinese government has increased investments on health resources for the primary healthcare system in rural areas, including VCs (47). Policymakers must gain a comprehensive understanding of the level of VC technical efficiency in rural areas of China, whether the inequity of VC technical efficiency has diminished over time, and about methods to reduce the disparity of VC efficiency between regions. These insights help in improving the distribution of health resources and health resource utilization efficiency in rural China.

The result of technical efficiency measurement on VCs indicated that VC technical efficiency was low, exhibiting a fluctuating downward trend over time, and there were obvious differences in VC technical efficiency among regions in rural China. These results are supported by Zheng et al. (4), who demonstrated that most provinces of China had inefficient rural medical service systems in 2013–2017 and more than one-third of provinces had lower efficiency scores than the average scores. The low VC technical efficiency can be strongly attributed to the decline in the number of rural doctors and insufficient drug resources. According to the China Health Statistics Yearbook 2022, the number of rural doctors decreased from 1,031,828 in 2010 to only 690,561 in 2021, and there have been mass resignations of rural doctors (48). In addition, the decrease in drug expenditure is significantly related to the limited variety of essential medicines because of the Zero-Markup Policy, as reported by Chen et al. (1). As a result, patients prefer to go to higher-level hospitals (49), causing an insufficient number of patients visiting VCs, which leads to poor VC technical efficiency.

This study used convergence analysis models to evaluate the inequity of VC technical efficiency over time. The analysis results of the convergence of VC technical efficiency provided empirical evidence for the absence of α convergence of VC technical efficiency and the occurrence of β convergence in Shanxi and the southern, central, and northern regions over the sample period ( convergence coefficients were negative and significant). Jing et al. (50) reached similar conclusions. In this study, the absolute α convergence results suggested that, without intervention, VC technical efficiency in different regions tends to diverge over time. By contrast, the β convergence results indicated that, when the characteristics of different regions are considered and policy guidance is strengthened, VC technical efficiency in different regions tends to converge. This indicates decrease in the disparity in VC efficiency, signifying the catch-up phenomenon. More importantly, the results of the conditional β convergence analysis demonstrated that catch-up can be improved if factors such as BA, PGS, and internal revenue and expenditure management (based on their relative advantages) of low-efficiency VCs are optimized. This finding is of great significance to the equity of medical services and the rationality of medical resource allocation in rural areas.

In addition, the results of conditional β convergence showed that the main factors that affect convergence were BA, PGS, and RTETI. (1) Increased BA slowed down the convergence of VC technical efficiency in Shanxi, the southern region, and the central region, whereas there was no such effect in the northern region. The coefficient of BA indicated that the average annual growth rate of the efficiency was positively correlated with the level of BA in the base period; the larger the level of BA in the base period, the higher the average annual growth rate of the efficiency. The BA of high-efficiency VCs was larger than that of low-efficiency VCs (51). With the increase in BA, the high-efficiency VCs exhibited a higher average annual growth rate, thus exacerbating the efficiency inequity among VCs. (2) Increased PGS accelerated the convergence of VC technical efficiency and narrowed the disparity in VC technical efficiency. The coefficient of PGS showed that the average annual growth rate of the efficiency was negatively correlated with the level of PGS in the base period, implying that VCs with low PGS in the base period had a higher average annual growth rate. Government subsidies include subsidies for personnel funding, housing, equipment, and implementation of the essential drugs system. High-efficiency VCs receive more PGS in rural China (52). Furthermore, with the increase in PSG, high-efficiency VCs exhibit a low average annual growth rate, whereas low-efficiency VCs exhibit a high average annual growth rate, thus narrowing the efficiency disparity among VCs. A similar result was reported in a previous study (53), which indicated that government health subsidies were progressive and contributed to the narrowing of the gap between poor and rich regions in China. (3) Similarly, increased RTETI narrowed the disparity in VC technical efficiency. The coefficient of RTETI indicated that the average annual growth rate of efficiency was negatively correlated with the level of RTETI in the base period. This implies that VCs with a smaller RTETI in the base period had a higher average annual growth rate than VCs with a large RTETI. As the expenditure of most VCs arises from local government subsidies (54), high-efficiency VCs can receive more subsidies than low-efficiency VCs, leading to a smalle RTETI of low-efficiency VCs. Therefore, government investments can improve the efficiency of low-efficiency VCs more than that of high-efficiency VCs, thus accelerating the convergence and thereby narrowing the disparity in efficiency between high- and low-efficiency VCs (55).



6 Conclusion and limitations


6.1 Conclusion

This study analyzed the technical efficiency of VCs and its convergence using an efficiency measurement model (SBM) and a convergence model using data from the Shanxi Rural Health Institute 2014–2018 Health Statistics Report. The main conclusions of this study are as follows. First, the VC efficiency from the SBM was low and exhibited obvious differences among regions in rural China. Second there was no α convergence in the VC efficiency, but β convergence occurred in Shanxi and the southern, central, and northern regions over the sample period. Third, the main factors that affect convergence were BA, PGS, and RTETI.

Based on the results, the following policy implications are proposed. First, the government should increase investments in VCs and improve VC technical efficiency by increasing support for rural doctors, including establishing effective promotion mechanisms and providing a higher and more reasonable income (56); improving the Zero-Markup Policy for essential drugs; and increasing drug allocation in VCs (49, 57). Second, the government should be aware of and take measures to curb the inequity in VC technical efficiency among different regions and take suitable measures to curb this disparity. For example, in the southern and central regions, the government should exert moderate control of the scale of VCs, increase government subsidies for VCs, guide VCs to optimize their revenue and expenditure management, and increase PGS regarding low-efficient VCs' expenditure.



6.2 Limitations

This study has the following limitations. First, the selection of variables in the VC technical efficiency measurement model and convergence model needs to be improved. Research on VCs is limited, affecting the selection of variables in this study. Future research should focus on using more suitable variables to evaluate VC technical efficiency and convergence. Second, challenges in collecting data over an extended period exist due to factors such as lack of data, statistical data lags, and the impact of the COVID-19 pandemic. The evaluation of VC technical efficiency was restricted to 2014–2018; therefore, future research should extend the research period.
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Introduction: As an important component of the social security system, basic pension insurance for urban and rural residents is expected to improve the quality of life of rural older adult people and make their lives better and happier. This article mainly studies the relationship between the basic pension for urban and rural residents and the subjective well-being of older adult people in rural China.

Methods: This paper uses data from the China Health and Retirement Longitudinal Study (CHARLS) for the years 2018 and 2020. It selected samples of rural older adult people aged 60 and above, ultimately obtaining 9,310 samples. The impact of the basic pension for urban and rural residents on the subjective well-being of rural older adult people was estimated by constructing Ordinary Least Squares (OLS) estimation methods and ordered logistic regression models. The robustness of the results was verified by changing the regression methods, and the samples were divided into different groups for heterogeneity analysis according to three different standards.

Results: The results show that the basic pension for urban and rural residents significantly improves the life satisfaction of rural older adult, reduces their degrees of depression, and thereby enhances their subjective well-being. The impact of the basic pension for urban and rural residents is more significant for older adult individuals in areas with a higher gender ratio, those suffering from chronic diseases, and those in the eastern regions of the country. Further verification indicates that the basic pension for urban and rural residents enhances the subjective well-being of the rural older adult by improving their health status and reducing their labor supply.

Discussion: Most of the existing research on basic pension insurance for urban and rural residents and subjective well-being has been conducted from the perspective of whether individuals are enrolled in the pension scheme or whether they received a pension. However, there are few studies analyzing from the perspective of the amount of pension benefits received by residents. The results of this study help to enrich the research perspective on the basic pension insurance system for urban and rural residents in China and expand the understanding of the impact and value of the basic pension for urban and rural residents.
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 basic pension insurance for urban and rural residents; basic pension; older adult in rural areas; subjective well-being; degree of depression


1 Introduction and literature review

With the increasing degree of population aging, how to deal with the older adult care issue has become a focus of attention in China. In rural China, the older adult care for most older adult people is still primarily based on family care (1), but the development and changes in society, along with changes in family structure, have continuously increased the burden of family care (2), limiting the function of family care. Therefore, to better guarantee the older adult care life of rural residents, China implemented the New Rural Pension Insurance System in 2009 and merged it with the Urban Resident Pension Insurance into the Urban and Rural Residents Pension Insurance System in 2014, to serve as a supplement to the family care of urban and rural residents.

After the implementation of the basic pension insurance system for urban and rural residents, many domestic scholars have evaluated the impact of this policy on the living conditions and welfare levels of the older adult in rural areas and their families. Some studies indicate that basic pension insurance for urban and rural residents indeed improves the income level of the older adult in rural areas (3), promotes consumption (4), and reduces older adult poverty (5). However, most scholars focus only on the economic welfare aspect, and only a few scholars pay attention to its subjective welfare effects. Existing research points out that participation in basic pension insurance for urban and rural residents can significantly enhance the subjective well-being of the older adult in rural areas. Specifically, on the one hand, the basic pension insurance for urban and rural residents provides an economic source for the older adult, reduces expected risks, and decreases their uncertainty about the future, thereby enhancing well-being (6); on the other hand, by playing a role in income redistribution (7), the basic pension insurance for urban and rural residents alleviates the negative impact of income disparities on well-being, thus enhancing happiness (8). Therefore, studying the relationship between the basic pension for urban and rural residents and the subjective well-being of the older adult in rural areas is of great significance for improving the quality of older adult care for rural residents.

Subjective well-being is the emotional and cognitive overall evaluation of one’s life quality based on subjective experiences of current life (9). By assessing subjective well-being, it is possible to understand the effects of public policy implementation and whether there is an increase in public satisfaction (10). Variables of subjective well-being include broad measures of overall life satisfaction, as well as satisfaction in narrower areas such as household income (11). A review of previous studies finds that explorations into the factors affecting older adult subjective well-being mainly focus on individual characteristics and social characteristics (12). Looking at the factors of individual characteristics, the impact of gender on subjective well-being has not reached a consistent conclusion (13, 14), a study in South Africa found that women rise first and then fall, while men do the opposite (15). There is a U-shaped relationship between age and subjective well-being, and subjective well-being tends to decrease with age before increasing (13, 16). Variables such as health status, education level, and the number of children have a positive correlation with subjective well-being (17–20). In terms of social characteristics, securing an income level can improve the welfare of the older adult (21), and the relationship between income level and subjective well-being is an inverted U-shape, where subjective well-being increases with income to a maximum point and then declines (22, 23). Variables such as unemployment and environmental issues have a negative impact on well-being (24–26), while factors like social relationships are positively correlated with well-being (27).

Moreover, some studies both domestically and internationally have shown that there exists a significant positive relationship between pension systems and the subjective well-being of the older adult (28–31), with pensions providing a reliable source of income for the older adult, reducing the insecurity felt about pensions due to individual resource and economic condition differences, thereby enhancing subjective well-being (32). The level of pension income affects the subjective well-being of the older adult (33), and a generous pension can significantly improve the subjective well-being of the older adult and reduce the incidence of diagnosed depression (34). For the older adult in rural China, pensions have a significant impact on their level of well-being (35), with basic pension insurance for urban and rural residents being one of their main sources of pension income. By the end of 2022, the number of participants in the basic pension insurance for urban and rural residents had reached 549.52 million, essentially achieving full coverage for rural residents. From this, it can be seen that the subjective welfare effects produced by the basic pension insurance for urban and rural residents have a certain impact on the subjective well-being of the older adult.

Although the basic pension insurance system for urban and rural residents has been implemented for over a decade, its level of protection remains very limited, with the actual pension replacement rate far below the target level (36), unable to provide the older adult with sufficient pension security. Looking at the actual operation of the system, due to the weak payment ability of most older adult people in rural areas or their complete lack of ability to pay, the pensions they receive is mainly based on basic pension. Furthermore, the basic pension for urban and rural residents also faces issues such as low benefit levels and slow increase rates, which have not yet achieved the goal of “ensuring basic needs” (37, 38). In this context, it is necessary to increase the level of basic pensions for urban and rural residents to ensure the basic living of the older adult in rural areas, alleviate the burden of family care, and enhance the subjective well-being of the older adult.

In summary, current research has proven that participation in basic pension insurance for urban and rural residents can significantly enhance the subjective well-being of the older adult (39, 40). However, existing studies on the basic pension insurance for urban and rural residents and the subjective well-being of rural older adult people have mostly focused on whether they participate or receive pensions, without much discussion on the relationship between the level of basic pensions and happiness. Therefore, this paper utilizes microdata from the China Health and Retirement Longitudinal Study (CHARLS) for the years 2018 and 2020, constructs OLS and ordered logistic regression models, explores the impact of the basic pension for urban and rural residents on the subjective well-being of rural older adult people, and conducts a mechanism analysis, which is of certain practical significance.

This paper focuses on answering the following three questions: What is the impact of the basic pension for urban and rural residents on the subjective well-being of the rural older adult? How do these effects differ among the older adult of different genders, income levels, and regions? How does the basic pension for urban and rural residents affect the well-being of the older adult? The paper will make contributions in the following two areas: (1) By combining the amount of the basic pension for urban and rural residents with micro data to explore the impact of the basic pension on subjective well-being, and further analyzing the heterogeneity of the impact; (2) Using the mediating effect method to test the impact mechanism of the subjective welfare effect of the basic pension for urban and rural residents.



2 Materials and methods


2.1 Conceptual framework

The primary focus of this paper is the impact of basic pension for urban and rural residents on the subjective well-being of the older adult in rural areas. The outcome variables selected for this study are the degree of depression and life satisfaction. Since life satisfaction is a discrete variable and also a categorical variable, ordered logistic regression is used for estimation. The model is constructed as follows:

[image: image]

In Equation (1), Happinessi represents the life satisfaction of sample i; [image: image] represents the constant term; Pensioni is the level of basic pension received by sample i, represented by the ratio of the local basic pension level to the minimum wage income; [image: image] represents the impact of control variables on subjective well-being for sample i, with control variables including individual characteristic variables, number of children, social relationships, and family income; [image: image] is the random disturbance term.

Given that the degree of depression is a discrete variable, Ordinary Least Squares (OLS) regression is we used for estimation. The model is constructed as follows:

[image: image]

In Equation (2), Depressioni represents the degree of depression of sample i;

[image: image] represents the constant term; Pensioni is the level of basic pension received by sample i, represented by the ratio of the local basic pension level to the minimum wage income; [image: image] represents the impact of control variables on subjective well-being for sample i, with control variables including individual characteristic variables, number of children, social relationships, and family income; [image: image] is the random disturbance term.



2.2 Data

The data used in this study comes from the 2018 and 2020 panel data of the China Health and Retirement Longitudinal Study (CHARLS). The CHARLS project led by the National School of Development at Peking University, aims to collect a set of high-quality microdata to promote interdisciplinary research on aging issues. The national baseline survey of CHARLS began in 2011, and since then, the sample has been followed up and updated every 2–3 years, with new samples added to maintain its relevance. This dataset targets households and individuals aged 45 and above, covering 150 county-level units, 450 village-level units, and approximately 17,000 individuals from 10,000 households. CHARLS data extensively cover the demographic background of respondents, work, retirement and pension status, health condition, medical security, detailed family income, expenditure, asset status, etc., which is an important data source for sociology, economics, demography, and other fields. To study the impact of basic urban and rural pensions on the subjective well-being of the older adult in rural areas, this paper selected samples of rural older adult people aged 60 and above, ultimately obtaining a sample size of 9,310.



2.3 Explained variables

Table 1 shows the variable description. In this paper, the degree of depression and life satisfaction are used as indicators to measure the subjective well-being of the rural older adult (6, 40–43). The degree of depression is calculated based on responses to questions from the short depression scale (CES-D) in the CHARLS questionnaire. The CES-D scale is one of the best screening tools for depressive symptoms in the older adult, known for its high reliability and validity. The depression scale consisted of 10 questions related to the feelings and behaviors of the respondents in the previous week, with each question having the same set of responses: rarely or none of the time, some or a little of the time, occasionally or a moderate amount of time, and most of the time. Answers are assigned scores from 0 to 3; for questions about positive emotions, scores are assigned inversely from 3 to 0. The scores of the 10 questions are then summed and averaged to represent the degree of depression, with higher scores indicating more severe depression (6). Additionally, this paper selects life satisfaction as a positive measure of subjective well-being. The corresponding question in the CHARLS database is “Are you satisfied with your life?” Responses are scored from 1 to 5, corresponding to the options: not satisfied at all, not very satisfied, somewhat satisfied, very satisfied, and completely satisfied, with higher values indicating greater satisfaction.



TABLE 1 Variable description.
[image: Table1]



2.4 Explaining variables

This paper selects the basic pension for urban and rural residents received monthly by the sample individuals to investigate its impact on the subjective well-being of the older adult in rural areas. The data on the basic pensions for urban and rural residents in 2018 and 2020 were organized and matched with the CHARLS micro-database by province. The level of basic pension for urban and rural residents is the core explanatory variable of this paper. Due to the significant differences in the basic pension levels among some provinces, this paper uses the ratio of the basic pension for urban and rural residents to the minimum wage income to represent it.



2.5 Control variables

Referencing existing studies, this article includes individual characteristic variables, number of children, family income, and social relationships as control variables. The individual characteristic variables encompass age, gender, education level, marital status, chronic disease status, and personal income. The subjective well-being of the older adult is the result of the value judgment and subjective feelings of the older adult individuals on their living conditions according to their own wishes and expectations. Generally speaking, age, gender (44), education level, marital status, and other factors will have a positive impact on subjective well-being, but well-being does not necessarily increase simultaneously when income increases (45). The number of children is also an important factor that affect the subjective well-being of the older adult in rural areas, and the number of children has a significant impact on the subjective well-being of the older adult (46, 47). Children can accompany and take care of the older adult, providing spiritual comfort and support to the older adult, so parents with children have higher subjective well-being (48). From the perspective of social relations, Chinese society is a typical relationship-oriented society, “relationship” occupies an important position in the social and economic activities of residents, and plays a very important role. Compared with urban residents, rural residents pay more attention to the harmonious relationship between their neighbors. Studies have shown that social interaction has a positive impact on subjective well-being (49, 50), and the more harmonious the relationship between friends, the higher the well-being (51). Therefore, this article uses the question from the survey, “Have you engaged in the following social activities in the past month?” as a proxy variable for the respondents’ social relationships.



2.6 Mediating variables

Studies have shown that participation in basic pension insurance for urban and rural residents and the New Rural Pension (NRP) insurance can effectively improve the health condition of rural older adult people (52, 53), and rural older adult people have a certain degree of worry about pension issues, which is an important indicator of the quality of life for rural residents from the spiritual level, and pension income can reduce the degree of worry about the future pension, thereby improving the mental health of rural older adult people. The relationship between health conditions and subjective well-being is bidirectional. Older adult people with diseases such as coronary heart disease and chronic lung disease tend to have higher depression and impaired well-being (54). Therefore, personal health condition has a significant positive impact on subjective well-being (55), and the higher the self-rated health, the stronger the subjective well-being (56). Therefore, this article selects the self-rated health condition from the questionnaire responses to represent the physical health condition of the older adult, aiming to explore whether the basic pension for urban and rural residents affects the subjective well-being of rural older adult people through health conditions.

Additionally, considering the influence of subjective factors when respondents conduct self-rated of their health, this article also selects intergenerational support and labor supply as mediating variables. Basic pension insurance for urban and rural residents and family pension are the two primary methods of providing for the rural older adult in China, among which family pension includes intergenerational support from children to their parents. Intergenerational support refers to the financial support of children to their parents. As a son or daughter, he or she has an obligation to care for his or her parents, which includes taking care of their daily lives (57) and providing financial support, and receiving the basic pension for urban and rural residents will have a certain impact on intergenerational support. According to research, participation in pension insurance significantly increases the intergenerational economic support received by the older adult (58), and older adult people who receive support from their children have significantly higher subjective well-being than those who do not receive such support (59). Intergenerational economic support can further promote the well-being effect of pension insurance (60). Existing research proves that pension income can reduce the labor supply of the older adult to some extent (3, 60, 61). As a non-labor income, basic pension for urban and rural residents can enable the older adult to obtain more opportunities for free distribution of labor and leisure, and leisure time can allow people to meet their psychological needs such as relaxation and self-improvement and can enable rural older adult people to increase their participation in life and reduce the negative impact of aging. Since the sum of labor and leisure time is constant, when they choose to obtain leisure time, they must reduce a certain amount of labor supply. The reduction in labor participation time and the increase in leisure participation time significantly promote the subjective well-being of rural older adult people (62).




3 Results


3.1 Descriptive statistical

Table 2 reports the descriptive statistics for the variables used in this study.



TABLE 2 Descriptive statistics and description of variables.
[image: Table2]

In terms of degrees of depression, the average depression index for rural older adult in 2018 and 2020 was 0.955 points, close to the critical value of 1 point for depressive symptoms. If the older adult samples are grouped according to a depression index cutoff of 1 point, then 43.4% of the rural older adult with a depression index of 1 point and above show symptoms of mental depression. The average life satisfaction score for rural older adult is 3.288, indicating that overall, they are “relatively satisfied” with their lives. The basic pension indicator for urban and rural residents is the ratio of the basic pension for urban and rural residents to the minimum wage income. The average level of basic pension for urban and rural residents in the sample overall is 0.0683, the minimum value in the sample is 0.0516, and the maximum value is 0.444. The mean value is closer to the minimum value in the sample, reflecting that the current basic pension for urban and rural residents in China is still at a low level, with only a few regions having basic pension levels much higher than the minimum standard.



3.2 The estimation results of the impact of rural and urban residents’ basic pension on the subjective well-being of rural older adult

Table 3 presents the OLS regression estimates for the impact of basic pension levels on the degrees of depression among the older adult in rural areas and the ordered logit regression estimates for life satisfaction. Column (1) shows the univariate OLS regression results, indicating a significant negative impact of basic pension levels on the degrees of depression among rural older adult, indicating that higher levels of basic pensions are associated with lower degrees of depression and higher subjective well-being. After adding control variables into the regression, the results in column (2) still show a significant negative effect of basic pension levels on depression. Similarly, column (3) presents the univariate ordered logit regression results for the impact of basic pension levels on life satisfaction, revealing a significant positive effect, meaning that higher basic pension levels are associated with higher life satisfaction and greater subjective well-being among rural older adult. After the introduction of control variables, the results in column (4) remain significant. These findings indicate that basic pension levels have a significant positive impact on the subjective well-being of the older adult in rural areas, regardless of whether the measure is a positive or negative indicator of subjective well-being. Most of the older adult living in rural China do not have neither fixed jobs nor stable incomes. With the growth of age, their working ability gradually declines, and their means of obtaining income gradually decrease. However, the basic pension income of urban and rural residents, although not high in amount, alleviates the pressure of insufficient economic sources for the older adult in rural areas. Through this pension, the consumption expenditure of durable goods and the expenditure of medical care can be improved effectively, so as to improve the quality of life of the rural older adult and improve their life satisfaction. In addition, continuous and stable access to pensions will also make the rural older adult feel the stability of life and the security of the future, thus increasing their subjective sense of well-being.



TABLE 3 Basic pension level and subjective well-being of rural older adult.
[image: Table3]

In column (2), regarding the estimation results for control variables, all included control variables show a significant correlation with the subjective well-being of the older adult in rural areas. Age, gender, level of education, having a spouse, personal income, and social relationships all have a significant positive effect on the subjective well-being of rural older adult. Age is significant at the 1% level, indicating that older rural older adult experience lower degrees of depression and higher levels of subjective well-being. The possible explanation is that with the increase of age, the life pressure of the rural older adult is gradually alleviated, and they have more time to pay attention to their own feelings and needs, so they have better psychological state and higher level of subjective well-being; the level of subjective well-being in male groups is higher than that in female groups; rural older adult with higher education levels have a higher level of well-being, possibly because different educational background will have different degrees of impact on individual income and social status; rural older adult with spouses have higher levels of subjective well-being than those without spouses. The reason for this could be that rural older adult with spouses can receive emotional support and care from their spouses, thereby reducing depression and enhancing well-being; the higher the level of personal income, the higher the level of well-being, and high-income levels can bring good material living conditions, and bring economic security and stability, which can reduce the economic pressure and improve the level of well-being; rural older adult social activities can significantly increase the level of subjective well-being, and social interaction activities can help strengthen emotional communication, provide spiritual support and emotional satisfaction for the rural older adult, reduce the degree of mental depression, and enhance the sense of pleasure and happiness.

Having chronic diseases, the number of children, and family income have a significant negative impact on the subjective well-being of rural older adult. The subjective well-being level of the rural older adult with chronic diseases is lower than that of the rural older adult without chronic diseases. Chronic diseases bring both mental and physical burdens to the rural older adult. Most of the people with chronic diseases need long-term medication or treatment, and the expenditure on medical expenses will bring economic pressure to the older adult, which may make them feel anxious and uneasy, increase the probability of falling into health poverty, and thus reduce the level of subjective well-being; the more the number of children, the lower the subjective well-being, which may be due to the fact that the children cannot go home often for migrant work, lack of communication with their parents, or the family relationship is not harmonious, so the increase in the number of children will reduce the subjective well-being of the older adult in the rural areas. From the perspective of income, a higher personal income level can enhance the level of well-being, whereas a higher family income level tends to reduce well-being. This paradoxical effect may suggest that while personal income contributes directly to an individual’s sense of security and ability to fulfill personal desires, higher household income could potentially lead to increased responsibilities, expectations, or stress within the family context, thereby negatively affecting the individual’s subjective well-being.



3.3 Robustness check


3.3.1 Replacement regression model

Poisson regression is a generalized linear model. Poisson regression assumes that the conditional distribution of the explained variable is the Poisson distribution, and predicts the expected value of the explained variable by introducing the explaining variable. Considering that different regression models may affect the results of hypothesis testing, this study further uses Poisson regression model to regress the data (63) to verify the impact of the basic pension of urban and rural residents on the subjective well-being of the rural older adult in China. Table 4 presents the results of the Poisson regression. The stability of the regression coefficient and the regression results in Table 4 show a high consistency with those in Table 3. Both before and after the inclusion of control variables, the level of basic pension has a significant negative impact on the degrees of depression among the older adult in rural areas. That is, in areas with higher basic pension levels, the degrees of depression among rural older adult are lower, and their subjective well-being is higher. This confirms the robustness of the research conclusions stated above.



TABLE 4 Poisson regression results.
[image: Table4]



3.3.2 Replacing the explained variable

The method of replacing the explained variables is to use alternative variables that are highly correlated with the original variables but have different data sources or different calculation methods and re-run the regression analysis to test the robustness of the regression results.

With the migration of rural labor force, the miniaturization and decentralization of rural family structure, and the lack of older adult care have brought many psychological and emotional problems to the older adult, and a large number of rural older adult have been attacked by loneliness. Research has found that loneliness and life satisfaction in the older adult are significantly negatively correlated. Higher levels of loneliness tend to lead to a variety of negative emotional experiences, which in turn reduce levels of life satisfaction (64). If the basic pension for urban and rural residents can reduce the loneliness of the older adult, it will reduce the negative emotions of the rural older adult, and thus enhance the subjective well-being of the rural older adult. Therefore, this article uses the “loneliness” variable as a proxy variable for the subjective well-being of the rural older adult to regress. According to the question “I feel lonely” in the 2018 and 2020 CHARLS questionnaires, the questionnaires classify loneliness as a quadratic variable: “Rarely or not at all (<1 day),” “not much (1–2 days),” “sometimes or half of the time (3–4 days),” “most of the time (5–7 days),” and re-assigned a score of 1–4, with higher scores indicating stronger feelings of loneliness. In this way, it is investigated whether the basic pension for urban and rural residents will similarly affect the loneliness of the rural older adult, thus confirming the robustness of the research results. Table 5 reports the regression results focusing on loneliness, and columns (1) and (2) adopt the ordered logistic estimation method. The regression results show that the basic pension for urban and rural residents has a significant negative impact on the loneliness of rural older adult. The results using loneliness as the explained variable are similar to the empirical results of depression degree, indicating that the above analysis results are relatively robust. It further explains that the basic pension can provide spiritual comfort and support to the rural older adult, reduce their loneliness, and enhance their level of subjective well-being.



TABLE 5 Regression results replacing the explained variable.
[image: Table5]




3.4 Heterogeneity analysis

The above analysis results show the impact of the basic pension for urban and rural residents on the subjective well-being of the rural older adult. However, this impact is based on the sample model analysis and does not take into account the differences between the gender, health condition, and regions of the rural older adult.

Since the differences between male and female in mental sensitivity may affect the cognitive experience and emotional circuit of subjective well-being, grouping the samples according to gender ratio can reflect the difference in the impact of the basic pension for urban and rural residents on the subjective well-being of male and female; The payment of basic pension for urban and rural residents can produce health effects. For older adult people without chronic diseases, sustained and stable basic pension income can reduce individual depression, while the older adult with chronic diseases face medical expenses, so they have a higher dependence on basic pension and greater life security brought by basic pension, thus improving their subjective well-being. They are grouped according to whether they suffer from chronic diseases to explore the different impacts of basic pension on rural older adult with different health conditions; Under China’s unique dual economic structure, there is still a big gap in the level of economic development among different regions, and there are differences in social system, development situation, external environment, and other aspects in different regions. Therefore, under different constraints, the acceptance and expectation of the basic pension policy for urban and rural residents in different regions are different. Therefore, the differences in the subjective well-being of the rural older adult in different regions can be reflected by the grouping of eastern, central, and western regions. Therefore, grouping according to the eastern, central, and western regions can reflect the differences in subjective well-being among rural older adult in different regions.

Therefore, this article conducts group regression on the entire sample from three perspectives: gender ratio of rural older adult, whether they suffer from chronic diseases, and eastern, central and western regions, to examine the heterogeneous impact of basic pension for urban and rural residents on the subjective well-being of rural older adult. The specific results are shown in Table 6.



TABLE 6 Heterogeneity analysis of basic pension levels and degrees of depression among rural older adult.
[image: Table6]

The estimation results indicate that, from the perspective of gender ratio grouping, the impact of basic pension is greater in provinces with a relatively higher gender ratio, in terms of the absolute value of the coefficient. The gender ratio is the proportion of males to females within a province, with a higher ratio indicating a higher proportion of males in the sample of that province. Therefore, the impact of the basic pension on the subjective well-being of males is greater than females. This might be because men typically bear the responsibility of being the primary source of income in the family, thereby facing greater psychological stress. Consequently, basic pension income can alleviate some of the burden on the male population to a certain extent, enhancing their subjective well-being.

From the perspective of whether individuals have chronic diseases, the level of basic pension for urban and rural residents has a significantly positive effect on the subjective well-being of both groups of samples, with significance at the 1% level. The gap in significance between the two groups is not large, but the absolute value of the regression coefficient for the sample with chronic diseases is slightly higher than that for the sample without chronic diseases. The reason is that for rural older adult people suffering from chronic diseases, the income from the basic pension for urban and rural residents can offset part of their medical expenses, thereby reducing their living burden and improving their subjective well-being.

Looking at the regional grouping, the level of basic pension for urban and rural residents has a significant negative impact on the degrees of depression of rural older adult in the eastern region, and is significant at the 1% significance level, indicating that the basic pension for urban and rural residents can improve the level of subjective well-being among rural older adult in the eastern region. The possible explanation is that the economy in the eastern region is generally more developed, the social security system is relatively complete, the level of basic pension benefits is relatively high, and residents have high incomes, and thus the pressure of contribution is small, and the rural older adult in this region are more likely to improve their quality of life, reduce the level of depression, and enhance their subjective well-being through the basic pension. In addition, the regression results show that the level of basic pension has a significant positive effect on the depression degree of rural older adult in the central and western regions, indicating that the basic pension suppresses the subjective well-being of rural older adult in the central and western regions. The possible reason is that the level of economic development in the central and western regions lags behind, and the living standards of the rural older adult are poorer. Basic pension can improve their living standards to a certain extent, but the lower level of pension benefits is not enough to meet their living needs, which may lead to an increase in the degree of depression. The impact of the pension level on the eastern and central regions is more significant than that on the western region, probably because of the development level and cultural differences between regions. The eastern region is more economically developed, cultural exchanges are more active, and the ideology of the rural older adult is more open, and the impact of the pension level is more significant. However, the rural older adult in the western region have relatively conservative ideas and basic pension levels have relatively little impact on them. Among these three sample groups, the absolute value of the regression coefficient for the central region is the largest. The possible reason is the difference in the basic pension levels among regions, which is indeed the case, with the basic pension level in the eastern region being significantly higher than in the central and western regions.



3.5 Mechanism of influence

This study employs the mediation effect method to test whether the basic pension affects the subjective well-being of the rural older adult through three factors: health condition, intergenerational support, and labor supply. The mediation effect model studies how the independent variables affect the dependent variable by analyzing the path of the independent variables on the dependent variable. In empirical analysis, the commonly used approach for the mediation effect test is the stepwise regression method (65–68), which is to determine whether the mediation effect exists or not by multiple regressions, based on the significance of the regression coefficients. The mediation effect model used in this article is constructed as follows:
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In Equations (3–5), a, b, c, c′ are regression coefficients, [image: image] representing the degree of depression of the explained variable; [image: image] representing the basic pension level of the explaining variable; [image: image] representing mediating variable, including health condition, intergenerational support and labor supply; [image: image] and are control variables. According to the mediation effect test process of previous studies, the first step is to test whether the influence coefficient c of the basic pension level on the depression degree of rural older adult is significant, and the second step is to test whether the influence coefficient a of the basic pension level on the mediating variable is significant. If the two coefficients are significant, then test whether coefficient b is significant. If it is significant, it indicates that there is a mediating effect. If one of a and c is not significant, use the Bootstrap method to test [image: image]. If it is significant, there is a mediating effect. If it is not significant, there is no mediating effect. Table 7 presents the analysis of the mechanism through which the level of basic pension influences the degrees of depression among rural older adult individuals.



TABLE 7 Analysis of the impact mechanism of basic pension level on the degrees of depression.
[image: Table7]

Columns (2, 3, 6, 7) show that the coefficients have passed the tests, indicating that health conditions and labor supply have mediating effects in the impact of basic pension on the degrees of depression of rural older adult individuals; whereas column (4) shows that the coefficient for intergenerational support is not significant and does not pass the Bootstrap test, indicating the absence of a mediating effect of intergenerational support. This study empirically tests and verifies the mediating roles of health status and labor supply.

Based on the above analysis, it is evident that due to the older adult being reluctant to increase the burden of their children or the relative backwardness of rural medical resources, most older adult individuals do not seek treatment immediately after falling ill. However, rural older adult individuals use their basic pension for medical expenses, thereby improving their health condition and enhancing their subjective well-being. Moreover, for most rural older adult individuals, if there is no income from the basic pension, who would need to engage in more labor to earn income to sustain their lives in old age. A fixed basic pension income can provide some material security for the older adult, reduce their psychological burden, and release them from heavy labor activities, thereby enhancing their subjective well-being.




4 Discussion

In recent years, with the development of China’s economy and the improvement of people’s living standards, residents’ demands for quality of life have shifted from material aspects such as income and consumption to a greater emphasis on spiritual well-being. Research has found that individuals are able to explicitly evaluate their happiness in terms of overall well-being, meaning, and psychological richness (69). This paper constructs OLS and ordered logistic models and uses data from the 2018 and 2020 China Health and Retirement Longitudinal Study to perform regression analysis, estimating the impact of the basic pension for urban and rural residents on the subjective well-being of the rural older adult. The regression results show that the basic pension for urban and rural residents significantly enhances the level of subjective well-being among the rural older adult. Further evidence indicates that the impact of the basic pension on the subjective well-being of men is greater than that of women. The basic pension has a significant positive impact on the subjective well-being of the rural older adult with chronic diseases. The level of the basic pension has a significant negative impact on the depression levels of the rural older adult in the eastern regions. The analysis of the mechanism of impact based on the mediating effect method shows that health conditions and labor duration play an important role in the process of the impact of basic pension for urban and rural residents on subjective well-being. Improving health conditions and reducing labor supply can enhance the subjective well-being of the rural older adult.

Based on the findings of this study, the policy implications of this paper are as follows:

On the one hand, enhance the level of basic pension benefits for urban and rural residents based on policy goals. Due to the differences in economic development level and fiscal subsidy capacity among different regions, the development of basic pension insurance for urban and rural residents in different regions is not balanced, especially the basic pension in central and western regions is generally low, which is not only the reason of system design, but also the result of local financial capacity. Therefore, it is recommended that the central government increase financial subsidies, improve basic pension benefits for urban and rural residents, meet the basic living needs of the rural older adult, and effectively improve the subjective feelings of the rural older adult.

On the other hand, the basic pension should be optimized and upgraded to a non-contributory pension in terms of system practice. Academic research has proven that pensions obtained through social security have a strong positive impact on personal happiness (70). For the rural older adult, due to the lack of pension accumulation during employment, the most effective and direct way is to obtain a “non-contributory pension” with inclusive nature. The basic pension for urban and rural residents is very similar to the non-contributory pension, which is a kind of “non-contributory pension” in a sense. Because the basic pension for urban and rural residents does not have any accumulation of funds, it is completely from fiscal transfer payments, and has nothing to do with personal contributions, which reflects the non-contributory and welfare nature of the system. Some studies indicate that non-contributory pension schemes targeting the poor population in developing countries can improve the welfare of the poor older adult (71), and non-contributory social pensions can effectively reduce the incidence of older adult poverty and extreme poverty, playing a positive role in poverty reduction (72). Therefore, optimizing and upgrading the basic pension for urban and rural residents into a non-contributory pension can more effectively solve the problem of low basic pension benefits, rapidly expand the coverage of pension insurance, and eliminate poverty in the older adult.

Finally, it needs to be discussed that the relevant welfare policies of the basic pension insurance for urban and rural residents should be tilted toward vulnerable groups such as rural female and left-behind older adult people. Although the implementation of the policy of focusing on the key groups will face many difficulties in practice and will greatly increase administrative cost, the policy effect is obvious. The regression results indicate that the improvement of income level can significantly improve the well-being of rural female older adult and left-behind older adult. Therefore, the government can provide multi-level protection for this low-income group in the form of strengthening local responsibilities. For example, in addition to the basic pension provided by the central government, a certain number of pension subsidies provided by the local government can be added, so as to compensate the income gap of vulnerable groups in society and improve the well-being of vulnerable older adult groups.

This study has several limitations. Firstly, the research data used only consists of two periods of panel data, which only explores the relationship between the current basic pension for urban and rural residents and the subjective well-being of rural older adult. However, the level of the basic pension for urban and rural residents may be adjusted in later periods. Therefore, the relationship between the basic pension level for urban and rural residents in the same region and the well-being of rural older adult requires further exploration. Secondly, although the article controls for some variables during the empirical process, subjective well-being is influenced by a variety of factors, and there may still be issues with the selection of indicators not being comprehensive enough.
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Introduction: The synergy of green taxation, public health expenditures, and life expectancy emerges as a compelling narrative in the intricate symphony of environmental responsibility and public well-being. Therefore, this study examine the impact of green taxation on life expectancy and the moderating role of public health expenditure on the said nexus, particularly in the context of China, an emerging economy.

Methods: Statistical data is collected from the National Bureau of Statistics of China to empirically examine the proposed relationships. The dataset contains provincial data across years.

Results: Using fixed-effect and system GMM regression models alongwith control variables, the results found a positive and statistically significant influence of green taxation on life expectancy. Moreover, public health expenditures have a positive and statistically significant partial moderating impact on the direct relationship.

Discussion: These findings suggest that the higher cost of pollution encourages individuals and businesses to shift to less environmentally harmful alternatives, subsequently improving public health. Moreover, government investment in the health sector increases the availability and accessibility of health facilities; thus, the positive impact of green taxation on public health gets more pronounced. The findings significantly contribute to the fields of environmental and health economics and provide a new avenue of research for the academic community and policymakers.
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1 Introduction

The nexus between environmental policy and public health and its collective influence on human well-being has emerged as a prominent concern in today’s globalized and environmentally challenged world (1, 2). The use of environmental/green taxes as a prominent policy instrument has gained significant attention due to its potential to effectively tackle environmental degradation and encourage sustainable practices (3). Moreover, sufficient funding for public health expenditures could be an important factor in improving health outcomes and community well-being (4, 5). Therefore, the purpose of this study is to explore how life expectancy can be enhanced through green taxation and how public health expenditure can moderate the said life expectancy and green taxation nexus.

Green taxes are somehow a deliberate approach designed to motivate sustainable behavior and address the harmful effects of environmental consequences (6). This phenomenon indicates a growing global awareness of the detrimental effects of pollution and the reduction of natural resources (7). The purpose of these taxes is to create a framework for addressing environmental concerns that affect public health by internalizing external costs and providing incentives for environmentally responsible behavior (8, 9). Climate change, air and water pollution, and resource shortages all have long-lasting effects on the quality of life (10, 11); therefore, it’s important to understand how environmental taxes affect the welfare of societies.

Assessing life expectancy is a crucial component in evaluating the overall impact of environmental policy and public health spending (12, 13), making it a vital tool for defining the overall well-being and prosperity of a particular community (14, 15). Such a phenomenon can better describe the complex interaction of various factors that influence the overall welfare of individuals. These factors include the environment, individual lifestyle choices, aging, and the availability and accessibility of healthcare services (16, 17). Therefore, a study that investigates the relationship between green taxes and life expectancy can provide important insights regarding the effectiveness of environmental policies in improving public health outcomes.

Furthermore, it is vital to recognize the significance of public health expenditure, which links to the allocation of financial resources by the government toward healthcare services/infrastructure (18, 19). The moderating variable holds the capability to either increase or decrease the impact of green taxation on life expectancy. The negative health consequences resulting from environmental damage can be mitigated by providing adequate funding to the public health system (20–22). Consequently, this situation improves the efficacy of green taxes in attaining their planned objectives. It is crucial for efficient policymaking and resource optimization to understand how public health expenditures impact the nexus between green taxation and life expectancy (23, 24).

The main purpose of this research is to examine the impact of green taxation on life expectancy and the moderating role of public health expenditures, particularly within the context of China’s dynamic and rapidly growing economy. Thus, this study helps to address a critical gap in the literature. Through comprehensive analysis and the application of rigorous econometric testing, we aim to clarify the said nexus and offer new insights to policymakers for the design and delivery of an efficient public health policy. Moreover, the findings of this study encourage the development of policies to boost environmental sustainability and improve public health. Furthermore, these outcomes have relevance for individuals, societies, and organizations that are committed to advancing a more impartial and prosperous future for global societies.

This study focuses on the Chinese economy, where fast industrialization and urbanization have caused several environmental and health concerns; thus, examining green taxation, public health expenditures, and life expectancy is necessary (2). Green taxation encourages sustainable behaviors and reduces industrial pollution. Whereas, public health expenditures also need to be examined to assess the healthcare system for a growing population facing severe environmental risks (25). Policymakers can understand the complex relationships between environmental policies, the healthcare sector, and longevity by analyzing the link proposed in this study.

The rest of the paper is organized as follows: section 2 discusses the literature. Section 3 explains the background of the study. Section 4 entails the methodology to testify to the hypotheses of the study. Section 5 documents the empirical analysis and discussion. Lastly, Section 6 concludes the findings and provided policy implications, limitations, and future research directions.



2 Literature review

We are living in a time when the world is facing numerous health and environmental challenges. Therefore, fields like public health and environmental policy have gained significant attention. Several studies have been conducted to explore how life expectancy can be improved, and many determinants have also been investigated. Table 1 summarizes the recent literature on the topic.



TABLE 1 Literature review.
[image: Table1]



3 Background of the study

Green taxation and life expectancy have gained significant attention, particularly in the domains of environmental policy and public health. Governments use green taxation or eco-taxation as a policy tool to limit the activities that harm the environment by imposing taxes on such activities (25, 35, 36). These costs and regulations are enacted to discourage undesirable actions and reward those who are environmentally responsible (37). While the fundamental aim of green taxation is to protect the environment and promote sustainability, it can potentially impact public health and, particularly, life expectancy (38).

The baseline hypothesis of this study is that green taxation can have a significant positive influence on life expectancy. Such a narrative is also based on the premise that increasing the cost of pollution will encourage individuals and businesses to switch to less harmful alternatives (39, 40). This has the potential to improve public health and even extend people’s lifespans by curtailing pollution levels and encouraging environmentally responsible lifestyles (38).

However, there are several components and limitations to the aforementioned connection, all of which are influenced by a series of interdependent circumstances. The relationship between green taxation and life expectancy can be better understood with the help of economic dynamics (41). Sustainable practices can be encouraged through the use of taxation policies, and these policies also have favorable financial outcomes (42). These financial benefits may help reduce environmental damage and subsequently yield various health benefits, including longevity.

The relationship between green taxes and life expectancy also involves changes in people’s habits and ways of living (8). Individuals and businesses can be motivated to adjust their activities, particularly in the presence of a dynamic economic framework, such as through the use of green taxes (43). These behavioral changes could lead to healthier and more sustainable practices that promote greener lifestyles and enhance life expectancy.

Moreover, regional differences regarding green taxation policies are also important (44). Taxes are mostly diverse based on jurisdictions because of differences in policies and economic conditions. Therefore, it can be assumed that there are geographical differences in life expectancy, revealing potential variations in the effects of environmental taxes (45). Thus, we can hypothesize that:


H1: Environmental taxation may have a positive impact on life expectancy.
 

Research focusing on the complex nexus between green taxation and life expectancy has to incorporate the moderating role of public health expenditure to clearly understand the underlying mechanism of this association. Investing in public health could adjust the results of green taxation policies (46), which in turn affects life expectancy (47). Therefore, understanding this complex relationship is of considerable importance in today’s environmentally challenged societies.

It can be hypothesized that green taxation can increase life expectancy and that higher levels of public health expenditure can act as a moderator, enhancing these positive outcomes. Green taxation is established on the idea that it can improve public health by decreasing public exposure to dangerous pollutants and urging them to adopt more environmentally friendly practices (48, 49). However, the extent to which these advantages can be realized is determined by public health expenditures (50).

The term public health expenditure refers to the total amount of money spent on healthcare in the form of taxes and other government-level funds (51, 52). When it comes to addressing the health needs of a population, these resources are important, and they can be particularly useful in decreasing the adverse effects of environmental factors (53). It can also be expected that increases in public health expenditures will improve health care, lower its costs, and expand its accessibility (54, 55). Therefore, when public health facilities are easily accessible, the favorable economic impacts of green taxation on public health, such as lower healthcare expenditures and greater productivity, can get even more pronounced (56).

Public health budgets and the effects of green taxation on individual behavior are also closely linked (23, 57). Environmental taxation policies encourage eco-friendly behaviors, and a rise in public health expenditures can help finance the preventative measures, e.g., public awareness campaigns and health education (58, 59). By providing knowledge and resources for better living, public health programs may encourage individuals to adopt environmentally responsible behaviors (60, 61). This may result in healthier behavioral changes, which in turn can extend longevity.

Understanding the moderating role of public health expenditure may also require considering the regional differences regarding public health expenditure. The extent to which environmental taxation laws affect life expectancy can be influenced by how much funding is allocated to public health in certain regions or countries (62). Promoting public health and eventually contributing to longer and healthier lives, therefore, we can hypothesize that:


H2: Public health expenditures may have a positive moderating effect on the relationship between green taxation and life expectancy.
 



4 Methodology


4.1 Source

We use province-level data collected from the China Statistical Year Book published by the National Bureau of Statistics of China (NBS). The China Statistical Yearbook is a compilation of data that offers a complete picture of the country, provinces, and autonomous regions, Every year, the China Statistical Yearbook is published in September. Therefore, in this study, we only collect data until 2022 because the statistics for 2023 will be published in September 2024 (63). The data compiled by the NBS, which is renowned for its reliability, consistency, and accuracy, forms the basis of strategic decision-making and evidence-based policy-making. It offers an extensive range of economic, social, and demographic indicators. The final dataset consists of a diverse range of variables for 30 provinces and 19 years. Table 2 shows the list of provinces used to collect data from NBS.



TABLE 2 List of provinces.
[image: Table2]



4.2 Data

We use life expectancy as a dependent variable in this study. Life expectancy is a statistical measure that estimates the average number of years a person can expect to live. In China, such direct data is only calculated through census, which is conducted every 10 years. Therefore, we are unable to use this measure due to the unavailability of consistent data across the year. By considering such limitations, we use an indirect proxy to calculate life expectancy, i.e., the probability of dying. Previous studies, e.g., Roffia et al. (64) and Maiolo et al. (65), also used this proxy to measure life expectancy.

[image: image]

Whereas,

[image: image]
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The independent variable in this study is green taxation. Literature has provided various measuring tactics to calculate green taxation, e.g., environmental performance indicators, energy consumption, shifts in economic activities, etc. However, contrary to the said indicators, we follow the study of Fang et al. (66) and use environmental protection taxes as a proxy for green finance.

We employ public health expenditures as a moderating variable. Many different methods of measuring have been presented in the literature to calculate the said variable. These methods include government spending on hospitals, doctors, paramedics, etc. On the other hand, in contrast to the aforementioned indications, we adhere to the research conducted by Chipunza and Nhamo (56) and use total governmental health expenditures.

The following are the key control variables that are used to investigate the relationship between green taxation, public health expenditures, and life expectancy.

• Gross regional product: Province-level GRP

• Employment level: Total number of employed persons in the province

• Inflation: Consumer price index (CPI) in the province

• Individual income: Per capita income in the province

• Natural disasters: Total affected population in the province by natural disasters

• Population aging: Old age dependency ratio



4.3 Model

By considering the nature of the dataset and testing the aforementioned research hypotheses, we construct two empirical models. The first empirical model (1) quantifies the direct impact of green taxation on life expectancy. Similarly, our second empirical model (2) estimates the moderating relationship of public health expenditure on the nexus between green taxation and life expectancy.

[image: image]
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The aforementioned Equations (1) and (2) represent regression models where the dependent variable is [image: image] and the independent variable is [image: image]. However, in Equation (2), particularly, we have a moderating variable that is constructed through an interactive term, i.e., [image: image]. Lastly, in both the empirical models, we have [image: image] e.g., gross regional product, employment level, inflation, individual income, natural disasters, and population aging. In these contexts, k denotes individual provinces, and t denotes time. [image: image]is an intercept term representing the expected value of life expectancy when all other variables become zero. [image: image] is an error term, representing the difference between the observed value of life expectancy and the value predicted by the models. It captures the effects of unobserved factors and random variation.




5 Empirical analysis and discussion

Table 3 presents the descriptive statistics (total number of observations, mean value, standard deviation, minimum and maximum values) of all the variables used in this study. This table summarizes the variables for better understanding. Particularly, the variable of life expectancy represents a mean value of 0.1494 with a standard deviation of 0.0262. Green taxation and public health expenditures have average values of 6.4134 and 6.3920, respectively, and their standard deviations are 7.2447 and 0.9895, respectively. The different control variables show the average value of gross regional productivity (10.0610), employment level (6.0083), inflation (4.6250), individual income (10.3283), natural disasters (5.2040), and population aging (3.2749). The standard deviations of the said indicators are gross regional productivity (0.9666), employment level (0.8637), inflation (0.0072), individual income (0.3282), natural disasters (1.6181), and population aging (2.4981).



TABLE 3 Descriptive statistics.
[image: Table3]

The correlation coefficients of the variables are measured and explained in Table 4. The results demonstrate that the variables used for the analysis did not have any multicollinearity issues.



TABLE 4 Correlation.
[image: Table4]

We incorporate the ordinary least square regression technique as a baseline tool To quantify the relationship between green taxation and life expectancy. However, as reported in Table 5, the results are statistically insignificant and misleading. One of the reasons for such deceptive results is the issue of unobserved heterogeneity.



TABLE 5 Base line regression (hypothesis—1).
[image: Table5]

Similar to the aforementioned prevailing statistical concern, i.e., the heterogeneity issue, the results documented in Table 6 to estimate the moderating influence of public health expenditure on the nexus between life expectancy and green taxation are ambiguous and need future investigation.



TABLE 6 Base line regression (hypothesis—2).
[image: Table6]

To address the presence of heterogeneity in both empirical models, we use the fixed effect regression technique. Panel data, which collects observations over multiple periods and for multiple entities, makes fixed effect models particularly useful. Moreover, for selection between fixed effect and random effect regression, we use the Hausman test. According to the results stated in Table 7, the p-value of chi-square is significant; therefore, we can reject the null hypothesis and choose an alternate hypothesis, i.e., a fixed effects model is preferred. Moreover, the regression results show a positive and statistically significant impact of green taxation on life expectancy. These results verify our first hypothesis and are in line with the previous study of Tenytska and Palienko (67). These results suggest that environmental taxation escalates the cost of environmental damage, which eventually encourages individuals and businesses to switch to less harmful alternatives. Such a protective approach will help advance longevity.



TABLE 7 Advanced regression (hypothesis—1).
[image: Table7]

Likewise, to test our second hypothesis (i.e., public health spending moderates the link between green taxes and life expectancy), we again run the Hausman test, and based on the significance p-value, we choose the fixed effect moderation model. Furthermore, the technique also helps us deal with the problem of heterogeneity. The results listed in Table 8 show that green taxation, public health expenditures, and the interacting terms of both variables all have a positive and statistically significant impact on life expectancy. These outcomes support our narrative and confirm the partial moderating impact of public health expenditures. Moreover, these results provide a significant understanding that environmental taxation increases life expectancy and that higher levels of public health expenditure can operate as moderators, enhancing these positive outcomes. Increases in public health expenditures will eventually improve health care outcomes, lower its associated costs, and improve the availability of public health facilities. Thus, the accessibility of public healthcare reinforces the economic benefits of green taxation for an improved life expectancy.



TABLE 8 Advanced regression (hypothesis—2).
[image: Table8]

Although fixed-effect regression models are efficient at controlling for heterogeneity, endogeneity is a valid concern, particularly in the context of a panel dataset. Therefore, we used the system GMM method to control for the panel-specific endogeneity problems that may be present in the aforementioned models. Moreover, for the validation of GMM models, we have also used the Sargan test for over-identifying restrictions. The Sargan test’s p-value suggests that our over-identified restrictions in the models are valid. The empirical results reported in Table 9 suggest a positive impact of green taxation on life expectancy. Similarly, the findings also verify the positive partial moderation of public health on the nexus between green taxation and life expectancy (Table 10). Hence, our baseline results remains unchanged.



TABLE 9 Advanced regression (hypothesis—1).
[image: Table9]



TABLE 10 Advanced regression (hypothesis—2).
[image: Table10]

Green or environmental taxation is an effective approach that provides benefits for sustainable practices, reduces environmentally harmful activities, and thus enhances life expectancy. One apparent benefit of green taxation is its ability to reduce pollution. High taxes on harmful practices, such as the ignition of fossil fuels, have the potential to decrease emissions and foster air quality. Improved air quality is associated with fewer cases of respiratory disease and cardiovascular issues, both of which add years to a person’s life expectancy (49).

Moreover, green taxation has the potential to encourage investment, particularly in the renewable energy and health sectors. By increasing the cost of fossil fuels, competent authorities provide benefits to businesses and individuals who switch to cleaner energy alternatives. Additionally, to reduce emissions, the implementation of sustainable alternatives such as solar power and electric vehicles (EVs) contributes to better health consequences. These sustainable alternatives frequently generate employment opportunities and foster economic growth, thus facilitating enhanced healthcare accessibility and improved quality of life, both of which contribute to an extended lifespan.

Green taxation could also help to enhance life expectancy by addressing environmental challenges, such as climate change. Such a reduction in carbon emissions and encouraging healthier practices could subsequently contribute to reducing global warming, improving food security, diminishing climate-related health threats, and decreasing extreme weather conditions. Mostly, the application of green taxation aids a variety of objectives: it endorses sustainable technology, reduces pollution, and mitigates environmental hazards; therefore, it contributes to the long-term progress of well-being and prosperity.

The moderating role of public health expenditure, particularly in the context of the positive relationship between green taxation and life expectancy, is significant. The implementation of green taxation policies has the potential to encourage sustainable practices and reduce pollution, thereby positively affecting public health and extending life expectancy. Governmental investment in the public health sector could significantly improve the efficiency of the said measures. We can further boost the benefits of environmental taxation, disease control, and health elevation by allocating additional reserves toward public health. These steps could lead to greener environments and healthier lifestyles.

In countries with resilient healthcare systems, higher health expenditures can ensure that the population receives needed healthcare services. This can aid in early diagnosis and improve health issues, thereby extending life expectancy. Furthermore, allocating funds to public health can address health disparities and target deprived communities, thus tackling the social aspects that influence health outcomes. Ensuring fair distribution of the benefits of green taxation is crucial. To summarize, green taxation has the potential to improve life expectancy. However, the level of public health expenditure influences the extent to which this occurs. This guarantees the optimization and equitable distribution of the benefits of green taxation to those most in need, leading to significant and equitable increases in life expectancy (62).



6 Conclusion

This study aims to explore the impact of green taxation on life expectancy in China. Moreover, we also examine the moderating role of public health expenditures in influencing the proposed association. As the second largest world economy, Chinese economy is one of the most vibrant and emerging economies globally. To explore the said narrative, yearly provincial data was obtained from the National Bureau of Statistics—China. By employing robust econometric approaches such as fixed effect and system GMM regression estimates along with diverse control variables, the finding of the study provides significant supportive evidence toward the research hypotheses and testifies that green taxation enhances life expectancy in the context of China. Moreover, public health expenditures exhibits a favorable influence and partially moderate the said relationship. These results are robust even by choosing different proxies of public health expenditures.

This study significantly contributes to the ongoing discussion in the fields of environmental and public health economics by offering valuable insights for both academic researchers and policymakers. By specifically examining the impact of green taxation on life expectancy and considering the moderating role of public health expenditures, particularly within the context of China’s dynamic and rapidly growing economy, this research addresses a critical gap in the literature. Academic researchers can benefit from the findings by deepening their understanding of the nexus between green taxation, public health expenditures, and life expectancy and fostering further exploration in the said fields.

The policy implications of this study propose the importance of implementing green taxation to enhance life expectancy and the role of public health expenditure in strengthening the relationship between green taxation and life expectancy. For policymakers, this study offers fresh insights and directions for the development of sustainable environmental and public health policies. The positive association between green taxation and life expectancy, linked with the moderating effect of public health expenditures. Hence this research provides a base for formulating strategies that balance economic growth with environmental sustainability and advancement in public health.

Although this study has significantly contributed to exploring the relationship between green taxation, public health expenditures, and life expectancy in China, there are certain limitations as well. First, we use provincial data across years, which cannot observe the variations within cities and regions. Moreover, this paper focuses on China, which limits its generalizability to other countries with different cultures and institutions. Future studies could address these limitations by including longitudinal data (cross-countries) and extending the analysis to global settings. Overall, addressing these limitations and exploring the proposed research directions may help to develop a more detailed understanding of the interplay between environmental policies, healthcare expenditures, and life expectancy.
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Background: Healthcare resources are necessary for individuals to maintain their health. The Chinese government has implemented policies to optimize the allocation of healthcare resources and achieve the goal of equality in healthcare for the Chinese people since the implementation of the new medical reform in 2009. Given that no study has investigated regional differences from the perspective of healthcare resource agglomeration, this study aimed to investigate China’s healthcare agglomeration from 2009 to 2017 in China and identify its determinants to provide theoretical evidence for the government to develop and implement scientific and rational healthcare policies.

Methods: The study was conducted using 2009–2017 data to analyze health-resource agglomeration on institutions, beds, and workforce in China. An agglomeration index was applied to evaluate the degree of regional differences in healthcare resource allocation, and spatial econometric models were constructed to identify determinants of the spatial agglomeration of healthcare resources.

Results: From 2009 to 2017, all the agglomeration indexes of healthcare exhibited a downward trend except for the number of institutions in China. Population density (PD), government health expenditures (GHE), urban resident’s disposable income (URDI), geographical location (GL), and urbanization level (UL) all had positive significant effects on the agglomeration of beds, whereas both per capita health expenditures (PCHE), number of college students (NCS), and maternal mortality rate (MMR) had significant negative effects on the agglomeration of institutions, beds, and the workforce. In addition, population density (PD) and per capita gross domestic product (PCGDP) in one province had negative spatial spillover effects on the agglomeration of beds and the workforce in neighboring provinces. However, MMR had a positive spatial spillover effect on the agglomeration of beds and the workforce in those regions.

Conclusion: The agglomeration of healthcare resources was observed to remain at an ideal level in China from 2009 to 2017. According to the significant determinants, some corresponding targeted measures for the Chinese government and other developing countries should be fully developed to balance regional disparities in the agglomeration of healthcare resources across administrative regions.
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1 Introduction

Healthcare resources are necessary for individuals to maintain their health. Thus, these resources should be rationally allocated to ensure sustainable health services. Moreover, to ensure the performance of the health system, people’s growing and diversified needs for health services should be effectively met. China’s vastness and diversity, imbalanced development and variety of economic activities, population growth, cultural differences, geography, and transportation conditions across regions, as well as the fragmentation of the urban–rural dual system structure [0–0], have resulted in the maldistribution of healthcare resources. Differences in healthcare resource allocation between and within regions can be observed in China.

The Chinese government has implemented policies to optimize the allocation of healthcare resources and achieve the goal of equality in healthcare for the Chinese people. Since the implementation of the new medical reform in 2009, the government has increased investment in healthcare resources, particularly prioritizing financial support in the central and western regions, expanding medical insurance coverage, improving primary health services, developing a hierarchical diagnosis and treatment system, and reducing health expenditures per capita and differences in healthcare resource allocation between developed and underdeveloped regions.

By employing the data envelopment analysis approach, Sha et al. (1) observed regional differences in the efficiency of healthcare resource allocation in China, with the allocation being more inefficient in five cities in the Shanxi province of China. Socioeconomic factors, including income, education, and insurance, were identified as the main determinants of regional differences in healthcare resource allocation. Gu J (2) identified population, per capita gross domestic product (GDP), number of urban employees, level of commercial and trade development, and proportion of the agricultural area as contributors to the allocation of healthcare resources in some counties in China. However, Tuvia et al. demonstrated that inequality in socioeconomic factors resulted in inequality in income, employment, and health investment, thus affecting the fairness of the distribution of health resources (3). Furthermore, Qiong reported that income, medical insurance, and health service supply and consumption demand were the determinants of differences in healthcare resource allocation between urban and rural areas (4). Moreover, Xie et al. demonstrated that urban residents’ medical insurance and inequality in household income were the determinants of differences in healthcare resource allocation between urban and rural areas (5). Li et al. posited pro-wealthy inequality in the utilization of maternal health services in the rural areas of western China, and this inequality was identified as being associated with factors such as income, education level, and geographical transportation conditions (6). Although many studies have examined the time trend of differentiation in healthcare resource allocation in various regions of China by using many methods and healthcare resource indicators (e.g., health expenditures and numbers of health institutions beds and technicians), no study has investigated regional differences from the perspective of healthcare resource agglomeration and the spatial spillover effect of healthcare agglomeration by considering the spatial heterogeneity of these resources. In fact, agglomeration–the process by which economic activities cluster together in geographic space–is a complex phenomenon influenced by a variety of factors. It often occurs in healthcare resources within specific geographic areas or institutions. This phenomenon is influenced by a complex interplay of determinants, which can be analyzed through different theoretical lenses, such as Anderson’s behavioral model, which was originally designed to explain and predict healthcare utilization. The model can also provide insights into the factors that contribute to the agglomeration of healthcare resources. According to this theoretical model, three types of factors contribute to healthcare utilization, namely predisposing characteristics (e.g., population density and age distribution), enabling resources (e.g., insurance coverage, healthcare facilities, and human resources), and need factors (e.g., high demand for certain types of care, self-reported health status, and population mortality); these factors would all lead to the concentration of healthcare resources (7). Scholars have posited the agglomeration of healthcare resources is a multifaceted phenomenon influenced by economic principles, demographic factors, technological advancements, and policy decisions (8). Therefore, understanding these determinants is crucial for policymakers and healthcare administrators as they work to optimize the distribution of healthcare resources to best meet the needs of the population.

China has gradually overcome geographical and administrative constraints by increasing investment in health services and expanding the number of healthcare resources across various administrative divisions. This type of agglomeration can demonstrate the spatial autocorrelation among various regions in China. Therefore, given the implementation of the new medical reform and the rapid development of health services in China, regional differences in the agglomeration of healthcare resources and the spatial spillover effect of healthcare agglomeration should be investigated.

Using spatial econometric methods and longitudinal panel data (2010–2017), this study explored China’s healthcare agglomeration and identified its determinants to provide theoretical evidence for the government to develop and implement scientific and rational healthcare policies.



2 Methods


2.1 Data sources

Secondary data for this study were obtained from the China Health Statistical Yearbook and China Statistical Yearbook for 31 provinces (municipalities or autonomous regions) in China from 2010 to 2018 (Considering the one-year time delay nearly existed in publishing Chinese official annual yearbooks). These yearbooks are published officially by the National Health Commission and the National Bureau of Statistics, and the raw data supporting the conclusions of this study will be made available from the corresponding author upon reasonable request.

In this study, the numbers of health institutions, beds, doctors, technicians, and nurses were included as healthcare resource indicators. Data on maternal mortality rate (MMR), rate of born-baby weight less than 2. 5 kg (RBWL25), perinatal mortality rate (PMR), government health expenditures (GHE), out-of-pocket (OOP) expense, and per capita health expenditures (PCHE) were retrieved from the China Health Statistical Yearbook (2009–2017), and those on the population density (PD), per capita gross domestic product (PCGDP), number of insured persons (NI), number of college students (NCS), urban residents disposable income (URDI), farmers net income (FNI), and urbanization level (UL) were retrieved from the China Statistical Yearbook (2010–2018); these factors were included as contributing variables. The description of the variables of interest and their units of measurement in the study can be seen in Table 1.



TABLE 1 Description of the variables of interest and its units of measurement in the study.
[image: Table1]



2.2 Statistical methods

Based on the literature on location entropy, we used the agglomeration index to evaluate the degree of regional differences in healthcare resource allocation, which is represented by CYHR. CYHR refers to the total health resources in each province divided by the total population in each province. CYHRj refers to the total number of health resources available to the total population for the healthcare resource indicator j. CYHJJij is an index of regional differences in agglomeration and is calculated as follows:

[image: image]

In Formula (1), where CYHJJij represents the agglomeration index of regional differences in unit i for the jth healthcare resource indicator, CYHij represents the resource allocation in a province i for the jth index, Pij refers to the total population in unit i for the jth indicator, CYHj refers to the jth indicator in one area, P represents the total population in one area, and j refers to one healthcare resource indicator among the five total indicators. According to the definition of the agglomeration index, if CYHJJij is>1, resource agglomeration in region i for the jth indicator is higher than the average national level, indicating a higher allocation of resources in region i for the jth indicator than in regions with the average national level. Otherwise, a CYHJJij value of <1 indicates a lower allocation of resources in region i for the jth indicator than in regions with the average national level.

First, we applied a multivariable linear regression model to investigate the factors associated with a quantitative variable as follows:

[image: image]

In Formula (2), where CYHJJij refers to the agglomeration index of regional differences in healthcare resources, i refers to the number of provinces in China, and j refers to the type of healthcare resources: healthcare institutions, beds, doctors, technicians, and nurses. βi refers to the regression coefficient of the explanatory variable X, and the explanatory variable X refers to the predictors of PD_ij, MMR_ij, RBWL25_ij, PMR_ij, GHE_ij, OOPE_ij, PCHE_ij, NI_ij, NCS_ij, PCGDP_ij, URDI_ij, FNI_ij, GL_ij in a province i for the jth healthcare resource index and UL. Ɛ_ij is a random error term in a province i for the jth index.

However, upon the confirmation of spatial dependence in the data, the usage of linear regression is not justified, as spatial dependence violates the assumption that observations are independent of each other. Additionally, we tested the multicollinearity in the multivariable linear regression model with variance inflation factor (VIF), and we found that all the values of VIF of some predictors (such as PD_ij, MMR_ij, OOPE_ij, GHE_ij) regressing on the agglomeration indexes of five healthcare resource indicators were more than 5, indicating the existence of the multicollinearity. In the case of spatial dependence in data, spatial regression models such as the spatial lag model, spatial error model, and spatial Durbin model are often used for factors assessment. The spatial regression technique was employed to investigate the relationship between the values of a response variable and the values of explanatory variables. Many scholars have applied spatial techniques in health system research (9, 10), including a study on the COVID-19 pandemic (11). In doing so, for this study, we used longitudinal data to construct a spatial econometric regression model to analyze temporal and spatial evolution trends and to identify the contribution of various factors to healthcare resource agglomeration in China. To make the statistical analysis of the study clearer, a flow chart of the methodology was presented, starting from the source of data-to-data analysis (see Figure 1).

[image: Figure 1]

FIGURE 1
 A flowchart of the methodology starting from the source of data-to-data analysis for the study (Source: Author created).


Before we conducted the spatial econometrics analyses, we first constructed the appropriate spatial weight matrix, which illustrates the location information of the geographical units to conduct the spatial econometric analysis of the target geographical units. In general, the construction of a spatial weight matrix can be based on various spatial phenomena, such as proximity, contiguity, similarity, or distance decay, and constructing a spatial weight matrix depending on the nature of the spatial phenomena being analyzed. In this study, we chose a contiguity-based spatial weight matrix, in which observations that share a common boundary or touch each other are assigned a weight of 1, while others are assigned a weight of 0, for our main interest lies in understanding spatial interdependence between adjacent administrative divisions and the contiguity-based spatial weight matrix best represents the spatial relationships between observations in their study area.

Then, we divided spatial econometric models into three types: spatial lag model (SLM) or spatial autoregressive (SAR) model, spatial error model (SEM), and spatial Durbin model (SDM).


2.2.1 SLM (or SAR model)

If the lag term of a dependent variable y is considered to have a spatial autocorrelation, then the dependent variable and its driver model can be expressed as follows:

[image: image]

In Formula (3), where y represents the n × 1 dependent variable. X represents the n × K independent variable. ρ represents the spatial autoregressive coefficient to be estimated. W represents the n × n spatial weight matrix. β represents the K × 1 coefficient of independent variables to be estimated. ɛ represents the n × 1 error term.



2.2.2 SEM

If the spatial dependence of a dependent variable exists in the error disturbance term and is used to measure the effect of the error shock of a dependent variable in neighboring regions on the dependent variable in one region, then the spatial error model can be used in this study. The model is as follows:
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In Formula (4) and (5), where y represents the n × 1 dependent variable. X represents the n × K independent variable. β represents the k × 1 coefficient of independent variables to be estimated. W represents the n × n spatial weight matrix. Μrepresents a vector of error terms (n × 1) assumed to have autocorrelation. λ represents the spatial lag coefficient to be estimated, which is called the spatial autocorrelation coefficient. ν represents the n × 1 error term.




2.3 SDM

The spatial Durbin model (SDM) is a development of the spatial autoregressive model (SAR), in which the effect of spatial lag takes into account the independent and dependent variables. To examine the effect between variables, we chose the SDM as follows:
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In Formula (6), where y represents the n × 1 dependent variable. X represents the n × k independent variable. ρ represents the spatial autoregressive coefficient to be estimated. W represents the n × n spatial weight matrix. β represents the k × 1 coefficient of independent variables to be estimated. θ represents the k × 1 coefficient of the spatial lag term of independent variables to be estimated. ɛ represents the n × 1 error term.

When θ is zero, the SDM degenerates into the SLM/SAR. When θ + ρβ equals zero, the SDM degenerates into the SEM. W is a 31 × 31 spatial weight matrix, and off-diagonal blocks are all zeros. The parameter λ refers to the inter-regional spillover effect caused by the error term of observations. For convenience, we adopted the 0–1 adjacency matrix and set the Hainan and Guangdong provinces as the nearest neighbors.



2.4 Statistical criteria for model selection and estimation methods

The selection of the appropriate spatial econometric model was based on two null hypotheses: H0, θ = 0 and H0, θ + ρβ = 0. If both the null hypotheses are rejected, then SDM is selected. We performed the Wald and likelihood ratio (LR) tests under certain conditions to determine the appropriate top-down approach for model selection:

(1) SDM was selected if the findings of the Wald test were significant. (2) SLM/SAR or SEM was selected based on LR statistical values (when θ = 0 or θ + ρβ = 0). (3) SEM was selected if θ + ρβ = 0 based on the LRλ test. (3) SLM/SAR was selected if θ = 0 based on the LRθ test. Otherwise, a non-spatial model (e.g., ordinary least squares regression model) was selected if any probability value was not significant after conducting all the aforementioned tests (see Figure 1, for details).

With regards to estimation methods using spatial regression models, to the best of our knowledge, various methods of estimating spatial panel models have been proposed. Broadly, they fall into two categories: (i) generalized method of moments (GMM) and (ii) quasi-maximum likelihood (QML) estimators. All the models that can be estimated using the Stata command, xsmle, fall into the second category. The exception is the random effects of SEM, whose likelihood function involves a transformation using the Cholesky factors of a rather complicated matrix containing the parameters to be estimated, so that the matrix differentiation is extremely chaotic (12, 13).



2.5 Statistical analysis

We used the Geoda1. 14 software1 for drawing maps, and Stata SE15. 0 (release 15. StataCorp LLC, College Station, TX, United States) to conduct statistical analyses.




3 Results


3.1 Time trends and spatial distribution patterns of healthcare resource agglomeration in China from 2009 to 2017

From 2009 to 2017, all the agglomeration indexes of healthcare exhibited a downward trend except for the number of institutions in China (Table 2). Moreover, the average agglomeration indexes for five types of healthcare resources were all >1.0 during the period, indicating the agglomeration of healthcare resources in China remained at a relatively higher level of resource allocation on average during the past 9 years.



TABLE 2 Time trends of healthcare resource agglomeration in China from 2009 to 2017.
[image: Table2]

In terms of spatial distribution patterns, regional differences in healthcare resource agglomeration were observed from 2009 to 2017. For example, in 2017, we noted a north–south differential spatial distribution of all the agglomeration indexes, with a diagonal angle pattern. Most of the provinces with agglomeration indexes of >1.0 were located in the north of China, accounting for >50% of all provinces. In contrast, other provinces with agglomeration indexes of <1.0 were located in the southwest and southeast of China (Figure 2).

[image: Figure 2]

FIGURE 2
 Spatial distribution patterns of healthcare resource agglomeration in China from 2009 to 2017.




3.2 Determinants of healthcare resource agglomeration in China from 2009 to 2017

Before we conducted spatial econometrics analyses, we tested the spatial dependence with Moran’s I index and found the existence of the spatial correlation in the residuals of the OLS estimates (see Table 3). Based on the statistical criteria for selecting spatial econometric models, we chose the SDM for the number of beds, doctors, technicians, and nurses because the Wald test result was significant and the SEM for the number of institutions because the Wald test result was not significant (see Table 4). In addition, based on the Hausman test results, we selected the fixed effect for the number of institutions and the random effect for the number of beds, doctors, technicians, and nurses. Additionally, we used the QML estimation method in this study because we only needed to compute the fixed effect for the number of institutions, which was suitable for SEM analysis, while random effects of the number of beds, doctors, technicians, and nurses were suitable for SDM analyses. All the statistical assumptions required for the abovementioned methods have been satisfied (see Table 4, for details).



TABLE 3 Global spatial correlation test of healthcare resource agglomeration in China from 2009 to 2017.
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TABLE 4 Spatial econometric regression results for determinants of healthcare resource agglomeration in China from 2009 to 2017.
[image: Table4]

For the number of institutions, MMR (p < 0.01, t = −5.061) and UL (p < 0.05, t = −2.359), and PD (p < 0.01, t = 6.664) and URDI (p < 0.10, t = 1.834) were significantly associated with the agglomeration index at 1, 5, 1, and 10% levels, respectively, indicating that MMR and UL had significant negative effects on the agglomeration index for institutions, while PD and URDI had significant positive effects on it. Furthermore, the agglomeration of institutions exhibited a negative interprovincial spatial autocorrelation from 2009 to 2017 (λ = −0.134, p < 0.10, t = −1.685).

For the number of beds, the spatial autoregressive positive coefficient (ρ = 0.056) was significant at the 10% level, indicating that the bed agglomeration index exhibited a significant positive spatial correlation between provinces as a whole. PD (p < 0.01, t = 2.071), MMR (p < 0.01, t = −2.114), GHE (p < 0.01, t = 2.615), PCHE (p < 0.01, t = −4.015), NCS (p < 0.01, t = −2.919), GL (p < 0.01, t = 3.772), and UL (p < 0.01, t = 8.062) exerted a significant effect on bed agglomeration. Moreover, the coefficient of the spatial weight matrix and PD and RBWL25 was less than 0 and significant at the 1% (p < 0.01, t = −3.189) and 5% level (p < 0.05, t = −2.461), respectively, indicating that one region PD and RBWL25 had a spillover effect on bed agglomeration in neighboring regions. However, the coefficient of the spatial weight matrix and MMR was more than 0 and significant at the 1% level (p < 0.01, t = 4.499). Hence, an increase in the PD and BWL25 of one province reduced the bed agglomeration in its adjacent provinces, while an increase in the MMR of one province improved the bed agglomeration in its adjacent provinces.

For the workforce, the spatial autoregressive coefficients for the number of doctors, technicians, and nurses were all positively (all were > 0) significant at 1, 5, and 10% levels, respectively, indicating that the agglomeration of all the three types of the workforce exhibited significant positive spatial correlations among provinces. PD, URDI, GL, and UL exerted a significant positive effect on the agglomeration of the workforce, whereas both PCHE and NCS exerted a significant negative effect on the agglomeration of the three types of the workforce.

The findings concerning the interaction term coefficients of each variable and the spatial weight matrix indicated that MMR had a significantly positive spatial spillover effect on the agglomeration of doctors, medical technicians, and nurses in neighboring provinces. In contrast, PD and PCGDP had a significant negative spatial spillover effect on the agglomeration of the workforce in other provinces.

Table 5 presents the effect decomposition of factors affecting the agglomeration of beds and the workforce based on the SDM. In terms of direct effects, dependent variables of agglomeration of beds and the workforce and their independent variables demonstrated the same connections as shown in the aforementioned SDM in Table 4. In terms of indirect effects, we observed similar results in the aforementioned SDM in Table 4 that MMR exerted a positive spatial spillover effect on the agglomeration of beds and the workforce, whereas PD, RBWL25, and PCGDP exerted a negative spatial spillover effect on the agglomeration of beds and the workforce, i.e., MMR had a positive spatial spillover effect on the agglomeration of beds and the entire workforce, while PD had a negative spatial spillover effect on the agglomeration of beds, technicians, and nurses. RBWL25 had only a negative spatial spillover effect on the agglomeration of beds, and PCGDP had only a negative spatial spillover effect on the agglomeration of nurses. These results were consistent with those of the spatial Durbin regression for determining the agglomeration of healthcare resources in China from 2009 to 2017, as presented in Table 4.



TABLE 5 Decomposition of the spatial spillover effect of beds and workforce agglomeration index in China from 2009 to 2017.
[image: Table5]




4 Discussion

The findings of this study revealed a downward trend in the healthcare resource agglomeration index, except for the number of institutions that remained at a relatively higher level of resource allocation on average in China from 2009 to 2017. This finding can be attributed to China’s health reform efforts since 2009 to optimize the allocation of healthcare resources in China. Each province increased its healthcare resources through various means, such as by expanding its healthcare expenditures, building hospitals, increasing the number of beds, implementing public hospital reforms, and improving primary health services. However, the increasing number of healthcare resources remained inadequate for the growing population, resulting in declining agglomeration indexes for the number of beds, doctors, technicians, and nurses. Moreover, the healthcare resource agglomeration index exhibited a north–south differential distribution pattern across provinces. In particular, the distribution of the healthcare resource agglomeration index in the northwest, north, and northeast regions was superior to that in the southwest and southeast regions. This may be due to China’s preferential healthcare resource input into western regions in light of the implementation of China’s western development strategies since the 2000s. In addition, this finding might be attributable to the lower population in western regions than in eastern and southern regions. These factors led to a high agglomeration index in western China. This finding is in line with those of some previous studies (14–16).

PD, GHE, URDI, GL, and UL all had positive significant effects on the agglomeration of beds. However, PD, BWL25, and PCGDP had negative spatial spillover effects, and MMR had a positive spatial spillover effect on both beds and the workforce in neighboring regions.

Regarding PD, for a province, having a larger population density means inadequate access to healthcare to meet the needs of residents there for health services, which stimulates an increase of government investment in healthcare resources and an improvement of the agglomeration of healthcare resources in that province. Similarly, as part of the total health expenditure, GHE ensures that the government provides adequate healthcare resources to individuals. The supply of healthcare resources effectively increased with an increase in GHE. A previous study reported that the average annual growth rate of per capita GHE increased by 10.68%, increasing from ¥191.08 in 2009 to ¥526.95 in 2018, which further increased the probability of the concentration and agglomeration of healthcare resources across various provinces in China (17). However, factors such as differences in GHE and URDI imbalances, economic development, and the segmentation of healthcare resources across various regions have led to large differences in healthcare resource agglomeration in China (18–20).

In terms of GL, in the central and western regions, the higher the healthcare resource agglomeration index was, the more reasonable the healthcare resource allocation in those areas. GL was demonstrated to play a crucial role in healthcare resource agglomeration (21, 22). This finding can be explained by China’s focus on the coordinated development of regional economies to narrow economic and social gaps among the eastern, central, and western regions in light of the 12th Five-Year Plan and 13th Five-Year Plan since the implementation of the new medical reforms. The government had gradually increased healthcare investment in the western and central regions through various policy-related measures, including redirecting investment, capital arrangements, subsidy provisions, and supplying large-scale medical equipment (23), leading to the accumulation of beds and equipment in these regions. Moreover, the government has enhanced the agglomeration of the workforce in the western and central regions through various efforts, including the implementation of the east–west pairing health assistance programs (24, 25) and the application for special fiscal funds to the Ministry of Health, the establishment of the western health talent training project, the provision of aid to projects in Xinjiang and Tibet, and the development of policies to emphasize health talent development. The two-way mechanism of balancing the healthcare workforce between the eastern and western provinces improved the agglomeration of resources in corresponding neighboring regions (26).

In this study, UL was observed to exert a positive effect on the agglomeration of beds and healthcare human resources. This is because UL can boost economic growth by expanding demand and prompt the government to devote more energy to healthcare services and provide more beds, doctors, technicians, and nurses, thus promoting an increase in their agglomeration.

Notably, PD exerts negative spillover effects on the agglomeration of the beds and health workforce in terms of the interregional two-way flow of healthcare resources. As mentioned above, PD causes the health input of government and agglomeration of healthcare resources in one province and inevitably attracts the residents interprovincial-seeking more access to healthcare services and affects remaining agglomeration of healthcare resources in other adjacent provinces comparatively. Additionally, for one province, the higher the PCGDP is, the more it spends on healthcare, such as expanding the number of health institutions’ beds and increasing salaries of the health workforce. When the medical institutions, salary, and career development opportunities in one region are attractive, the inflow of the healthcare workforce from neighboring regions accelerates, thus reducing the agglomeration of the health workforce in the neighborhood. This finding is in accordance with those of some previous studies reporting that the spillover effect of PCGDP weakened the agglomeration of the workforce in adjacent regions (27–29).

In this study, PCHE, NCS, and MMR exerted significant negative effects on the agglomeration of institutions, beds, and the workforce. MMR also exerted a positive spatial spillover effect on the agglomeration of beds and the workforce in neighboring provinces. The implementation of the new medical reform in 2009, the promotion of urbanization, and the aging of the population have caused a gradual increase in China’s PCHE to meet the growing needs for healthcare services in the country. As a crucial component of total health expenditures consisting of GHE, SHE, and PCHE, the increase in PCHE in one region increases GHE, resulting in a decline in the agglomeration of healthcare resources in that region. Moreover, the increases in PCHE aggravate the burden of residents and decrease residents’ consumption in other aspects, thus restricting the health service needs of residents and the economic development of the country and reducing the agglomeration of beds and the workforce. To prevent this situation, the Chinese government has focused on alleviating the medical care burden of residents by implementing various medical reform policies, such as the New Rural Cooperative Medical Insurance Scheme and the Urban Residents Basic Medical Insurance. Thus, each province has made considerable efforts to reduce PCHE through various measures such as guaranteeing quality and cutting down on unnecessary expenses, reducing drug prices, developing medical payment reforms to control the growth of unreasonable PCHE, meeting the health service needs of residents, and enhancing government investment in healthcare resources to develop the economy in the region (30, 31).

For NCS, the number of college students reflects the extent to which one province invests in higher education, thus under a certain limit of government spending, more spending on education indicates that more investment in health is virtually squeezed out, resulting in a decline in agglomeration of beds and health-human resources. This finding is also consistent with prior literature (32, 33). Through the same crowd-out mechanism of PCHE mentioned above, the MMR, widely accepted as a key indicator of health and socioeconomic development, also aggravates the burden of residents and decreases residents’ consumption and government spending in other aspects, thus reducing the agglomeration of institutions and beds. Interestingly, MMR had a positive spillover effect on the agglomeration of beds and the health workforce in the neighborhood. This may be due to the “lesson-learning” effect, meaning that the reduction of MMR in one province compels neighboring provinces to implement stronger measures to reduce MMR in their regions, which results in their meeting the unmet health needs of residents and increasing the government health investment and agglomeration of healthcare resources. Some previous studies had supported one region’s MMR positive spatial spillover effect on the agglomeration of healthcare resources in the adjacent regions (34, 35).

This study has some limitations that should be addressed. First, the longitudinal data used in this study can only reflect the healthcare resource allocation status at the cut-off point of this work and does not reflect the entire picture. Therefore, a future study on changes in healthcare resource allocation, especially changes due to COVID-19 from 2020, along with comparisons with the present study, can be carried out when the data from 2017 to the present are available. Second, the calculation of the agglomeration index depends on the population in one region instead of its geography. Different results might be obtained when using the geography-based agglomeration index; this should be examined in future studies. Third, we conducted spatial economic analysis by using an adjacency spatial matrix method. Because the construction of the spatial weight matrix includes adjacency, inverse distance, economic characteristics, and nested matrices (36, 37), using different weight matrices can produce different spatial economic regression results. Therefore, a follow-up study should perform a spatial econometric analysis using two other spatial weight matrices and compare their results with those of the present study.

To balance regional differences in the agglomeration index of healthcare resources between the west and east of China, some region-specific measures should be implemented. In light of the national-level China Central Rise and China Western Development strategies, the government has been increasing the number of beds and the healthcare workforce in the central and western regions to achieve the goal of equalizing the east–west allocation of health resources. The government should focus on optimizing the internal distribution structure of healthcare resources in western regions. In accordance with the government’s latest health planning, some efforts, such as strictly controlling the number and scale of public hospitals and implementing a quality-oriented institutional development model that improves quality and efficiency instead of the rough quantity-oriented model, are required to reduce the agglomeration of institutions. Moreover, the allocation of health resources in some eastern regions should be optimized. Because healthcare resources in some eastern provinces, especially the workforce, were not adequately agglomerated, the agglomeration index in these regions was <1.0. Therefore, to increase the average level of healthcare resource agglomeration to meet the increasing needs of those regions, the government should increase the number of beds and the workforce in eastern provinces, especially in some key developed megacities with limited healthcare resources or non-central cities in the metropolitan area (38).

Considering the positive effects of PD, GHE, GL, and UL on the agglomeration of institutions, beds, and health workforce, the government should focus on consistently increasing PD, GHE, URDI, and UL. Moreover, the government should consider the negative spillover effects of PD and PCGDP on the workforce of neighboring regions and limit their development to prevent the imbalanced agglomeration of the health workforce. Correspondingly, a cross-regional consortium should be established to rationally allocate the healthcare workforce: provinces with a relatively low workforce, PD or PCGDP could coordinate with those with abundant resources and higher PD or PCGDP for the introduction and training of the healthcare workforce to maintain their balanced agglomeration.

To increase the agglomeration of healthcare resources, the government should consider the negative effect of MMR in one province and a spatial spillover effect in its adjacent provinces. For example, the government can place a high priority on maternal and child health (MCH) services and integrate vertical programs (e.g., family planning) related to MCH and alleviate the medical burden of individual residents (39). In addition, considering the positive spillover effect of MMR on the agglomeration of the beds and health workforce, the government should also construct and strengthen interprovincial cooperation in health planning and jointly formulate health development strategies to reduce MMR. Each province and its adjacent provinces should achieve a synchronous goal in terms of the agglomeration of the healthcare workforce, reduce regional differences in MMR and healthcare resource allocation, and guarantee the common sustainable development of people’s health in two regions.

The data in our study were derived from secondary statistical yearbooks, which were officially published by the Chinese government. These yearbooks provide specific indicators for the 31 provinces (municipalities or autonomous regions) in China. However, it is important to note that some key variables, such as the cost of medical services, mortality rates, the density of older adult populations, the prevalence of certain diseases in each region, and the overall level of education, were only available for a subset of provinces (municipalities or autonomous regions) and not uniformly across all provinces in China for the period spanning from 2009 to 2017. To address this issue, we plan to incorporate these omitted indicators in our future research projects. This will enhance the comprehensiveness of our study and provide a more in-depth understanding of the healthcare agglomeration time trends and the determinant factors within China’s diverse provinces (municipalities or autonomous regions).



5 Conclusion

The agglomeration of healthcare resources was observed to remain at a relatively higher level of resource allocation on average in China from 2009 to 2017. However, some north–south differential distributions in this agglomeration were noted across provinces. Using spatial econometric models, we identified that PD, GHE, URDI, GL, and UL all had positive significant effects on the agglomeration of beds, whereas both PCHE, NCS, and MMR expense had significant negative effects on the agglomeration of institutions, beds, and the workforce. In addition, PD and PCGDP in one province had negative spatial spillover effects on the agglomeration of beds and the workforce in neighboring provinces. However, MMR had a positive spatial spillover effect on the agglomeration of the beds and workforce in those regions. The findings of this study can help the Chinese government and other developing countries develop appropriate measures to balance regional disparities in the agglomeration of healthcare resources across administrative regions.
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Background: China’s rural population is immense, and to ensure the well-being of rural residents through healthcare services, it is essential to analyze the resources of rural grassroots healthcare institutions in China. The objective is to examine the discrepancies and deficiencies in resources between rural grassroots healthcare institutions and the national average, providing a basis for future improvements and supplementation of rural healthcare resources.

Methodology: The study analyzed data from 2020 to 2022 on the number of healthcare establishments, the capacity of hospital beds, the number of healthcare professionals, and the number of physicians in both rural and national settings. Additionally, it examined the medical service conditions and ratios of township health centers in rural areas to assess the resource gap between rural areas and the national average.

Results: Healthcare establishments: On average, there were 2.2 fewer healthcare institutions per 10,000 persons in rural areas compared to the national average over three years. Hospital beds: On average, there were approximately 36 fewer hospital beds per 10,000 persons in rural areas compared to the national average over three years. Healthcare professionals and physicians: On average, there were about 48 fewer healthcare technical personnel and 10 fewer practicing (including assistant) physicians per 10,000 persons in rural areas compared to the national average over three years.

Conclusion: Compared to the national average, there are significant discrepancies and deficiencies in grassroots healthcare resources in rural China. This underscores the necessity of increasing funding to progressively enhance the number of healthcare institutions in rural areas, expand the number of healthcare personnel, and elevate medical standards to better align with national benchmarks. Improving rural healthcare resources will strategically equip these institutions to cater to rural communities and effectively handle public health emergencies. Ensuring that the rural population in China has equal access to healthcare services as the rest of the country is crucial for promoting the well-being of rural residents and achieving health equity.
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1 Introduction

There are large populations spread out over large areas in rural China. With 491.04 million people, or 34.78% of the entire population, residing in rural areas of China as of the end of 2022 (1). There are more than 691,500 administrative villages and 38,602 township-level administrative regions that make up the administrative backbone of rural governance (2). When it comes to managing and providing services to rural areas around the country, this vast administrative network is crucial. But even with all this infrastructure, rural communities still have a lot of problems, especially when it comes to healthcare (3). The COVID-19 pandemic, which broke out in late 2019, revealed gaps in rural public health interventions and worsened preexisting imbalances (4, 5). There has to be better healthcare infrastructure because the virus was migratory and spread throughout rural areas, putting a burden on medical institutions and resources (4, 6).

There is an immediate need to improve healthcare infrastructure in rural areas due to the changing nature of public health crises. New infectious illnesses and public health emergencies continue to be major concerns, even if the COVID-19 pandemic has highlighted the weaknesses of healthcare in rural areas (7). Regions characterized by high unemployment rates and a lack of health insurance coverage show limited availability of COVID-19 testing and immunization facilities compared to wealthier areas (8). In recent years, the “Healthy China 2030 Strategy” has underscored the importance of health in China, a focus further intensified by the COVID-19 pandemic in 2020 (9), and people started living with anxiety and depression (10). Health issues in rural areas are complicated and unpredictable, made worse by factors including population growth, environmental deterioration, and climate change. To successfully address both the urgent healthcare demands and the long-term capacity to minimize future health crises, it is necessary to enhance the resilience and responsiveness of rural healthcare (11). To help rural healthcare in China progress, this study aims to delve into these complexities and look at how socio-economic issues intersect with healthcare services. The goal is to provide detailed insights and practical recommendations (5).

The safety of people living in rural areas depends on filling this gap. Healthcare for rural people has long been a priority for the World Health Organization, which has pushed for countries to invest in training and maintaining health workers in outlying regions (12). A care pathway is a means to enhance the quality of care across the continuum by improving risk-adjusted patient outcomes, promoting patient safety, increasing patient satisfaction, and optimizing the use of resources (13). To attain healthcare parity between urban and rural communities, academics in China continue to support the call for improved rural medical services (14). The healthcare insurance system is a significant institutional arrangement aimed at safeguarding the health of residents, enhancing their well-being, and maintaining social harmony and stability (15). Similarly, Patients with other diseases like diabetes in rural areas have poor glycemic control and a high incidence of diabetic complications. Patients with diabetes in rural areas have poor knowledge and inadequate health information-seeking behavior (16).

The purpose of this research is to assess the sufficiency of rural Chinese healthcare infrastructure, with an eye on how well it can address the medical service requirements of rural inhabitants. This research seeks to enhance rural public health and medical infrastructure by analyzing the current state of rural health management institutions through a statistical survey. The goal is to identify areas that could be improved and to influence future efforts in this area. To accomplish this, the study will examine a range of indicators, such as the quantity and quality of healthcare facilities and beds, the accessibility of healthcare workers, and the standard of medical treatment provided at the community level. The purpose of the present investigation is to evaluate the efficiency of current healthcare resources in meeting the health demands of rural areas by comparing the results to national averages and standards.

To lay the groundwork for creating individualized interventions, these investigations will shed light on the amount, condition, and degree of uniformity of rural healthcare services. This project seeks to improve the ability of local healthcare institutions in rural areas to respond to public health issues and meet the health security demands of local citizens by providing them with data-driven solutions. Recognizing the larger socio-economic dynamics affecting rural healthcare in China is vital for further explaining the significance of this study (17). Factors such as physical distance, inadequate infrastructure, and discrepancies in resource distribution frequently make it difficult for rural communities to get appropriate healthcare, compared to their metropolitan counterparts. An aging population in rural areas with unique healthcare requirements compounds these problems as younger people leave for cities in search of better prospects. Furthermore, the demand for healthcare resources and services may be shaped by the traditional beliefs and practices of healthcare that are common in rural areas. These practices and beliefs may impact how people seek medical treatment and how they perceive modern medical services.



2 Theoretical background

This study on primary healthcare resource situations in rural China is based on a complex theoretical framework. The study is positioned within frameworks that highlight the significance of primary healthcare in promoting population health and the relevance of equal access to healthcare services, drawing from literature on healthcare policy and management (18, 19). Comprehensive, community-based healthcare practices are particularly important in rural areas, as highlighted by the Alma-Ata Declaration’s principles of primary healthcare (20). Study reveals that a significant portion of Egyptian private hospitals exhibit inefficiencies, particularly in technical efficiency (21). Numbers of factors play crucial roles in influencing both operational and financial efficiency, highlighting areas for improvement to enhance overall performance in the healthcare sector.

Further, the research is in line with the WHO’s Health Systems Framework, which stresses the importance of healthcare facilities, personnel, and service provision in attaining healthcare coverage for all (22). Research on rural health disparities also helps put the specific problems, such as a lack of funding, qualified medical professionals, and physical space, that rural healthcare systems face into perspective (23). This study intends to promote rural healthcare and address gaps in access and quality of care in China by integrating various theoretical views and contributing to the growth of evidence-based policies (24).



3 Literature review

Persistent difficulties and inequalities in healthcare access and provision are highlighted in the research related to primary healthcare institutions in rural China (25, 26). Inadequate infrastructure, healthcare worker shortages, and resource inequality between urban and rural areas have been identified in earlier research (27, 28). Healthcare utilization and health outcomes in rural communities are influenced by socioeconomic factors, such as poverty and education levels, according to a study (19, 29).

Rural healthcare systems are more susceptible to public health crises like the COVID-19 pandemic, and studies looking at how these systems were handled have highlighted the importance of being better prepared and adaptable (30). Research has also looked at policy initiatives and community-based approaches as potential ways to improve healthcare delivery in rural areas (31, 32). This literature review (Table 1) lays the framework for the current survey and analysis to help address these critical healthcare challenges by combining these findings and providing a comprehensive understanding of the socioeconomic variables that influence the resource status of primary healthcare institutions in rural China.



TABLE 1 List of relevant publications on the status of primary healthcare in chronological order.
[image: Table1]



4 Materials and methods

In China, rural primary medical establishments principally comprise township health clinics, village health centers, rural community health service centers, and others (12). The construction and improvement of these institutions aim to enhance the basic medical service levels of rural healthcare facilities, ensuring that rural residents can access timely and effective medical services. The development and quantity of rural grassroots medical institutions and resources are influenced by various factors, including policies, socio-economic development, changes in population structure, and advancements in medical technology (33). To determine if grassroots medical resources in rural regions are sufficient to meet their development needs, it is necessary to evaluate several indicators and determinants. These include indicators related to physical facilities and medical services. This study aimed to compare healthcare facility resources in rural and national contexts using the following variables: number of healthcare facilities, capacity of hospital beds, healthcare technical workers, and physicians. The goal was to draw comparisons with the national average. All of these things put the state of rural grassroots healthcare facilities in China into context and show their current level of development (5). Factors like changes in the national and rural population structure are also taken into account in the analysis.


4.1 Survey on the number of healthcare institutions and hospital bed capacity

The quantity of healthcare institutions and the number of hospital beds are crucial indicators for assessing the richness of medical resources in a region. They have a significant impact on the accessibility of medical services for residents and the coverage of medical services. The number of healthcare institutions in rural areas reflects the accessibility of the coverage of medical services (34). Rural populations would have easier access to basic medical services, medical services would be less overwhelmed, and healthcare institutions would have more options if there were more of them. A hospital’s ability to treat patients is proportional to the number of beds it has. Better preparedness for emergencies, such as infectious disease epidemics, and enhanced skills for disease prevention and control are both contributed by an increase in bed capacity. The term “bed capacity” is used in this study to describe the total number of permanent hospital beds at the end of the year. This number includes both ordinary and basic beds, as well as intensive care beds, beds that are currently being cleaned and repaired, and beds that are temporarily unavailable because of renovations or expansions. The following types of beds are not included: maternity, newborn, delivery room, reserved, observation, temporary extra, and family member beds (35). When evaluating the number of healthcare institutions and hospital bed capacity in rural areas, demonstrating shifts within the rural population must be taken into consideration. According to the data from the seventh national population census, the rural population residing in mainland China was 509.78 million people in 2020, representing for 36.11% of the national population proportion (36). In 2021, according to the statistics from the China National Bureau of Statistics, the permanent rural population was 498.35 million people, constituting 35.28% of the national population (37). By the end of 2022, the China National Bureau of Statistics reported that the permanent rural population was 491.04 million people, making up 34.78% of the national population (1). The total mainland population in China was 1,411.75 million people (excluding Hong Kong, Macau, and Taiwan) (1).

As of the end of 2022, rural areas housed 33,917 township health clinics and 587,749 village health centers in rural areas. Compared to 2021, this represents a decrease of 1,026 and 11,543, respectively. In comparison to 2020, the numbers decreased by 1,845 and 21,079, respectively. Correspondingly, the total number of medical and health institutions nationwide at the end of 2022 was 1,032,918. This marks an increase of 1,983 from the previous year and 9,996 from 2020. The aggregate comprises 36,976 hospitals and 979,768 grassroots medical and health institutions (including community-based institutions and rural health centers). Compared to 2021, hospitals increased by 406, and grassroots medical and health institutions increased by 1,978. In comparison to 2020, hospitals increased by 1,582, and grassroots medical and health institutions increased by 9,732. In terms of bed capacity, as of the end of 2022, rural township health clinics had a total of 1,455,876 beds. This represents an increase of 38,466 beds from 2021 and 65,551 beds from 2020. Nationwide, the total number of beds in medical and health institutions was 9.75 million. Compared to 2021, this is an increase of 299,800 beds, and compared to 2020, it is an increase of 649,200 beds. This total includes 7.663 million beds in hospitals and 1.744 million beds in grassroots medical and health institutions. Compared to 2021, hospital beds increased by 248,700, and grassroots medical and health institution beds increased by 44,600. There was a 531,700-bed increase in hospitals and a 95,000-bed increase in community health centers and other grassroots medical facilities compared to 2020 (38–40). Although the number of rural township health clinics has decreased, the data shows that their bed capacity is on the rise. Table 2 is a statistical table of changes in the number of beds in national and rural health and medical institutions and medical institutions in 3 years from 2020 to 2022. The table counts the increases and decreases in various medical institutions in the past 3 years.



TABLE 2 Statistical table of national medical and health institutions and number of beds in 2020–2021.
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Figure 1 is a chart of the change trends of China’s rural township health centers national hospitals and urban community health service institutions from 2020 to 2022. The total number of hospitals in China remained consistent at 35,000, 37,000, and 37,000, respectively. For urban community-based healthcare service institutions, the numbers were 33,000, 34,000, and 36,000 over the same period. Rural township health clinics saw figures of 36,000, 35,000, and 34,000 during the 3 years. One major factor contributing to the decline in rural township hospitals is the ongoing urbanization process in China. As a result, fewer people live in rural areas, which in turn reduces the need for these hospitals. Patients in rural locations sometimes have limited access to treatment beds, few amenities, and as few as one or two healthcare providers at each village health center. Due to a lack of individual analysis, these centers frequently offer healthcare services that are inadequate or nonexistent.

[image: Figure 1]

FIGURE 1
 Change trends of rural and township medical institutions, national hospitals, and urban community health service institutions in China. Data source: China Health Commission’s 2022 China Health Care Development Statistical Bulletin (40).


From the trend depicted in Figure 1, the number of township health clinics has been consistently experiencing a gradual decline, while the quantity of hospitals and community health institutions in urban areas has shown a slow but steady upward trend. It is necessary to take population fluctuations into account when analyzing the capacity of rural healthcare institutions and beds to meet developmental needs (41). The following statistical study of healthcare facilities on a national and rural level accounts for population changes. This analysis does not cover public health supervision and healthcare institutions because of their unique focus on the prevention, supervision, and care of residents’ health, which sets them apart from healthcare institutions that mainly offer general treatment. In rural areas, village health centers often only have one or two healthcare workers on staff, no treatment beds, and very minimal facilities. As a result, the healthcare services they provide are often inadequate (42). Therefore, village-level health centers are excluded from this analysis. According to the data in Table 1, from 2020 to 2022, and excluding specialized public health supervision and healthcare institutions and village health centers, the total number of moderately-sized healthcare institutions in the country was 399,602, 418,367, and 432,733, respectively. Over the 3 years, the total bed capacity of healthcare institutions nationwide was 8,804,637, 9,148,544, and 9,436,375, respectively. From 2020 to 2022, the number of township health clinics in rural areas was 35,762, 34,943, and 33,917, respectively. Over the same period, the bed capacity of rural township health clinics was 1,390,325, 1,417,410, and 1,455,876, respectively. From 2020 to 2022, the total population of mainland China was 1,411.77 million, 1,412.60 million, and 1,411.75 million, respectively. The rural population during the same period was 509.78 million, 498.35 million, and 491.04 million, respectively. Figures 2, 3 show the national and rural healthcare institution-to-population ratios and bed capacity per 10,000 people, respectively. As shown in Figure 2, the national healthcare institution-to-population ratio in 2020 was 2.83 (399,602/141,177 million people), with a rural area ratio of 0.7 (35,762/50,978 million people). Figure 3 shows that in 2020, there were 62.37 beds in healthcare institutions for every 10,000 persons in the United States (8,804,637/141,177 million people) and 27.27 beds in rural areas (1,390,325/50,978 million people). For both 2021 and 2022, comparable computations were performed.
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FIGURE 2
 Number of medical institutions per 10,000 people nationwide and in rural areas from 2020 to 2022. Data source: China Health Commission’s 2020–2022 China Health Care Development Statistical Bulletin (38–40).
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FIGURE 3
 Number of beds in medical institutions per 10,000 people nationwide and in rural areas from 2020 to 2022. Data source: China Health Commission’s 2020–2022 China Health Care Development Statistical Bulletin (38–40).




4.2 Investigation of health technical personnel

In 2022, the total number of health technical personnel nationwide reached 11.658 million, an increase of 414,000 compared to 2021 and 980,000 compared to 2020. Both hospitals and community-based healthcare institutions experienced varying degrees of growth in health technical personnel. As of the end of 2022, rural healthcare institutions in China employed 1.991 million health technical personnel, representing an increase of 9,000 compared to 2021 and a decrease of 82,000 compared to 2020 (38–40). Examining the trend in the changes in health technical personnel, there is an inverse relationship between the change in rural health technical personnel and the national trend. This correlation can be attributed to the development dynamics in rural areas and overall changes in the population (Table 3).



TABLE 3 Number of health technicians in various medical institutions across the country from 2020 to 2022.
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To conduct a detailed analysis of the changes in rural health technical personnel, a comparison comparative assessment was undertaken between the ratio of health technical personnel per 10,000 individuals in rural regions and the national average. This assessment aimed to evaluate the disparities and deficiencies in the number of health technical personnel in rural areas due to the distinct focus of professional public health prevention and supervision institutions on residents’ health prevention, supervision, and healthcare, differing from general treatment-oriented healthcare institutions, this analysis excluded health technical personnel from professional public health prevention and supervision institutions for uniformity in comparison. From 2020 to 2022, the number of health technical personnel in rural China was 1.277, 1.285, and 1.326 million, respectively. After excluding public health prevention and supervision personnel, the national total for health technical personnel over these 3 years was 9.951, 10.48, and 10.878 million, respectively. By Considering the total population of mainland China from 2020 to 2022 (1411.77, 1412.60, and 1411.75 million) and the rural population (509.78, 498.35, and 491.04 million), the ratio of health technical personnel per 10,000 people for both the nation and rural areas can be seen in Figure 4. In Figure 4, the number of health technical personnel per 10,000 people nationwide in 2020 was 70.49 (995.1/141.177 million people), while in rural areas, it was 25.05 (1.277/50.978 million people). The same methodology was applied for the years 2021 and 2022.
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FIGURE 4
 Number of health technicians per 10,000 people nationwide and in rural areas from 2020 to 2022. Data source: China Health Commission’s 2020–2022 China Health Care Development Statistical Bulletin (38–40).


Health technical personnel include practicing physicians, nurses, pharmacists, and other categories, with practicing physicians being the most crucial as they directly interact with patients. According to Article 7 of the “Management Measures for the Registration of Physicians,” both practicing physicians and assistant practicing physicians can practice within the administrative division of medical, preventive, and healthcare institutions. However, practicing physicians have a broader range of practice locations. Practicing physicians can practice within the provincial-level administrative division where the medical institution is located, while assistant practicing physicians are limited to the county-level (district) administrative division where the medical institution is located and cannot practice across different locations. As per the “Interim Measures for the Qualification Examination for Medical Practitioners,” practicing physicians and practicing (assistant) physicians need to pass the medical qualification examination to obtain their qualifications. Practicing physicians or assistant practicing physicians must hold a “Physician Qualification Certificate” (43). In rural township health centers, there is a significant proportion of practicing (assistant) physicians. Table 4 provides statistics data on practicing physicians and assistant practicing physicians in national and rural township health institutions.



TABLE 4 Statistics of practicing (assistant) physicians nationwide and in rural areas.
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The calculation of the number of practicing physicians (including assistant physicians) per 10,000 people nationwide in Table 3 is as follows: In 2020, it was 28.94 = the total number of practicing physicians and (assistant) physicians in the country (4.086 million people)/the total national population in 2020 (1411.77 million people). The calculation of the number of practicing physicians (including assistant physicians) per 10,000 people in rural areas is as follows: In 2020, it was 19.32 = the total number of practicing physicians and (assistant) physicians in rural areas (52 + 46.5 million people)/the total rural population in 2020 (509.78 million people). The calculation of the number of physicians per 10,000 people in rural areas includes two levels: township health centers and village-level health institutions. The trends in the changes in the number of physicians per 10,000 people nationwide and in rural areas are illustrated in Figure 5.
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FIGURE 5
 Number of practicing physicians (including assistants) per 10,000 people nationwide and in rural areas from 2020 to 2022. Data source: China Health Commission’s 2020–2022 China Health Care Development Statistical Bulletin (38–40).




4.3 Investigation into the medical service situation of rural health institutions

Rural health institutions provide medical services, including the diagnosis and treatment of common illnesses and minor injuries, emergency care for acute diseases and accidental injuries, management of chronic diseases, health check-ups, and other services. The delivery of medical services by rural township health institutions is typically influenced by diverse factors such as regional characteristics, the national healthcare system, and economic conditions (44).

This research project conducted a survey and analysis of the medical services offered by rural health institutions in China, with a focal emphasis on parameters including the count of practicing physicians and assistant physicians in rural township health centers, total outpatient consultations, administration to inpatients care at, I rural township health centers, daily patient load per physician, and daily bed occupancy per physician. Subsequently, these datasets were then compared with the national average to assess the level of medical services provided by rural township health institutions.

Table 5 summarizes and presents these statistics.



TABLE 5 Medical services in rural health and medical institutions from 2020 to 2022.
[image: Table5]

According to the stipulations and calculation rules based on key statistical indicators from the National Bureau of Statistics of China, the interpretation and calculation rules for the relevant indicators in Table 5 are as follows: Total outpatient visits refer to the overall number of medical consultations, including outpatient visits, emergency visits, consultations provided, and medical consultations by the staff of the health center.

This also encompasses individual health check-ups conducted outside the center and health counseling sessions. Physicians’ average daily patient load is calculated as the total number of outpatient visits divided by the average number of physicians and further divided by 251. Here, 251 represents the average annual working days in a year, considering a deduction for holidays and rest days.

Taking the actual number of occupied bed days, multiplying it by the hospital’s service days (often taken as 365 days), dividing it by the average number of physicians, and then dividing it by 365 is the formula for physicians’ average daily bed occupancy. A patient’s average length of stay in the hospital is calculated as the number of discharges divided by the total number of bed days occupied by inpatients from admission to discharge. The number of hospital beds, number of practicing physicians and assistant physicians, number of outpatient visits, number of inpatient admissions, bed utilization rate, average length of hospital stay, and other statistics are taken from the National Health Commission of China’s Annual Statistical Bulletin on the Development of Health and Health Care, which is where Tables 4, 5 are located.

In Table 5, the calculation for the daily patient load per physician in rural towns and village-level healthcare institutions in 2020 is 10.2, derived as the total outpatient visits (2.53 billion visits) divided by the total number of physicians (52,000 + 46,500) in town hospitals and village-level health institutions, and further divided by 251 days. The calculations for physician daily patient load in 2021 and 2022 in rural areas are performed using the same method. In Table 4, the calculation for the daily bed occupancy per physician in town hospitals in 2020 is 1.35. This is calculated using the actual occupied bed days (139 million bed days) multiplied by the bed utilization rate (50.4%), then multiplied by 365 days, and subsequently divided by the total number of physicians (52,000) in town hospitals, this result further divided by 365 days. As physicians, village-level health institutions in rural areas typically have small scales and no beds for inpatient admission, the physicians in these institutions are not included in the calculation for daily bed occupancy. The calculations for physician daily bed occupancy in 2021 and 2022 in town hospitals are performed using the same method. In Table 5, the calculations for the national average daily patient load per physician and the national average daily bed occupancy per physician follow the same method as described in Table 4.

This methodology that relies on data analysis offers a strong foundation of evidence to create specific policies and initiatives that aim to tackle inequalities in the distribution of healthcare resources in rural areas.




5 Results

Despite continuous government investments in rural healthcare resources, China’s healthcare service system still faces issues of unreasonable distribution and configuration of medical resources. The differences seen in the medical resources between the national average and rural areas reflect the significant divide between urban and rural areas in China. The primary cause for this disparity is the “siphon effect” that occurs when large urban hospitals drain the health resources of smaller, community-based medical facilities. Healthcare is an essential kind of human capital. When it is distributed improperly, it worsens the development disparity between rural and urban regions. This misallocation also contributes to systemic problems such as shortages of medical resources and inefficiencies.

The data presented in Table 6 illustrates the differences between rural areas and the national average concerning medical institutions, bed numbers, and other aspects.



TABLE 6 Medical services in national health and medical institutions from 2020 to 2022.
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In Table 6, the disparity is calculated by subtracting the rural figures from the national figures, with the number of medical institutions per 10,000 people excluding specialized public health supervision and health care institutions, as well as village-level health clinics without beds in rural areas. From Table 7, notable differences are evident between the average quantities in rural areas and the national average in terms of healthcare institutions, bed numbers, health technical personnel, and specialized practicing physicians (including assistants). The average per 10,000 people in rural areas is notably lower than the national average.



TABLE 7 Differences in health and medical resources between the country and rural areas.
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According to the statistics provided in Table 5, spanning from 2020 to 2022, the average daily number of patient diagnoses and treatments conducted by rural township and village-level practicing and assistant physicians were 10.2, 9.95, and 9.55, respectively.

The average daily number of diagnoses and treatments performed by practicing and assistant physicians nationwide were 7.55., 7.87, 7.56 times, the three-year average number of diagnoses and treatment visits in rural areas is 2.24 times more than the national number [(10.2 + 9.95 + 9.55)/3 − (7.55 + 7.87 + 7.56)/3]; Physician Days of Rural Township Health Centers from 2020 to 2022 The average number of inpatient bed days charged by doctors across the country were 1.35, 1.3, and 1.27, respectively. The average number of inpatient bed days charged by doctors nationwide were 1.56, 1.59, and 1.51. The three-year average number of inpatient bed days charged by doctors in rural areas was 0.25 bed days less than the national average; from 2020 to 2022, the average length of stay for patients hospitalized and discharged from rural township health centers will be 6.6, 6.6, and 6.5 days, respectively. The average length of stay for patients hospitalized and discharged from hospitals and medical institutions across the country will be 8.5, 9.2, and 9.2 days, respectively. For rural patients hospitalized the average number of days per year is 2.4 days less than the national average. The data shows that the number of diagnoses and treatments burdened by rural doctors is greater than the national average, and the pressure on doctors to receive medical treatment is greater than the national average; the average length of stay for rural patients is less than the national average, and the average number of hospitalization beds per day burdened by rural doctors is higher than the national three-year average in rural areas. It is less, indicating that the service conditions for patient treatment in rural medical institutions are lower than the national average, and the medical conditions and accommodation levels of hospitals and other medical institutions outside rural areas are better than those in rural township health centers.



6 Discussion

This study investigates and analyzes the resource status of primary healthcare institutions in rural China, providing insights into medical facilities, technical personnel, and healthcare services, comparing them with the national average to study the deficiencies and disparities in rural healthcare resources. The findings of this study align with prior research that has demonstrated the disparity in healthcare resources between urban and rural areas in China. Public health emergencies provide distinct problems to various circumstances, such as pregnant women, impacting their physiological, psychological, and social well-being. This study specifically examines the circumstances behind the COVID-19 pandemic in China (45). In reality, the Chinese government has consistently rolled out a series of policies and measures to narrow the gap between rural and national healthcare resources. These measures include increasing investment in rural healthcare, improving the mechanism for training medical personnel, and promoting telemedicine. As early as 2009, China’s Ministry of Health, Ministry of Finance, and National Population and Family Planning Commission jointly issued the “Opinions on Promoting the Gradual Equalization of Basic Public Health Services,” with the objection of achieving comprehensive coverage of national basic public health service projects and significantly reduce the gap in public health services between urban and rural areas. The document envisioned that by 2020, the mechanism for the gradual equalization of basic public health services would be substantially refined, major diseases and major health risk factors effectively controlled, and the health status of both urban and rural residents further improved. The primary cause of the disparities observed in various rural healthcare resources compared to the national average is the urban–rural gap. As of the end of 2022, China’s rural population amounted to 491.04 million, individuals, constituting 34.78% of the total national population of 1,411.75 million (excluding Hong Kong, Macao, and Taiwan the urban population comprises 65.22%, of the total yet hospitals and the majority of public health resources are concentrated in large and medium-sized cities, resulting in differences between national and rural healthcare resources). There has been a gradual decline in the number of township health centers, while the count of hospitals and community healthcare institutions in cities has been consistently increasing. Similarly, the study (46) uncovered a very minor discrepancy between various regions and different tiers of hospitals in China, while certain areas still necessitate enhancement. There is a serious shortage of licensed medical professionals in township hospitals, which forces some facilities to hire unqualified healthcare technicians. Only the director of some township hospitals is qualified to practice medicine as an assistant, but other doctors may acquire rural doctor certifications (47). It is not uncommon for rural township hospitals to have a severe lack of practicing assistant physicians, whereas village health clinics rarely have any on staff. In rural areas, healthcare facilities are struggling to meet the medical treatment demands of their patients due to a lack of healthcare technical staff and practicing assistant physicians qualifying as (48). The primary factor contributing to the deficit of healthcare technical personnel is the relatively higher concentration of medical institutions in urban areas, which attract more healthcare professionals. Certain rural areas face challenges of healthcare professional outflow, as doctors and nurses prefer working in urban healthcare settings. This contributes to the shortage of medical personnel in rural areas.

The government needs to develop epidemic or pandemic strategies using data and customize them for certain demographic groups to control the pandemic condition (49). In terms of healthcare institutions and facilities, Chinese hospitals are typically organized into various levels, categorized into first, second, third, and fourth grades (special grade). The classification is primarily determined by the number of beds: fewer than 100 beds, such as township health centers, are considered first-grade hospitals; between 100 and 500 beds, with over 100 beds, are classified as second-grade; over 500 beds are designated as third-grade. Besides these three grades, there is also a fourth grade (special grade) reserved for exceptionally large hospitals. Additionally, hospitals are classified into A, B, and C levels based on technical expertise, medical conditions, and management standards. First-level rural township hospitals do not have the A, B, and C classifications because their technical proficiency and medical conditions do not meet the requirements for these classifications. Second and third-grade hospitals may have A, B, and C classifications. According to statistical data, on the one hand, there are approximately 0.7 healthcare institutions with beds per 10,000 people in rural China, contrasting with around 2.9 healthcare institutions with beds per 10,000 people nationwide. Rural areas fall short of the national average by approximately 2.2 healthcare institutions with beds per 10,000 people. Concerning the bed count in healthcare institutions, rural areas exhibit a shortfall of about 36 fewer beds per 10,000 people compared to the national average. On the other hand, based on technical proficiency, medical conditions, and management standards, rural township hospitals are all considered first-grade hospitals and do not have the A, B, or C classifications that denote comprehensive service hospitals The healthcare conditions in rural areas are rudimentary and cannot handle patients with complex medical conditions. Whether in terms of the quantity of healthcare institutions and facilities or the level of medical technology, rural healthcare resources cannot directly meet the demands of rural residents for medical institutions. A comparison of rural areas to the rest of the country over the last 3 years reveals that there are around 48 fewer healthcare technical personnel per 10,000 people and about 10 fewer practicing (including assistant) physicians per 10,000 people than the national average. According to a study, the digital economy negatively impacts the effectiveness of public health services mainly in two ways: by encouraging the use of social media and by increasing the disparity in healthcare access between urban and rural areas. Furthermore, these effects and methods of transmission display spatial variability (50). In terms of healthcare services in rural healthcare institutions, between 2020 to 2022, the rural average frequency of several medical consultations per person was 2.24 times higher than the national average. Similarly, a prior study investigated the disparities in access to and requirements for general medical care based on the level of rurality among adult inhabitants of Washington State. The study analyzed several obstacles to healthcare access across rural and urban areas, revealing notable disparities in barriers at the system level but not at the individual level. After accounting for the characteristics of the respondents (51), data indicates that rural physicians manage a greater volume of medical consultations per person compared to the national average. Since secondary, tertiary, and special-grade hospitals are concentrated in large and medium-sized cities, rural patients with complex conditions generally seek treatment directly at these urban hospitals (52). With the migration of rural patients to urban areas, the average frequency of medical consultations per person for rural physicians is 2.24 times higher than the national average, suggesting that rural physicians have a relatively larger patient load. From another perspective, this implies a shortage of rural physicians. The average length of hospitalization for rural patients is less than the national average, and the daily average hospital bed days per rural physician are lower over the 3 years compared to the national average. This indicates that the medical conditions in rural township hospitals are below the national average (53). The underlying reason is the imbalance in medical resources and facilities. In urban areas especially large and medium-sized cities, medical facilities are relatively advanced, with high-level hospitals and clinics (54). However, in some rural areas, due to economic constraints, medical facilities may be relatively rudimentary with lower equipment levels. Due to the disparity in medical resources, urban residents typically have access to higher-quality medical services, while rural residents may face issues of inconsistent medical service quality (55).

This study is unique because it conducts a thorough examination of medical facilities, technical people, and healthcare services in rural China. It offers a comprehensive view of the resources available in primary healthcare institutions. The analysis identifies the precise areas where discrepancies exist and need to be addressed by comparing these features with national averages. Although this study offers a thorough examination of resource availability in primary healthcare institutions in rural China, it is crucial to recognize specific constraints. The analysis predominantly depends on statistical data obtained from National Health Commission bulletins, which restricts the scope to quantitative parameters. By integrating qualitative data sources, such as conducting field surveys or interviews with healthcare personnel and patients, a more profound understanding of the actual experiences and difficulties encountered in rural healthcare settings can be obtained (56). In addition, the study’s emphasis on national-level patterns may mask regional discrepancies or inequalities within rural areas across various provinces or municipalities. Furthermore, the study does not thoroughly investigate the socioeconomic, policy, or geographic aspects that contribute to the observed differences in healthcare resources between urban and rural areas. Although there are limits, the findings emphasize important gaps and deficits in healthcare resources in rural areas. This underscores the necessity for ongoing efforts to overcome these inequities and guarantee fair access to high-quality healthcare services for rural residents in China (57).



7 Conclusion

The study’s findings emphasize the notable discrepancies and inadequacies in the resource condition of primary healthcare institutions in rural China when compared to the national average. The current deficiencies in medical facilities, healthcare technical people, and the quality of healthcare services in rural areas highlight the immediate necessity for focused measures to address the disparity in healthcare resources between urban and rural communities. To tackle these difficulties, it is imperative to adopt a comprehensive strategy that includes augmenting funding for rural healthcare infrastructure, establishing incentive programs and retention initiatives for healthcare practitioners, advocating for telemedicine and remote consultation, enhancing the skills of rural healthcare workers, and fortifying the referral system between primary care facilities and higher-level hospitals. To provide equitable access to quality healthcare services for both urban and rural populations in China, authorities can address these concerns by implementing evidence-based policies and practices. This study offers significant insights and establishes a starting point for monitoring progress and evaluating the effectiveness of programs designed to diminish gaps in healthcare resources between urban and rural areas. It is imperative to recognize that guaranteeing access to high-quality healthcare is not solely a matter of distributing resources, but also a problem of social equity and long-term viability. Allocating resources to enhance rural healthcare infrastructure and staff will positively impact the overall welfare and efficiency of rural communities, ultimately yielding benefits for the entire nation. To tackle the intricate issues encountered by rural healthcare systems in China, it is imperative to have persistent endeavors, cooperation among diverse stakeholders, and sustained dedication in the long run. By giving priority to enhancing healthcare resources in rural areas, the government may make a substantial stride toward attaining universal health coverage and fostering health equity for all its residents.
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Introduction: Breast cancer is among the most frequently diagnosed cancers worldwide, with 2.3 million new cases reported annually. The condition causes a social and economic impact known as financial toxicity of cancer. The study aims to explore the extra expenses borne by patients and their families on being diagnosed with breast cancer.

Methodology: An observational, descriptive, cross-sectional study was conducted. The data was collected between November 2021 and March 2022 at the Medical Oncology Service in Complejo Asistencial Universitario de Salamanca, Spain. The variables under investigation were additional economic costs, physical disability (as measured by the Barthel Index), instrumental activities of daily living (as measured by the Lawton-Brody Scale), and caregiver burden (measured using the ZARIT scale).

Results: The final sample size was N = 107. The study yielded the following outcomes: the median age was 55 years old and the majority of participants were female, with a proportion of 99.1%. The incidence rates for stage I and II were 31.8 and 35.5%, respectively. The median Barthel score was 100 points, while the Lawton and Brody score were 8 points and the ECOG score was 2 points. The analysis of primary caregiver burden resulted in a median ZARIT score of 15 points. The expenses related solely to the cancer diagnosis totaled 1511.22 euros per year (316.82 euros for pharmaceuticals; 487.85 euros for orthopedic equipment; 140.19 euros for home help; and 566.36 euros for housing adaptation or transfer to a hospital). The average annual income before diagnosis was 19962.62 euros. However, after being diagnosed with breast cancer, there is a significant income decrease of 15.91%, resulting in a reduced average annual income of 16785.98 euros. Additionally, a significant correlation was found between total expenditure and the level of dependency (p = 0.032) and functional status (p = 0.045).

Conclusion: These findings indicate that breast cancer patients experience a considerable economic burden, which worsens as their functional status deteriorates. Therefore, we believe policies should be implemented to help control this economic deterioration resulting from a serious health condition.

Keywords
 financial toxicity cancer care; healthcare disparities; cost; socio-economic impact; breast cancer


1 Introduction

Cancer is a widespread ailment with a significant impact on global health. While survival rates have substantially improved over time, cancer diagnosis continues to be one of the primary causes of illness and death worldwide (1).

Cancer is a concern for public health since it influences social, political, economic and cultural transformation. Moreover, breast cancer has a significant impact on the living conditions of a vast segment of society, negatively affecting the quality of life and economic potential of patients and their families due to the substantial social and economic costs associated with the disease (2).

Breast cancer is among the most frequently identified cancers and is expected to affect one in two women during their lifetime. Notably, there were 2.3 million new breast cancer cases globally in 2020 (3), and a total of 34,088 new diagnoses of breast cancer were reported in Spain in 2022 (4).

The cycle of illness affects not only the physical body, but also the personal, family, and environmental spheres. Therefore, a biopsychosocial approach is required. Additionally, the impact of the disease extends beyond the individual and involves their social, familial, and professional surroundings (5).

The patient’s life and family members’ lives will undoubtedly experience alterations throughout the disease’s progression. These changes can impact family and social ties, household duties, and even the patient’s and their relatives’ employment (6).

The adverse effects resulting from cancer treatment, such as nausea, vomiting, dizziness, diarrhea and constipation, can lead to a decline in life quality. In addition to this, the emotional turmoil faced by many patients, encompassing feelings of sadness, anxiety, fear and depression, as well as their social circumstances exacerbate the situation (7).

Cancer patients have diverse physical and psychological requirements throughout their illness and thus necessitate extensive care, including continuous care (8).

The disease’s impact extends to the patient’s ability to reintegrate into the labor market due to periodic absenteeism for check-ups (9).

Cancer remains the most significant socio-health issue, despite its high economic burden on both the patient and their family (10).

The estimated cost of cancer in Spain is €19.3 billion, with breast cancer accounting for €2.2 billion (11). In Spain, the Social Security system covers the expenses of patients’ care. Nevertheless, patients are still responsible for various expenses, including the cost of dietary products, wigs, transportation from home to hospital, alterations to the home, and changes to their diet.

Additionally, it should be noted that this is not the case in all parts of the world, as the costs of the disease largely depend on current healthcare policies. If oncological treatments are not covered by national health systems, the estimated average cost of breast cancer treatment can vary significantly depending on the country, the type of treatment, and the resources used. In the United States, for example, according to a study by the American Cancer Society, the average cost of breast cancer treatment can range from $20,000 to $100,000 per year, depending on factors such as the stage of cancer, the type of treatment, and whether costs of surgery, radiotherapy, chemotherapy, medications, and continuous care are included. In the United Kingdom, the NHS covers most of the treatment costs for residents, but the costs associated with breast cancer treatment (in terms of market value) can be similar to those in other European countries, ranging from £20,000 to £40,000 per year. Meanwhile, in countries with mixed or private healthcare systems, such as some in Latin America or Asia, costs can vary widely. In Brazil, for example, the cost can range from $15,000 to $25,000 per year depending on the type of treatment and insurance coverage.

Cancer has an economic impact on both patients and their family members, as there is a reduction in income that varies based on the length and severity of the illness. This can result in different types of incapacity. In addition, there are costs associated with treatment such as dietary changes and transportation to the hospital.

Illness costs are accepted by families who try to cope as best they can. However, such costs can harm family dynamics, particularly among vulnerable and low-income groups, where expenses increase and income decreases (2). Families bear 45% of the overall costs of the disease, whereas the remaining 55% of these costs are covered by the health care system (11).

Due to time off work because of treatment side effects or the disease itself, patients may experience a severe decrease in income of up to 75%. The disease may have also caused a decrease in income due to disability. Furthermore, there has been a 15% rise in expenses (11).

Breast cancer results in higher household spending on pharmaceuticals, parapharmaceuticals (particularly skin care products), and orthopedic equipment such as wigs, bra fittings, and breast prostheses. Additionally, third-party assistance is required for any task that the diagnosed individual needs help, support, or supervision with. This incurs additional costs (10).

Moreover, there is an income loss for both the affected individual and their caregiver. Breast cancer has a more significant effect on the patient’s income than on the long-lasting costs of the disease, making it challenging to make the financial toxicity of the illness apparent (10).

The economic consequences of cancer result in 24,942 instances of social vulnerability each year solely due to the diagnosis of the disease (11).

Cancer generates a range of needs in patients and families, including social, economic, and employment issues, that are often not considered despite their crucial importance throughout the course of the disease.

We hypothesize that breast cancer patients and their families bear the costs of the disease, which could potentially impact household finances, rather than the Spanish state.



2 Materials and methods


2.1 Aim and design of the study

An observational, descriptive, cross-sectional, non-probabilistic sampling study was designed without replacement with prevalence of breast cancer disease at baseline.

The aim of the study was to examine the current socioeconomic situation of breast cancer patients at the Salamanca Hospital and to assess the repercussions that may exist depending on the personal situation of each patient.

The study sought to demonstrate that breast cancer patients have difficulties related to the disease in biological terms, but also in economic terms and extraordinary expenses (pharmacy, parapharmacy, support products, help from a third person, etc.).



2.2 Participants

Breast cancer patients at the University Hospital of Salamanca were selected for the study according to predetermined inclusion and exclusion criteria.

Inclusion criteria include an oncological breast cancer diagnosis, being a patient at the University Hospital of Salamanca, being over 18 years old, and voluntarily agreeing to participate (by signing an informed consent form).

Exclusion criteria consisted of patients diagnosed with cancers other than breast cancer, those not meeting the age criteria, those who did not consent to participate in the study by not signing the informed consent form, and those who had been previously assessed.

To determine the sample size, we considered the incidence of the disease under study in Spain, in this case breast cancer. In this case, we applied the formula used to estimate the average sample size required. Therefore, we considered that the incidence of breast cancer in the year prior to the study was 34,750 cases, according to the Spanish Society of Medical Oncology (SEOM) (1). Based on this, and assuming a 95% confidence level, with a precision (d) of 3 and a variance (S2) of 250, we obtained a necessary sample size of N = 107 individuals. This is adjusted for expected attrition by setting an expected attrition rate (R) of 15%, giving a loss-adjusted sample of 127 individuals.

A sample of 107 participants was obtained between November 2021 and March 2022. The participants were randomly selected without replacement from patients affiliated with the Salamanca Hospital Complex, including those who were admitted to the Medical Oncology department or receiving outpatient care at the Oncology Day Hospital. Details on the sampling procedure can be found in Figure 1.

[image: Figure 1]

FIGURE 1
 Sample selection flowchart.




2.3 Procedure and data collection

The technique used for sample selection was non-probabilistic sampling, simple, without replacement. We used a questionnaire created specifically for this study, which was then passed on to the participants after they had completed the informed consent form. The time taken to complete the questionnaire individually ranged from 10 to 15 min depending on the situation of the patient being interviewed.

After the questionnaire, the patients and caregivers themselves were assessed on different measurement scales chosen on the basis of their reliability and validity to take into consideration the level of dependency, primary caregiver overload and quality of life.



2.4 Primary and secondary outcomes

The primary variable under consideration was the supplementary expenses incurred by breast cancer patients and their families, which are not covered by the publicly-funded Social Security or Public Health System. A study-specific questionnaire was employed to quantify these expenses. The secondary variables comprise patient health data encompassing cancer type, date of diagnosis, disease stage, treatment methods, side effects, and level of dependency. We also captured various socio-demographic data and intervening variables related to the employment and financial circumstances of the patient and their family, such as economic standing, employment status, disabilities, pensions/benefits, economic earnings in the last fiscal year, earnings before diagnosis, and changes in family income. We have considered the study of these outcome variables based on two fundamental factors: firstly, the literature review, understanding and extracting from it those factors that could influence our study; and secondly, based on our daily clinical practice, what patients express to us, and our considerations derived from the experience gained in recent years in the Medical Oncology Service.



2.5 Variables and measurement instruments

Barthel Index (BI) (12): This tool is used to evaluate patients’ physical disability and assess their functional disability regarding their activities of daily living (ADLs). The BI is highly reliable and valid, and it is straightforward to use and interpret. The scale is divided into 10 items that measure basic ADLs, including eating, washing, dressing, grooming, bowel movements, urination, using the toilet, transferring, ambulation, and walking up and down stairs. Scoring ranges between 0 and 100. The total of scores determines if a patient is classified as Total, having less than 20 score points, Severe, with between 20 and 35 score points, Moderate, with between 40 and 55 score points, Mild, with greater than or equal to 60 score points or fully independent, having 100 score points.

Lawton-Brody Scale (13): This tool assesses independence and dependence in performing instrumental activities of daily living (IADLs). The scale comprises 8 items, including the ability to use a mobile phone, go shopping, take care of the house, do laundry, use means of transport, be responsible for taking medication or drugs, and handle money. Scores range from 0 to 8. The calculation’s outcome can determine the patient’s level of dependency, which may fall under Total (0–1 points), Severe (2–3 points), Moderate (4–5 points), Slight (6–7 points), or Independence (8 points).

ZARIT Caregiver Burden Interview (14): is employed to evaluate stress experienced by the primary caregiver of the patient by means of a 22-item questionnaire with 5 possible responses (never, rarely, quite often, almost always). The responses range from 1 (never) to 5 (always). The total scores may lead to no overload (score of 46 or lower), mild overload (score between 47 and 55), or severe overload (score exceeding 55).

ECOG scale (15): The ECOG scale, also known as the “Performance Status,” assesses the patient’s overall health status and quality of life. It considers the changes in the patient’s daily life activities and is divided into five levels or groups from ECOG 0 (full independence) to ECOG 5 (deceased patient) with only one of the items being scored. Technical terms are explained on first use. Results obtained from this assessment can be: ECOG 0—Patients displaying no symptoms and being able to perform daily activities and exertion normally. ECOG 1—Patients experiencing symptoms that obstruct their exertion but are still capable of carrying out daily activities and light work. The patient is confined to bed only during sleeping hours.

ECOG 2—Patients unable to execute any work due to symptoms and are forced to be in bed for several hours a day along with nighttime sleeping hours, but not more than 50% of the time. The patient is able to meet most personal needs independently. According to the Eastern Cooperative Oncology Group (ECOG) criteria, the patient falls under the ECOG 3 category, requiring to be confined to bed for more than half of the day due to symptoms and requiring assistance with most daily activities. In the ECOG 4 category, the patient remains bedridden and needs assistance with all activities of daily living, including personal hygiene, mobilization in bed, and even feeding. Lastly, in the ECOG 5 category, the patient is deceased.

All measurements were recorded on a data collection sheet for each patient and subsequently entered into a database created specifically for this research.

The instruments necessary to obtain the data were administered on a single occasion and were not carried out sequentially in time.

The study’s objective and the voluntary nature of participation were communicated to the participants and primary caregivers, who authorized their involvement by signing an informed consent form.

The lead researcher provided the patient with the study questionnaire, which was later retrieved and collected by the same individual. The designated measurement scales were then used to obtain the study results.

The questionnaire and measurement scales, based on the sample size and inclusion/exclusion criteria, provided the requisite data to conduct this study.



2.6 Statistical analysis

Statistical analysis was performed using International Business Machines’ (IBM) Statistical Package for the Social Sciences (SPSS) version 25 (IBM Corp., Armonk, NY, United States).

We have carried out a descriptive analysis considering maximum and minimum values, as well as the presence of possible outliers, considering or not their suitability by means of a box diagram as a standardized method.

We performed an analysis of the socio-demographic characteristics of the sample and the scores of the instruments and measurement scales of the study.

The variables were analyzed using Kolmogorov–Smirnov statistics by means of which we were able to determine normality by parametric means (normal variables) or non-parametric means (non-normal or ordinal variables).

In all cases we have described the variables with the corresponding statistics. Normally distributed variables have been defined by means of mean and standard deviation using parametric methods. Variables with non-normal distribution have been defined by median and interquartile range following a non-parametric approach.

Categorical or qualitative variables were defined using frequencies and percentages.


2.6.1 Statistical analysis

In all cases we have described the variables with the corresponding statistics. Normally distributed variables have been defined by means of mean and standard deviation (m and s = following parametric methods). Variables with non-normal distribution were defined by median and interquartile range (M and IQR) following a non-parametric approach.

The normality test oriented most of the calculations toward the non-parametric way (p < 0.05).

The analysis of correlations was solved with Spearman’s correlation coefficient (Spearman’s rho).

In all cases a 95% confidence interval was considered, i.e., an alpha risk, type I error, set at 0.05 (α = 0.05); with significance indices of p < 0.05. The results obtained have been expressed with the value of the statistic, as well as the p-values and those data that are most interesting for the interpretation of the results.

Data were analyzed with the SPSS Statistics version 26.0 software (IBM Corp, Armonk, NY, United States).




2.7 Ethical aspects of the study

The study was conducted in accordance with the Declaration of Helsinki, and approved by the Bioethics Committee of the University of Salamanca (ID507). The Bioethics Committee of the University of Salamanca has favorably agreed to carry out this research with registration number ID507, complying with the ethical requirements for its execution on 3 February 2021.




3 Results


3.1 Descriptive statistics

The final sample of the study comprised n = 107 individuals.

Tables 1–3 provide a comprehensive overview of the descriptive data related to the sociodemographic variables and the variables under consideration in the study. The data show that the median age of patients is 55 years, while the median age of primary caregivers is 57 years. There is an overwhelming majority of women, accounting for 99.1% of the sample’s gender distribution. Regarding the educational level of the study subjects, primary education predominates, with 43% of the sample. In terms of occupation, the majority are employed by others (43.9%). Additionally, almost half of the sample is married (48.6%). Lastly, concerning the stage of the oncological disease, we observed a higher incidence of stages I and II, with 31.8 and 35.5%, respectively.



TABLE 1 Descriptive analysis of study variables I.
[image: Table1]



TABLE 2 Descriptive analysis of study variables II.
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TABLE 3 Average descriptive analysis of the financial costs of cancer disease.
[image: Table3]

In the descriptive analysis of the study variables, it is notable that patients exhibit a median Barthel Index score of 100 points (indicating independence in daily activities), 8 points on the Lawton and Brody scale (indicating independence in instrumental activities of daily living), and 2 points on the ECOG scale. Furthermore, analyzing the primary caregiver’s level of burden, a median ZARIT questionnaire score of 15 points was obtained, indicating a high level of burden.

The descriptive analysis of the economic expenses related to the oncological disease is presented below. These results are depicted in Table 3. The average total expenditure amounts to 1511.22 euros per year, expenses solely attributed to the diagnosis of cancer. It is also observed that the average annual income before diagnosis is 19962.62 euros, while after the onset of the oncological disease, it decreases by 15.91%, resulting in an average annual income reduction of 16785.98 euros.

Upon further analysis of different components, a distinction has been made in expenses related to the acquisition of orthopedic material, home assistance, pharmacy, the need for hiring a third party, and the necessity for home adaptation or hospital transfer. The data are presented in Table 4.



TABLE 4 Descriptive analysis of cancer-related economic expenditure.
[image: Table4]



3.2 Analytical statistics

Subsequently, analytical statistics were conducted, initially involving a correlation analysis of the variables under scrutiny.

The first correlation analysis is presented in Table 5, wherein:



TABLE 5 Correlation analysis.
[image: Table5]

A direct correlation is established between Barthel, Lawton Brody, ECOG, and Zarit scores (p < 0.005). This implies that higher levels of dependency are associated with a poorer quality of life among cancer patients and a heightened level of burden for the primary caregiver.

A direct correlation is also identified between age and levels of dependency and caregiver burden among cancer patients (p < 0.005). In essence, the older the patient, the higher the levels of dependency observed, consequently leading to increased caregiver burden.

Finally, a secondary regression analysis was performed, aiming to ascertain the relationship between expenditure levels and the various variables under examination. The following results were obtained:

A direct relationship exists between the level of dependency, as measured by the Barthel index, and expenses related to home assistance (r = −0.488; p < 0.05), as well as with expenses associated with home adaptation (r = −0.252; p < 0.05).

Similarly, a direct correlation is observed between the level of dependency in instrumental activities of daily living, measured via the Lawton Brody scale, and expenses related to home assistance (r = −0.476; p < 0.05).

Further exploration of the relationship between variables was conducted through a linear regression study, with total extraordinary expenditure and expenditure in each of the studied areas (pharmacy, orthopedics, home assistance, and housing) serving as dependent variables. This analysis yielded statistically significant relationships:

• Total expenditure and level of dependency (Barthel Index), p = 0.032.

• Total expenditure and patient functional status (ECOG), p = 0.045.

• Expenditure on orthopedic material and patient functional status (ECOG), p = 0.025.

• Expenditure on home care and level of dependency (Barthel index), p = 0.043.

• Expenditure on housing and level of dependency (Barthel index), p = 0.033.




4 Discussion

The main objective of this study was to examine the socioeconomic consequences of breast cancer on patients and their families. Cancer represents one of the most significant health issues worldwide (16–18), affecting individuals to varying degrees and incurring additional expenses that impact their daily lives. This study provides evidence of the costs associated with cancer, with the most significant ones being those related to the acquisition of pharmaceutical materials (€316.82 per year), orthopedic materials (€487.85 per year), home assistance (€140.19 per year), and hospital transportation (€566.36 per year), along with a decrease in income by 15.91%. It is worth noting that previous literature has analyzed these same categories in studies of similar characteristics in other countries (19–21). A clear pattern emerges from the variables analyzed in various studies, which is similar to our findings. These variables include gender, sex, cancer type, stage, educational level, place of residence, employment status, annual household income, months elapsed since diagnosis, disability and type (22–24).

It is crucial to highlight the importance of financial support for cancer patients. Numerous studies, including this one, have demonstrated that the public health system fails to adequately meet the financial needs of patients (25, 26). This shortcoming is particularly evident in Spain, where Dependency Law 39/2006, designed to aid individuals with intensive support needs, has an excessively long resolution period, sometimes extending up to 6 months. This bureaucratic delay not only hinders access to necessary resources at critical times but also exacerbates the financial strain on families already dealing with additional costs associated with the disease, such as uncovered medical expenses, transportation, and home adaptations.

The most tragic aspect of this situation is that many patients who urgently require this support pass away before receiving the necessary assistance. This unfortunate outcome highlights a systemic failure in delivering essential services, underscoring the need for immediate reforms in the process of granting aid under the Dependency Law. The delay in resolving these applications not only has a devastating impact on the quality of life of patients and their families but also perpetuates socioeconomic inequality by leaving the most vulnerable individuals unattended. A review and streamlining of these procedures are imperative to ensure that the public health system fulfills its goal of providing effective and timely support to those who need it most.

The quantity of income for households is greater when the patient was employed or self-employed prior to their diagnosis, as opposed to receiving any disability, retirement, or other benefits. There are many patients in our sample who, due to their diagnosis, are not able to continue working in their own company despite being self-employed and are required to continue paying contributions and other expenses.

Certainly, a cancer diagnosis is accompanied by a decrease in functionality, including impairments in both basic and instrumental activities of daily living (ADLs), and an associated increase in dependence. These issues have been observed in studies that examine a range of aspects, such as patient mobility and levels of autonomy (25, 26). This finding is of significant importance for our research since our results indicate that higher scores on scales assessing patient autonomy correspond to greater healthcare expenditures.

Difficulties arise when deciding to become the primary caregiver for a patient due to the risk of developing claudication, Burnout Syndrome, or overload (16, 27). This is particularly relevant as our study has shown that caregiver overload has a direct impact on the family’s expenditure.

Having said all of this, one of the most crucial findings was the identification of a link between cancer and household income. The lower an individual’s socio-economic status, the more significant the detrimental impact on their prognosis (28). We can therefore infer that the key factor contributing to the reduction in income is the cancer itself and its progression.

To assess the socio-economic effects on other pathologies, we conducted a comprehensive literature review and identified a significant study in our country that addresses a variety of neurodegenerative conditions.

A study by Garcés et al. (29) featured an extensive patient cohort with various neurodegenerative diseases, such as Alzheimer’s and other dementias, Parkinson’s disease, multiple sclerosis (MS), neuromuscular disorders, and amyotrophic lateral sclerosis (ALS).

The findings closely resemble those of our study. Both neurodegenerative and oncological diseases inflict a substantial socio-economic burden on patients and their loved ones. This burden is shaped by numerous factors, including pharmacy costs, assistive products, home modifications, transportation, and more.

It is worth noting that all illnesses entail significant expenses for their sufferers and families. Regrettably, these increased costs are not covered by the national healthcare system.

The study conducted by Mutyambizi et al. (30) on diabetes at two public hospitals in South Africa affirms that patients are accountable for up to 50% of healthcare expenses, leading to disparities between poor and affluent families and acting as a catastrophic determinant of patients’ health.

This study underscores how various pathologies generate costs that are indirectly borne by patients and their families.

The study undertaken by Russella and Gilson (31) examined the direct relationship between health and economic impact in diverse households. The results indicated that chronic or serious illnesses result in high costs for families and may negatively affect their means of subsistence.

He concluded that in Sri Lanka, where there is a free public health service, household expenditures caused by severe illnesses were indirect costs that arose from the illness and were not paid for by the public service.

The study by Chuma et al. (32) is significant for demonstrating the direct and indirect costs households can incur due to chronic illness. This can exacerbate the socio-economic situation of the patient and family, resulting in decreased well-being.

Financially-stricken households with chronic illnesses are more common among lower-income families, who primarily use the sale of family assets and real estate to fund healthcare costs (32).

Regrettably, the significant impact on quality of life is often overlooked.

Public policies must address situations where not only the disease is significant from a health and biological standpoint, but also from social, socio-economic, and financial perspectives.

Furthermore, it is important to emphasize a noteworthy finding from our study, revealing a direct correlation between individuals’ level of dependence and increased financial expenses. This contrasts with the results of Garcia et al. (33) previous studies. Where inconsistent data was observed, a statistically significant relationship could not be established. The studies differed only in their anatomopathological diagnosis; our study solely involved patients diagnosed with breast cancer, whereas the analyzed study included all types of cancer without stratification by diagnosis. This finding may serve as a foundation for future studies.


4.1 Limitations


4.1.1 Direct and indirect causality

We were only able to observe this in patients already diagnosed with oncological disease, but not from the beginning, rendering our study incomplete as we cannot ascertain with total accuracy the evolution of the impact caused.



4.1.2 Lack of evidence and reliability

The bibliographic search conducted has been scarcer than expected, due to resource constraints and the scarcity of scientific evidence in some cases.



4.1.3 Ethics and morality

Money as a taboo subject. By this point, I mean that a significant limitation has been the reluctance of many patients, especially the older adult or women in more traditional settings, to discuss their income. Consequently, many questionnaires had to be discarded, leading to a decrease in the obtained sample size.

Despite findings from multiple studies supporting our hypothesis that cancer deteriorates the functionality of the sufferer and generates additional expenses, we recognize that oncological disease is influenced by multiple factors, with cancer itself being the primary driver of the socioeconomic impact.

The widespread lack of awareness is the main obstacle to addressing this significant problem that affects us all, directly or indirectly, diminishing quality of life.

Based on the findings, it’s imperative to further investigate the economic shortcomings stemming from diagnoses of serious illnesses like cancer. This exploration is crucial for gaining a precise understanding of the origins of these financial limitations, with a particular focus on distinguishing between different types of oncological diagnoses. Once these deficits and their causes are identified, it becomes essential to implement necessary changes aimed at alleviating the severe impact of diseases like cancer on individuals’ lives. This includes ensuring that economic challenges resulting from the illness do not exacerbate the already significant burden faced by patients and their families.





5 Conclusion

The study has identified various socio-economic challenges encountered by oncology patients, including expenses related to pharmacy, parapharmacy, orthopedic materials, accompanying services, external professional caregivers, or transportation to the hospital. Additionally, the degree of dependency or autonomy affected by the oncological disease impacts socio-economic status, as incapacity often leads to the abandonment of occupations, resulting in a decrease in income. Furthermore, household income experiences a significant reduction when primary caregivers experience overload.

In summary, the overarching conclusion of the study is that the additional expenses incurred by breast cancer patients are primarily attributable to the diagnosis of breast cancer itself.
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Background: The prevalence of obesity has increased significantly in recent decades. Today, it is estimated that more than one-third of the world’s population has overweight or obesity, rendering it one of the most significant global health concerns. This article provides a current estimate of the direct costs associated with managing overweight and obesity, including treatment of related complications, among adolescents (≥15 years) and adults in Switzerland.

Methods: Prevalence of overweight and obesity based on the BMI reported in the 2017 Swiss Health Survey was extrapolated to 2021. Systematic literature searches were performed to identify treatment costs and epidemiological data of obesity-related complications and costs were extrapolated to 2021. Costing methodology was based on available source data for individual related complications. Treatment costs for complications attributable to overweight and obesity were estimated by applying their population attributable fraction (PAF).

Results: More than 3.1 million inhabitants of Switzerland aged ≥15 years met the criteria for overweight or obesity in 2021. The prevalence of overweight increase over the past decades from 30.4% in 1992 to 41.9% in 2017 while prevalence of obesity doubled from 5.4 to 11.3%. Overall, the total attributable costs of overweight and obesity caused by seven assessed obesity-related complications (asthma, coronary heart disease, depression, diabetes mellitus, hypertension, osteoarthritis, and stroke) are estimated at CHF 3657–5208 million with most of the costs (97–98%) caused by the assessed obesity-related complications. Only 2–3% of the total costs were attributable to the combined direct management of overweight and obesity by bariatric surgery (CHF 83 million), pharmacological therapy (CHF 26 million) and dietary counseling (CHF 18 million).

Conclusion: Overweight and obesity impose a significant cost impact on the Swiss healthcare system, accounting for 4.2–6.1% of total healthcare expenditures in 2021. Notably, direct treatment of overweight and obesity accounts for only 0.08–0.18% of the total healthcare expenditures. The analysis also revealed a significant lack of available health economic evidence, necessitating the use of assumptions and approximations in this estimation. This is noteworthy, as respective data would be available in healthcare systems but are either unpublished or inaccessible.
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1 Introduction

Obesity is a complex, multifactorial, and difficult-to-treat chronic disease that is associated with premature mortality and chronic morbidity such as diabetes, cardiovascular diseases, or malignancies, which may severely compromise patients’ life expectancy and their overall quality of life (1, 2). The impairment of activities of daily living and the perceived stigmatization contribute significantly to the burden, resulting in a self-perpetuating cycle that adversely impacts the individual’s health, as well as psychological and psychosocial functioning, further solidifying this vicious cycle (3, 4).

In addition to the adverse effects of overweight and obesity on the individual, these conditions also contribute to the development of several noncommunicable diseases from a public health perspective, leading to an increased consumption of healthcare resources with implications for healthcare systems and societies (5, 6). In response to the global rise in obesity prevalence, the World Health Organization (WHO) declared obesity an epidemic in 1997, citing the overwhelming consequences on personal health as well as public healthcare systems (7). The prevalence of obesity has increased significantly in recent decades, with estimates indicating that more than one-third of the world’s population has overweight or obesity, rendering it one of the most significant global health concerns (8).

The determination of the health economic costs of a disease is essential for determining preventive measures and decisions about allocation of healthcare budgets. Unfortunately, estimating the cost of obesity is challenging for this chronic condition, that can be thought of as a risk factor for other diseases with a complex health economic footprint. Published data regarding the cost of obesity is rare. Especially for Switzerland, there is only very limited data available with the most relevant publication by Schneider and Venetz in June 2014, which was commissioned by the Federal office of public health (FOPH) (9). The primary objective of the present study therefore was to update a previous cost estimate with most current economic and epidemiologic data. This update focuses on direct costs, i.e., the costs directly incurred by the management of overweight and obesity, as well as the treatment of the seven most health economically impactful obesity-related complications. Indirect costs typically including productivity losses, as well as presenteeism and absenteeism, although significant in their magnitude and a major cost driver for the chronic diseases presented here, play a less important role in public health decision making, although they represent a substantial economic burden. This is due to their inherent challenges of accurately quantifying such costs and the structural allocation of these costs to the social systems rather than healthcare funds, which is why this study focused on estimating of direct costs only.

The direct costs of managing and treating patients with overweight or obesity considered in this study include dietary counseling, pharmacologic therapy, and bariatric surgery, as well as treatment of obesity-related complications (inpatient and outpatient services as well as prescription medications). The obesity-related complications assessed were based on the highest costs attributable to overweight and obesity as reported by Schneider and Venetz in 2014 and include asthma, coronary heart disease (CHD), depression, diabetes mellitus, hypertension, osteoarthritis, and stroke (9). To estimate the costs of the selected obesity-related complications, it was necessary to determine the contribution of overweight and obesity to the occurrence of each disease. The population attributable fraction (PAF) expresses the extent to which a specific risk factor (or group of risk factors) contributes to the burden of a disease (i.e., the incidence of the disease and, if monetary values are assigned, the cost of the disease) (10).



2 Materials and methods

The Body Mass Index (BMI) is an internationally applied measure to classify individuals according to the relationship between their body height and weight and allows comparison of data between populations or longitudinally within a population (11). The range for (non-Asian) adults is defined by the WHO as underweight <18.5 kg/m2, normal weight 18.5–24.9 kg/m2, overweight (pre-obesity) 25.0–29.9 kg/m2 and obesity ≥30.0 kg/m2 (12). These definitions were used in the present analysis.


2.1 Prevalence of overweight and obesity Switzerland

Data from six Swiss Health Survey (SHS) conducted at 5-year intervals since 1992/93 were used to estimate the prevalence of overweight and obesity in adolescents aged 15 years and older and the adult Swiss population (permanent residents, regardless of citizenship status) (13). The adjustment of the population to 2021 was based on the 2017 SHS, the most recent version available at the time of the present study, with linear extrapolation for the Swiss population as reported by the Federal Statistical Office (FSO) for 31.12.2021 (14).



2.2 Dietary counseling costs

The number of dietary consultations was requested from Santésuisse for January to June 2022, as the COVID-19 pandemic led to a reduction in consultations in 2021 and would have underestimated the costs. The number of inpatient and outpatient consultations was requested, broken down by category of consultation (e.g., first, second to sixth) and the corresponding tax point values (15, 16). One tax point value was equal to one Swiss franc (CHF) at the time of this study (17, 18). Due to a lack of available data on underlying diagnoses for dietary counseling, expert interviews were conducted to inquire about the proportions of counseling due to obesity and overweight.



2.3 Pharmacology therapy costs

Swiss market data was available detailing anti-obesity medications (AOM) packages sold including orlistat and liraglutide for January to June 2022, to account for changes in market patterns following the initiation of reimbursement of liraglutide in 2020 for treatment of overweight and obesity in Switzerland (19).



2.4 Bariatric surgical therapy costs

The swissDRG Datenspiegel v.11 was systematically searched for all Swiss Classification of Procedures Classification (CHOP) codes designated by the Swiss Society for the Study of morbid Obesity and metabolic Disorders (SMOB) for bariatric surgeries in 2019 (20, 21). Information was extracted including number of performed procedures per diagnosis related group (DRG) and average DRG prices. Classification and allocation to a DRG was based on treatment type and complexity. Bariatric surgery costs were estimated based on the number of procedures performed in 2019, as the COVID-19 pandemic led to a reduction in surgical procedures performed in 2021 and would have underestimated the costs. Data for 2022 were not available at the time of preparation.



2.5 Cost of selected overweight and obesity-related complications

Selection of obesity-related complications was based on the highest cost attributable to overweight and obesity in 2012 and included asthma, CHD, depression, diabetes mellitus, hypertension, osteoarthritis and stroke (9). Cost of illness were multiplied with the specific PAF for each disease to estimate the fraction of cost that are attributable to overweight and obesity.

To identify respective cost data as well as data for PAF estimation, two systematic literature searches were performed. The search strategy is detailed in Supplementary Tables S8, S9.

1. Systematic literature search to identify costs of selected obesity-related complications: MEDLINE, guideline search portals (AWMF, G-I-N), selected medical societies (SMOB, SGE, SGES, SGED,) and Swiss bodies of interest (BAG, BFS, Obsan, Swiss Medical Board)

2. Systematic literature search to identify relative risks (RR), odds ratios (OR) or PAF of selected obesity-related complications regarding the BMI: MEDLINE

In accordance with established protocols, duplicates within the search results were removed, and a title and abstract screening was performed to identify relevant publications, which were then subjected to a comprehensive full-text assessment. Publications were included for analysis if they addressed the research question and provided Swiss data. If neither Swiss nor data for countries with a comparable socio-economic structure (preference given to neighboring countries with similar health systems, e.g., Germany) were available, the best available evidence was applied under consideration of data validity as well as comparability to Switzerland. Subsequently, additional cost data from Germany, France and the Netherlands and reported data for RRs, ORs or PAFs based on analyses of German, French, UK, USA, Swedish, Finnish datasets as well as a European meta-analysis were used and discussed in the result section of this publication.



2.6 Extrapolation of costs for Switzerland 2021

Relevant costs of identified publications were converted to Swiss Francs (CHF) in a two-step method involving conversion and extrapolation. First, all costs data of foreign currency were converted to CHF by applying the Purchasing Power Parity (PPP) for that respective source year (22). In a second step, the cost data in CHF for that source year prices were extrapolated to 2021 price level based on the annual changes in the Consumer Price Index (CPI, “Landesindex der Konsumentenpreise”) (23).

An alternative extrapolation based on the annual changes in total healthcare expenditures was performed and is shown in the appendix for the purpose of comparison with Schneider and Venetz 2014 (see Supplementary Tables S6, S7) (24). However, the extrapolation based on CPI is preferred, as it is more sensitive for individual cost components and less prone to grossly overestimate cost data from older sources. After conversion to 2021 CHF price levels, costs were adjusted to the Swiss population of adolescents aged 15 years and older and adults in 2021 based on linear extrapolation from data reported by the FSO for 31.12.2021 (14).



2.7 Estimating the cost of selected complications attributable to overweight and obesity

The costs of treating overweight and obesity-related long-term complications were estimated using PAFs. Wherever possible, published RRs or ORs from two independent sources were used to calculate two PAFs to minimize bias and a range is presented (see Table 1). Disease-specific PAFs were calculated based on the RR (or OR) reported in the identified publication for both overweight and obesity according to the formula with (p) as the SHS 2017 prevalence of overweight and obesity, respectively, and the corresponding disease-specific RR (or respectively):

[image: image]



TABLE 1 Population attributable fractions (PAF) for Switzerland for selected diseases by overweight and obesity.
[image: Table1]

For three diseases (asthma, diabetes mellitus and stroke), PAFs reported by Swiss TPH were directly applied (see Table 1) (10).




3 Results


3.1 Prevalence of overweight and obesity in Switzerland in 2021

Over the past 25 years, the percentage of people living with overweight and obesity among adolescents aged 15 years and older and adults in Switzerland has increased significantly from 30.4% in 1992 to 41.9% in 2017 (see Figure 1). The observed prevalence of overweight was 25.0% in 1992 and 30.6% in 2017. Both sexes experienced an equal increase in the prevalence of overweight over time with men reporting a prevalence twice as high as women in absolute numbers. Specifically for obesity, the prevalence in Switzerland doubled from 5.4% in 1992 to 11.3% overall in 2017 (men: 6.1% to 12.3%; women: 4.7% to 10.2%), with the increase evenly distributed across all age groups.

[image: Figure 1]

FIGURE 1
 Overall development of overweight and obesity prevalence in Switzerland from 1992 to 2017 (Inhabitants ≥15 years of age) (13).


Extrapolating from the 2017 SHS results, more than 3.1 million Swiss residents aged 15 years and older are considered having overweight or obesity based on the definition of BMI ≥ 25 kg/m2. The number of patients with overweight or obesity is higher in men (1.8 million) compared to women (1.3 million).



3.2 Direct cost of overweight and obesity

Treatment of overweight and obesity in Switzerland through lifestyle changes include a combination of approaches including dietary education, exercise, physiotherapy, and general behavioral therapies with weight-reducing drugs and/or bariatric surgery as a potential add-on therapy.


3.2.1 Dietary counseling

Extrapolated data provided by Santésuisse for Switzerland in 2022 amounted to 429148 dietary consultations (see Supplementary Table S1). The experts consulted estimate that outpatient dietary consultations for overweight and obesity account about 80% of the reported outpatient consultations. For inpatient consultations, this rate is lower at about 20%, because inpatient consultations focus primarily on dietary therapy during hospitalization for conditions such as gastrointestinal surgery, cardiovascular events, renal disease, severe malnutrition, diabetes mellitus and others.

A total of 230,481 consultations attributable to overweight and obesity were estimated for 2022 (see Supplementary Table S1). Based on the currently valid tariff contracts, the total costs for dietary consultations in Switzerland for 2022 is estimated at CHF 18.3 million overall, with 84% of the costs attributable to outpatient dietary consultations (CHF 15.4 million) (15, 16).



3.2.2 Pharmacological therapy

Anti-obesity medication (AOM) approved by Swissmedic for weight reduction include orlistat and liraglutide for adult patients presenting with obesity (BMI ≥30 kg/m2) or for patients presenting with overweight (orlistat: BMI ≥ 28 kg/m2; liraglutide: BMI ≥ 27 kg/m2) and at least one weight-related comorbidity (pre-diabetes or diabetes mellitus type 2, arterial hypertension, or dyslipidemia) (35, 36).

Based on confidential sales data for the first half of 2022, it is estimated that 184,461 packages of AOMs were sold, representing an estimated total sales volume of CHF 26.0 million in Switzerland in 2022 (37) (see Table 2). Notably, experts interviewed for this study indicated that a significant portion of this amount will not be covered by the Swiss mandatory health insurance (OKP) but will be paid out-of-pocket by the patients themselves.



3.2.3 Bariatric surgical therapy

Of the 4926 bariatric surgeries performed in Switzerland 2019, the most common procedures were forms of gastric bypasses and sleeve resection, that together made up 73.7 and 20.4%, respectively (see Supplementary Tables S2, S3). Other bariatric procedures were available and included restrictive gastric procedures (e.g., implementation of an adjustable gastric band; pouch-forming in vertical banded gastroplasty), but are historically declining in total numbers of procedures in favor of the more effective procedures that are gastric bypasses and sleeve resections (38). Biliopancreatic diversion, although highly effective, is performed very rarely due to complexity of the procedure and negative long-term effects.

The total costs of bariatric surgeries in Switzerland in 2021 is estimated at CHF 82.6 Mio, based on the number of procedures per DRG and the average costs of each DRG in 2019, adjusted for population increase and inflation with an average costs of CHF 16,768 per procedure (see Table 2).




3.3 Costs of selected overweight and obesity-related complications


3.3.1 Asthma

In 2017, overall 5.1% (4.6% in men and 5.6% in women) of the Swiss population ≥ 15 years of age stated they had asthma within the last 12 months (39). There are 377,567 people (166,245 men, 211,322 women) in Switzerland suffering from asthma in 2021 (14, 39). To estimate the costs for 2021, published Swiss representative data reported by Scuzs et al. was extrapolated (40). Using the described extrapolation methods for annual changes in CPI in healthcare and adjustment to the 2021 Swiss population, the resulting direct costs for asthma in Switzerland 2021 were CHF 574 million (including inpatient CHF 340.9 million, outpatient: CHF 77.4 million and prescribed medication CHF 155.6 million; see Supplementary Table S5).

PAFs for asthma due to overweight and obesity were calculated based on the risks reported by Ma et al. (US data 2005–2006) and the current overweight and obesity prevalence data from the SHS 2017, resulting in a PAF for overweight of 20.3% and a PAF for obesity of 18.7% (see Table 1) (13, 25). To consider the uncertainty, a second data source of adjusted PAFs was included, that based on a meta-analysis from Guh et al. (published by Zemp Stutz et al.) of 6.2 and 6.4%, respectively (10, 30).

Depending on the PAFs applied, the attributable fraction of the direct costs of asthma related to overweight and obesity in Switzerland 2021 are estimated at CHF 72–224 million overall, with CHF 35–116 million attributable to overweight and CHF 37–107 million attributable to obesity (see Table 3).



TABLE 3 Attributable fraction of overweight and obesity of the direct costs of seven selected obesity-related complications for Switzerland 2021 based on the annual changes of CPI in healthcare.
[image: Table2]



3.3.2 Coronary heart disease

CHD is the most common form of cardiovascular disease (CVD) and is responsible for 20% of deaths worldwide (48). For Switzerland, data on the number of patients hospitalized due to CVD events or the incidence of myocardial infarction (MI) are widely available. However, reliable data on the prevalence of CHD are scarce. Comparable data for Germany in 2017 estimated a total of 3.7% of women and 6.0% of men with CHD (defined as MI or chronic symptoms due to MI or angina) in the previous 12 months (49).

The costs of CHD are estimated using an indirect approach, as direct cost data are not available for Switzerland. The costs of acute and subsequent MI (ICD-10 I21 – I22) are used to extrapolate the costs of CHD (ICD-10 I20 – I25) based on the German cost structure, where MI accounts for 35.5% of the total costs of CHD in 2020 (41). In addition, it is assumed that the number of MI directly corresponds to the burden of CHD. Based on current Swiss population data, 18,966 cases of MI are to be expected in Switzerland 2021 (12,462 men and 6,506 women) (50). The costs of heart failure were not considered.

Taking into account the published cost data for acute and subsequent MI in Switzerland by Wieser et al., the extrapolated costs for MI in Switzerland in 2021 were estimated at CHF 718 million (including primary care, emergency and hospital care, rehabilitation and outpatient costs, see Supplementary Table S5) (42). Assuming that cost of MI is 35.5% of the total cost of CHD, the direct cost of CHD in Switzerland in 2021 is estimated to be CHF 2,022 million (41, 42). To account for uncertainty, the extrapolation and adjustment for Switzerland 2021 of the published German DESTATIS 2,020 data for Switzerland in 2021 yields a comparable figure of CHF 1,862 million (41).

PAFs for CHD due to overweight and obesity were calculated based on the risks reported by Flint et al. (US data 1986–2020) and the current overweight and obesity prevalence data from the SHS 2017, resulting in a PAF for overweight of 14.1% and a PAF for obesity of 11.3% (13, 26). In contrast to other studies, the reference category for BMI in the Flint et al. study was 18–22.9, which was adjusted accordingly in the calculation of the PAFs for this analysis. To consider the uncertainty, a second data source of PAFs was included based on the risks reported by Liu et al. (US 2012–2013), resulting in 6.6 and 4.7%, respectively, (see Table 1) (13, 27).

Depending on the PAFs applied, the attributable fraction of the direct costs of CHD related to overweight and obesity in Switzerland in 2021 is estimated to be CHF 210–513 million with CHF 123–285 million attributable to overweight and CHF 87–228 million attributable to obesity (see Table 3).



3.3.3 Depression

In Switzerland in 2017, 5.3% of men, and 7.9% of women aged 15 years and older stated reported having suffered from depression in the past 12 months. The age group 55–64 years had the highest prevalence for both sexes (8.4% for men and 10.5% for women) (14, 51). Extrapolated to the permanent residential population of Switzerland in 2021, this corresponds to 493,364 inhabitants with depression (196,589 men; 296,775 women). Cost estimates and the distribution of severity grades of depression (21.5% mild, 46.9%moderate and 31.6% severe) in Switzerland were based on published data by Tomonaga et al. (43). Using the described extrapolation methods and population adjustment, the resulting direct costs of depression in Switzerland in 2021 were estimated at CHF 6,590 million over all severities (inpatient: CHF 5,040 million; outpatient: CHF 437 million; psychotherapy: CHF 739 million; prescribed medication CHF 373 million). The total costs for individual degrees of severity mild, moderate, and severe were CHF 486 million, 2,876 million and 3,228 million, respectively (see Supplementary Table S5).

PAFs for depression due to overweight and obesity were calculated based on the odds ratios reported by Luppino et al. (European and US data 2003–2008) and the current overweight and obesity prevalence data from the SHS 2017, resulting in a PAF for overweight of 3.7% and a PAF for obesity of 5.4% (see Table 1) (13, 28).

The attributable fraction of the direct costs of depression related to overweight and obesity in Switzerland in 2021 are estimated at CHF 595 million overall, with CHF 241 million attributable to overweight and CHF 354 million attributable to obesity (see Table 3).



3.3.4 Diabetes mellitus

In 2017, 5.4% of men and 3.5% of women ≥15 years of age in Switzerland confirmed to have high blood sugar or to receive medication for diabetes (52). Extrapolated to the permanent residential population of Switzerland in 2021, this corresponds to 341,460 patients with diabetes (201,774 men; 139,685 women) (14, 52). The cost estimation of diabetes was based on data by Szucs et al. (reported in Schneider and Venetz 2012) (9). In addition to the extrapolation and population adjustment, the increase in prevalence of diabetes from 4.2% in 2012 to 4.4% in 2017 was considered as well (52).

PAFs for diabetes due to overweight and obesity were calculated based on the risks reported by Davin et al. from the Swiss CoLaus study (Swiss data 2003–2006), as BMI was calculated using standardized weight and height measurements, resulting in a PAF for overweight of 16.2% and a PAF for obesity of 42.9% (see Table 1) (29). A second data source of PAFs reported by Zemp Stutz et al. was included and amounted to 38.4 and 41.4%, respectively, (10).

The attributable fraction of the direct costs of diabetes related to overweight and obesity in Switzerland in 2021 are estimated at CHF 808–1,090 million overall, with CHF 221–525 million attributable to overweight and CHF 565–586 million attributable to obesity (see Table 3).



3.3.5 Arterial hypertension

High blood pressure increases the risk of serious cardiovascular diseases, the most common cause of death in Switzerland in 2020. In 2017, 19.6% of men and 16.0% of women aged 15 years and older confirmed to have high blood pressure or to receive medication to lower their blood pressure with the highest prevalence in age group ≥75 years for both genders with over 55% of patients (53). Extrapolated to the permanent residential population of Switzerland in 2021, this would correspond to 1,371,955 inhabitants with high blood pressure (722,288 men; 649,667 women) (14, 53).

No publications reporting overall direct costs of hypertension based on Swiss data, which have been published after 2011, could be identified. As in available studies, the estimation of costs is limited to costs of drug therapy, using these data would underestimate the costs of the disease. For determining the full costs of hypertension, data from DESTATIS (Germany) was used (41). Considering the direct costs of disease from Germany in 2020, this will result in costs of disease for hypertension in Switzerland in 2021 of CHF 1,538 million (see Supplementary Table S5).

PAFs for hypertension due to overweight and obesity were calculated based on the risks reported by Davin et al. from the Swiss CoLaus study (Swiss data 2003–2006). BMI was calculated using standardized weight and height measurements, resulting in a PAF for overweight of 18.1% and a PAF for obesity of 16.8% (see Table 1) (29).

The attributable fraction of the direct costs of hypertension related to overweight and obesity in Switzerland in 2021 is estimated at CHF 536 million overall, with CHF 278 million attributable to overweight and CHF 258 million attributable to obesity (see Table 3).



3.3.6 Osteoarthritis

Osteoarthritis is one of the most common outpatient diagnoses in general practice, internal medicine, or orthopedics and is defined by focal areas of articular cartilage loss within the synovial joints, associated with bone hypertrophy and joint capsule thickening, predominantly affecting hip and knee and to a lesser extent the hand, spine, foot or other joints (54).

No relevant publication could be identified, that estimated the cost of osteoarthritis in Switzerland. Therefore, costs are extrapolated based on German healthcare data. Both countries are similar, e.g., in the number of implantations and revisions of artificial knee joints (210 per 100,000 inhabitants in 2009) or hip joints, (290 per 100,000 inhabitants in 2009) (54). A German health survey in 2015 found that 17.9% of adults in Germany aged 18 years or older reported having osteoarthritis during the last 12 months, with higher prevalence among women (21.8%) than in men (13.9%) (55). The proportion of people with osteoarthritis increases with age; among people aged 65 years or older, almost half of the women (48.1%) and almost one third of men (31.2%) are affected (54, 55).

The direct costs for osteoarthritis (ICD-10 M15-M19), based on the German DESTATIS data, are estimated at CHF 2,830 million in Switzerland in 2021 (see Supplementary Table S5) (45, 54).

The PAFs for osteoarthritis of the hip or the knee due to overweight and obesity were calculated based on the risks reported by Lohmander et al. (31) (Sweden 1991–1996) and using the prevalence of overweight and obesity data from 2017 SHS. This results in PAFs of 13.3% for overweight and of 15.7% for obesity (see Table 1) (13, 31). To account for uncertainties in the epidemiologic data, a second source for PAF calculation was included and resulted in PAFs of 14.9 and 14.4% for hip osteoarthritis based on the risks reported by Holliday et al. (25) (UK 2002–2006) and PAFs of 23.8 and 24.7% for knee osteoarthritis based on the risks reported in a meta-analysis by Muthuri et al. including data from 1988 to 2010, respectively (13, 33).

The attributable fraction of the direct costs of osteoarthritis related to overweight and obesity in Switzerland in 2021 are thus estimated at CHF 1,104–1,398 million in total, with CHF 549–690 million attributable to overweight and CHF 555–707 million attributable to obesity depending on the PAFs applied (see Table 3).



3.3.7 Stroke

In 2020, 21,041 people in Switzerland suffered a stroke (11,359 men; 9,682 women) (56). Extrapolated to the 2021 population, this equates to an incidence of stroke of 21,208 people in 2021 (11,453 for men and 9,755 for women). An Update of the EBC Study, that was considered in the analysis by Schneider and Venetz estimated, that inclusion of prevalent cases would result in 25% of the costs for stroke in addition to the incident cases (57). Extrapolating the Global Burden of Disease Study data, the prevalence of stroke in in Switzerland 2021 would result in 94,785 prevalent cases (58).

The cost estimate was based on total direct healthcare and non-medical care costs reported by Maercker et al. (Switzerland, Germany 2002–2004) (46). Extrapolation of these costs to the Swiss population with stroke (incident and prevalent) in the year 2021 resulted in direct costs of CHF 2033 million Due to the extrapolation of older data by Maercker et al. (46), a population-based cost analysis of European countries by Luengo-Fernandez et al. (Switzerland 2017) was included to consider the uncertainty evaluating the costs of stroke (including costs for overall healthcare, social care, and informal care), which amounted to CHF 1,812 million after extrapolation for Switzerland 2021 (see Supplementary Table S5) (47).

PAFs for stroke due to overweight and obesity were calculated based on the RR reported by Winter et al. (Germany 2005–2006) using the overweight and obesity prevalence from the SHS from 2017. PAFs resulted in 18.3% for overweight and 17.4% for obesity (see Table 1) (13, 34). To consider the uncertainty, an additional PAF published by Zemp Stutz et al. was included and amounted to 5.9 and 5.4%, respectively (10).

The attributable fraction of the direct costs of stroke related to overweight and obesity in Switzerland in 2021 is estimated at CHF 206–725 million In total, with CHF 108–371 million attributable to overweight and CHF 98–354 million attributable to obesity (see Table 3).





4 Discussion

The estimated total cost for overweight and obesity in Switzerland is CHF 3,656–5,207 million. The vast majority of these costs (97–98%) were accounted for by the seven obesity-related complications (CHF 3,530–5,081, see Figure 2). Direct treatment costs for overweight and obesity were 1.5–2.3% for bariatric surgery (CHF 83 million), 0.3–0.7% for the most recent pharmacological therapies (CHF 26 million) and 0.2–0.5% for dietary counseling (CHF 18 million), respectively (Table 2). While accounting for only a small proportion of total costs, pharmacological therapies, especially those with GLP-1 receptor agonists, represent a highly effective tool in management of overweight and obesity (59). Noteworthy, based on market analyses, a significant portion of the cost of pharmacological therapy is not covered by the OKP and is instead borne by the patients themselves, partly due to legal regulations on cost coverage, experienced feelings of shame, or simplified access in combination with an individually perceived high medical need.
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FIGURE 2
 Total direct costs of treatment of overweight and obesity and related complications in Switzerland 2021.




TABLE 2 Total costs of overweight and obesity for Switzerland 2021 based on the annual changes of CPI in healthcare.
[image: Table3]

The direct costs of overweight and obesity in Switzerland in 2021, estimated in this analysis, range from 0.49 to 1.07% of Swiss gross domestic product (GDP) in 2021, depending on the method used to account for inflation. Okunogbe et al. estimated the total burden of overweight and obesity, including direct and indirect costs for Switzerland at 2.0% of its GDP in 2019 (assuming that 50.3% of the population has overweight or obesity) (60). These costs include direct medical and non-medical expenditures for the treatment of obesity and related diseases, with direct costs accounting for only 38.2% of the total costs, while 61.8% is due to absenteeism, presenteeism, and premature mortality.

Considering Okunogbe et al.’s estimates, this implies that the direct costs of overweight and obesity are approximately 0.76% of Swiss GDP in 2019. This is consistent with the reported direct costs estimated in this study for 2021. Okunogbe et al. further estimated the average total health economic burden of obesity in high-income countries to be 2.46% of GDP in 2019, rising to 2.88% in 2030 and 3.8% in 2060 (60).

On average, 53.1% of Europeans are considered to have overweight or obesity compared to 41.9% of Swiss inhabitants. Although Switzerland reports a lower obesity prevalence of 11.3% compared to the European average of 16.8%, there is reason for concern. A unidirectional trend toward an increase of both overweight and obesity is reported for each country included in the aforementioned OECD analysis, including Switzerland, which should be addressed with the necessary vigor.

These findings underscore the significant challenges that overweight and obesity present for individual and public health. At the patient level, there are direct consequences, including stigmatization and a negative impact on various aspects of quality of life. Additionally, overweight and obesity significantly increase the risk of developing a variety of non-communicable diseases, which has a significant impact on personal health, as well as on the consumption of healthcare resources and thus on the costs to the healthcare system and society. The results of the present study are important for two reasons. First, they provide the most recent information available on the costs of overweight and obesity in Switzerland. Second, they indicate that the cause of this substantial contribution to healthcare costs and OKP expenditures can potentially be influenced, by measures targeting the reduction of overweight and obesity.

However, the monetary magnitude of this identified preventive potential is subject to the scope and methods applied. Firstly, only the costs of seven selected obesity-related complications were considered, despite the fact that there are in excess of 50 diseases associated with overweight and obesity (e.g., anxiety, sleep apnea, non-alcoholic liver disease and non-alcoholic steatohepatitis, gallstones, gout, infertility, incontinence, chronic back pain as well as malignant neoplasms of breast, colon, kidney or other cancers) (61). Second, it should be noted that some relevant healthcare costs were not considered in this analysis. These include alternative therapeutic interventions, diagnostic procedures, consultations with healthcare professionals, accompanying therapies as well as follow-up examinations and long-term complications such as micronutrient supplementation after bariatric surgery and more. In addition, the estimate does not include cost of psychological therapy for overweight and obesity-related mental health problems other than depression, which have a high prevalence in this population (62). Third, the focus of this study was on the direct costs associated with the management of overweight and obesity as well as seven related complications. Indirect costs, which typically include productivity losses as well as absenteeism, have not been included, as they typically play a lesser role in public decision-making due to their inherent challenges in accurately quantifying and weighing such costs. However, estimates by Okunogbe et al. suggest that the indirect costs of overweight and obesity are approximately 1.6 times the direct costs (60). Fourth, the cost estimate is based on self-reported BMI of the 2017 SHS data, which is prone to underestimate body weight and overestimate body height in individuals with overweight or obesity (29, 63, 64). To address this uncertainty, an additional analysis was performed with BMI data from menuCH in 2014, based on standardized weight and height measurements, which indicated an even higher prevalence of both overweight and obesity (65, 66). Overall, the health economic burden presented in our study represents is a de facto conservative estimate of the cost of overweight and obesity in Switzerland.

Beyond the cost estimate, there is a second key finding: the available health economic evidence is scarce. Most of the sources used in the 2012 report are still the most relevant today. This is particularly disappointing as respective primary data are available but to this day are unpublished or hardly accessible. Given the scarcity of evidence, a standard procedure for updating and estimating costs was not feasible due to the substantial variation in disease-specific evidence. Substantial conversions, extrapolations, and adjustments were therefore necessary to estimate the direct costs of overweight and obesity and related comorbidities for Switzerland in 2021. In particular, the reported PAFs vary widely, leading to large variations and uncertainty in the costs of overweight and obesity-related complications in Switzerland.

Another assumption relates to the extrapolation of costs from the respective source year of the available data to the year 2021. To extrapolate costs from a source year to 2021, annual changes in total health expenditures have been used previously (9). However, this method is considered to be a rough approximation as it includes expansion of services, which may overcompensate for price changes while not considering improvements in treatment pattern, e.g., due to changes in treatment paradigms or newly approved pharmaceuticals and technologies. Therefore, for this analysis, the annual changes in the relevant subcodes of the consumer price index in healthcare were used instead to better incorporate changes of individual cost components (23). Changes in this index account only for changes in prices and tariffs, but not volume changes. The annual change of health expenditures was used for information purposes only, to allow for comparison with previous estimates and are presented in Supplementary Tables S6, S7.

Despite the heterogeneous data and the scarcity of evidence, two main conclusions can be drawn from this study. First, regardless of the exact figures and considering only the results of this conservative approach, the estimated direct costs of overweight and obesity and related complications have a substantial impact on the Swiss healthcare system, accounting for 4.4–6.3% of total healthcare expenditures. Although direct management of overweight and obesity with dietary counseling, pharmacologic therapy, and bariatric surgery accounts for only 0.15% of the total Swiss healthcare expenditures, reduction of the prevalence of overweight and obesity would significantly lower the costs of treating obesity-related complications and thus reduce the burden and costs of overweight and obesity in Switzerland. This is of considerable significance, as the cause for these expenditures can be reduced through treatment and prevention. A recently published systematic review and meta-analysis demonstrated that therapeutic patient education interventions result in significant improvements in several health indicators among patients with obesity and the efficacy of these interventions was confirmed across a range of biomedical, psychosocial and psychological outcomes (67).

While other countries have implemented stricter regulations such as sugar taxes, Switzerland’s approach emphasizes voluntarism. In addition, preventive measures regarding overweight and obesity are scarce in Switzerland and vary widely in their allocation and implementation, as they are the responsibility of the individual cantons. While some preventive measures for children and adolescents are successfully implemented at a local level, there is a notable lack of provision for adults. It is therefore essential to facilitate the adoption and implementation of preventive measures at the national level for Switzerland in the future.

Secondly, there is a paucity of health economic evidence, which is largely outdated, both in Switzerland and internationally. The opportunities offered by the digitization for health economic and health services research have not yet been fully exploited. Inadequate use of available data for research, information, and decision making creates high uncertainty for prioritization and impact assessment in health policy. Missing or incomplete disclosure of data ultimately leads to a lack of transparency, which in turn leads to a significant information asymmetry, as access to this information is primarily restricted to health insurers.

Recommendations and proposals for the introduction of multidisciplinary programs for the treatment of people with obesity have been formulated for Switzerland (68). However, in the face of ever-increasing rates of overweight and obesity, a major effort is needed in scientific research to develop effective prevention and treatment strategies. The urgency of this matter cannot be overstated. Investing in both scientific research and research-guided adaptation of preventive measures should be accorded a high priority in order to combat obesity.
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Introduction: This study investigates the Health-Led Growth Hypothesis (HLGH) within OECD countries, examining how health expenditures influence economic growth and the role of different health financing systems in this relationship.

Methods: Utilizing a comprehensive analysis spanning 2000 to 2019 across 38 OECD countries, advanced econometric methodologies were employed. Both second-generation panel data estimators (Dynamic CCEMG, CS-ARDL, AMG) and first-generation models (Panel ARDL with PMG, FMOLS, DOLS) were utilized to test the hypothesis.

Results: The findings confirm the positive impact of health expenditures on economic growth, supporting the HLGH. Significant disparities were observed in the ability of health expenditures to stimulate economic growth across different health financing systems, including the Bismarck, Beveridge, Private Health Insurance, and System in Transition models.

Discussion: This study enriches the ongoing academic dialog by providing an exhaustive analysis of the relationship between health expenditures and economic growth. It offers valuable insights for policymakers on how to optimize health investments to enhance economic development, considering the varying effects of different health financing frameworks.
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1 Introduction

For over 50 years since Mushkin’s foundational study (1), the link between health expenditure and economic growth has been a crucial topic in academic and policy discussions. This persistent focus highlights the complexity of the relationship between health investments and economic development. Scholars generally agree that health is a vital component of human capital, which is critical for economic growth. As countries strive to provide high-quality healthcare, the connection between health spending and economic growth becomes increasingly important, with significant implications for policy formulation, economic development, and societal well-being.

The health-economic growth nexus refers to the reciprocal relationship between health expenditures and economic growth. This perspective recognizes that health expenditures can influence economic growth through various channels, such as human capital accumulation, labor productivity, and demographic dividends. Simultaneously, economic growth can enable higher health expenditures, as wealthier countries have more resources to invest in healthcare. This nexus suggests a dynamic and interdependent relationship, with feedback effects that can either strengthen or weaken the link between the two variables (2).

The Health-Led Growth Hypothesis (HLGH) posits that investments in health positively impact economic growth. This hypothesis is linked to endogenous growth theory, which emphasizes the importance of human capital accumulation and investment as drivers of economic growth (3–7). The rationale is that healthier populations are more productive and possess higher human capital, leading to greater output, innovation, and adaptability to economic changes. Health expenditure, in this context, is seen as an investment yielding economic returns through improved health outcomes, increased labor productivity, and demographic dividends (1, 8–13).

On the other hand, the wealth hypothesis suggests that economic growth leads to higher health expenditures, as countries with higher GDP per capita can allocate more resources to healthcare. This hypothesis indicates that as countries grow wealthier, they can afford to invest more in healthcare, resulting in better health outcomes for their populations (14). Accordingly, economic growth acts as a prerequisite for increased healthcare spending and the improvement of health results (15). The wealth hypothesis is based on the “income elasticity of demand” for healthcare, which indicates that as incomes rise, the demand for healthcare services also increases, leading to higher health expenditures (16). Health care is considered a luxury good, with its demand rising faster than income (17).

The discussion on the interplay between healthcare spending and economic growth is extensive and multifaceted. Various econometric methodologies have been used to study this complex relationship across different national contexts. The literature commonly indicates a favorable association between healthcare expenditure and economic advancement; however, divergences in methodology and geographical disparities result in a spectrum of outcomes, emphasizing the intricate characteristics of this relationship.

Methodologically, there is a division within the academic community, characterized by a significant divergence in the methodologies favored for studying the HLGH in OECD countries. Scholars such as Gerdtham and Lothgren (18), Baltagi and Moscone (19) and Kumar (20) support the use of panel data techniques for capturing broader trends across nations. On the contrary, Atilgan, Kilic and Ertugrul (21) and Tang and Ch’ng (22) advocate for the utilization of time-series methodologies. They argue that these approaches are more appropriate for examining the distinctive attributes of specific countries and questioning the presumption of uniformity that underlies panel data techniques.

Empirical evidence from Newhouse (23) and Gerdtham and Jönsson (17) supports a positive link between GDP per capita and health expenditures across various economies, regardless of their development status. This consensus is echoed by Behera and Dash (24) and Beylik, Cirakli, Cetin, Ecevit and Senol (25) who found a positive relationship between healthcare spending and economic growth in Indian states and OECD countries, respectively, by using ARDL models. Additionally, Jakovljevic, Timofeyev, Ranabhat, Fernandes, Teixeira, Rancic and Reshetnikov (26) explored this relationship within G7 and EM7 nations, while Ozyilmaz, Bayraktar, Isik, Toprak, Er, Besel, Aydin, Olgun and Collins (27) found a bidirectional causal relationship in EU countries. However, in MENA countries, the correlation between health expenditure and economic growth is not straightforward, as evidenced by research employing panel OLS, FMOLS, and DOLS approaches (28). Inquiries into the connection between healthcare expenditure and economic growth in developing countries provide a contrast to the focus on OECD nations. This sheds light on the policy implications of healthcare spending in boosting a healthier and more productive population, which in turn could stimulate economic progress (29–32).

The scholarly landscape is enriched by a variety of econometric approaches, from the panel VAR method (33) and Baumol’s model of ‘Unbalanced Growth’ (33) to panel regression analysis (34). This diversity extends to the exploration of the convergence hypothesis (35) and the Driscoll-Kraay approach (25), emphasizing the multifaceted nature of the health expenditure-economic growth paradigm. Time series analysis also plays a significant role in elucidating long-term relationships and expenditure behavior within OECD countries (9, 36, 37).

The intricate relationship between health expenditures and economic growth is influenced by factors such as economic development stages, healthcare system structures, financing configurations, governance quality, and policy efficacy. These elements impact developed and developing nations differently, highlighting the need for ongoing research to understand this relationship fully. Central to this discourse is the role of governance and institutional quality, as underscored by Rodrik, Subramanian and Trebbi (38), who emphasize the critical importance of sound governance and institutional integrity in mediating the health expenditure-economic growth dynamic. This claim is supported by additional studies (39, 40), that emphasize the crucial importance of strong institutions, indicating that efficient governance and institutional excellence play a key role in utilizing health expenditure for economic progress.

Our study aims to empirically analyze the HLGH within the OECD countries. We will examine the health-economic growth nexus across different national settings, considering unique parameter estimates for each country. This analysis will explore how different health financing systems—Bismarck, Beveridge, private insurance, and System in Transition (former Semaschko) models—affect the relationship between health investments and economic outcomes. By categorizing nations based on their health funding frameworks, we hope to provide insights into how these systems influence economic growth. This research is crucial for developing health strategies and fiscal models that promote health and economic prosperity in diverse national contexts.

In our study, we utilize panel data techniques to analyze the complex relationship between health expenditures and economic growth. Panel data techniques are essential for analyzing datasets that combine cross-sectional and time series data, providing a richer analytical framework compared to pure time series or cross-sectional methods. These techniques allow for the control of unobserved heterogeneity, capture dynamic relationships, and improve the efficiency of estimates (41).

In the literature, many studies have utilized panel data techniques to analyze the HLGH. However, these studies predominantly employed first-generation models, which are constrained under certain conditions. First-generation methods, such as the Panel ARDL with the Pooled Mean Group (PMG) estimator, Fully Modified Ordinary Least Squares (FMOLS), and Dynamic Ordinary Least Squares (DOLS), assume cross-sectional independence and homogeneity among the units (42–44). These assumptions often do not hold in real-world datasets, leading to biased estimates in the presence of cross-sectional dependence and heterogeneity. It is noteworthy that previous studies have been limited to first-generation methods, highlighting a significant constraint in panel data approaches.

To address these limitations, our study employs both first-generation and second-generation panel data estimators. First-generation methods provide a baseline for comparison and robustness checks. For a more robust and reliable analysis, we utilize second-generation panel data estimators, including the Dynamic Common Correlated Effects Mean Group (CCEMG), Cross-Sectionally Augmented Autoregressive Distributed Lag (CS-ARDL), and Augmented Mean Group (AMG) estimators. These advanced methods account for cross-sectional dependence and heterogeneous slopes, offering more accurate and comprehensive estimates (45). By employing both generations of panel data estimators, we aim to mitigate the constraints of previous studies and provide a more nuanced understanding of how health investments impact economic growth across different health financing systems. This comprehensive approach allows us to derive more reliable policy implications that can guide the development of effective health strategies and fiscal policies aimed at fostering health and economic prosperity in diverse national contexts.

Our study’s significance lies in its potential to contribute to the academic discussion on the HLGH. By offering new insights into the relationship between health expenditures and economic growth, particularly concerning varied healthcare financing systems, we aim to address gaps in the current literature. The implications of our research extend beyond academic interest, providing essential information for policymakers and stakeholders to enhance the synergy between health expenditure and economic growth, ultimately promoting societal welfare and sustainable progress. Our findings will contribute to the ongoing dialog in this field and set the stage for future research and policy initiatives.

The structure of our study is as follows: after this introduction, we describe the data and methodology used, followed by an empirical analysis of the data. We then discuss the policy implications of our findings and conclude with a summary of the key results and recommendations for future research.



2 Data and methodology

As discussed in the introduction section, the relationship between health expenditures and GDP growth is complex and potentially bidirectional. We acknowledge that causality may run from health expenditures to GDP growth or vice versa. However, our main research question specifically focuses on analyzing the effect of health expenditure on GDP growth using a production function within a growth model. While the relationship may indeed be bidirectional, our study aims to maintain a clear focus on this primary objective.

To achieve this, we have adopted an analytical approach that isolates the impact of health expenditures on economic growth, consistent with the HLGH. This focused approach allows us to provide targeted insights and policy recommendations regarding the role of health investments in promoting economic development. Although the bidirectional nature of this relationship warrants further exploration, for the purposes of our current study, we have chosen to prioritize the analysis of the effects of health expenditures on GDP growth.

In our study, HLGH was empirically examined across 38 OECD countries, utilizing an annual dataset spanning from 2000 to 2019. The variables employed within this research encompassed Gross Domestic Product (GDP) per capita at constant prices, Gross Capital Formation at constant prices, labor force prices, and per capita health expenditures at constant prices. The dataset for these variables was carefully acquired from the World Development Indicators (WDI) database, which is curated by the World Bank (46). Consistent with scholarly conventions, natural logarithms of the variables were computed to facilitate an analysis centered on elasticity values.

We employed both first-generation and second-generation panel data models to analyze the impact of health expenditures on economic growth. First-generation panel data models, such as the Pooled Mean Group (PMG) estimator, Fully Modified Ordinary Least Squares (FMOLS), and Dynamic Ordinary Least Squares (DOLS), are designed under the assumption of cross-sectional independence and homogeneity among units (42–44). These models are effective when such assumptions hold true but may produce biased estimates when there is cross-sectional dependence or heterogeneity in the data. First-generation models typically focus on estimating long-run relationships and cointegration in panel datasets. In contrast, second-generation panel data models, such as the Dynamic Common Correlated Effects Mean Group (CCEMG), Cross-Sectionally Augmented Autoregressive Distributed Lag (CS-ARDL), and Augmented Mean Group (AMG) estimators, account for cross-sectional dependence and heterogeneous slopes (45). These models are more flexible and robust in dealing with complex data structures commonly found in macroeconomic datasets. Second-generation models incorporate common factors and unobserved heterogeneity, making them particularly suitable for analyzing data with cross-sectional dependencies.

First-generation models operate under the presumption that the cross-sectional units in the panel are independent of each other. This means that they do not account for potential correlations between units, which can arise due to shared shocks or common trends. As a result, while these models are suitable for simpler datasets where such independence can be reasonably assumed, they may lead to biased or inefficient estimates in more complex datasets. Furthermore, these models typically assume homogeneity in the slopes of the explanatory variables across different units, which can be a significant limitation when analyzing diverse datasets with varying underlying relationships.

In contrast, second-generation models offer a more advanced approach by explicitly addressing these limitations. These models incorporate mechanisms to account for cross-sectional dependence by including common factors that can capture the shared influences affecting the different units in the panel. This inclusion helps mitigate the biases that arise from ignoring such dependencies. Moreover, second-generation models allow for heterogeneous slopes, which means they can provide more accurate and tailored estimates for each cross-section. This flexibility is crucial when dealing with datasets that encompass a wide variety of units with different characteristics and relationships.

Another key advantage of second-generation models is their ability to handle both short-term and long-term dynamics. For instance, the CS-ARDL model can simultaneously estimate short-term fluctuations and long-term equilibrium relationships, providing a comprehensive view of the interactions between variables over different time horizons. This dual capability is particularly valuable in macroeconomic analyses where short-term and long-term effects often differ significantly. Furthermore, second-generation models are generally better suited for dealing with complex datasets. They are designed to manage the intricacies of macroeconomic data, which often exhibit both cross-sectional dependence and heterogeneity. This makes them more versatile and reliable for a wide range of applications, from policy analysis to forecasting.

In summary, while first-generation panel data models are useful for basic applications with simpler data structures, second-generation models offer significant improvements in terms of flexibility, robustness, and accuracy. By explicitly accounting for cross-sectional dependence and allowing for heterogeneous slopes, second-generation models provide a more nuanced and reliable analysis of complex datasets. This makes them particularly well-suited for our study, which aims to explore the intricate relationship between health expenditures and economic growth across different health financing systems in OECD countries. By including this overview, we aim to provide a clearer understanding of the advantages and limitations of both first- and second-generation panel data models, thereby enhancing the methodological rigor and transparency of our study.

The model presented in Equation (1) has been employed to test the Health-Led Growth Hypothesis.
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In equation (1), LY is the dependent variable, LGCF, LL and LH are the explanatory variables as described in Table 1. The variables [image: image] and [image: image] correspond to observed and unobserved common effects respectively, reflecting the influences that are both measurable and latent across the dataset. Lastly, [image: image] signifies the error term, encapsulating the random variations not explained by the model.



TABLE 1 Variable list.
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In our applied modeling, we systematically addressed cross-sectional dependency, a critical concern in panel data econometrics, by initially applying the bias-adjusted LM test formulated by Pesaran, Ullah and Yamagata (47). This step is foundational, given that overlooking such dependencies may engender distortions in unit root test results and bias in model estimations, as delineated by O’Connell (48) and Sarafidis and Robertson (49). The assumption of slope homogeneity was critically evaluated using the test by Pesaran and Yamagata (50) and Blomquist and Westerlund (51) given that heterogeneity in slopes is a frequent characteristic in extensive panel data (52, 53). In instances of detected cross-sectional dependency and slope heterogeneity, we incorporated the CIPS unit root test designed by Pesaran (54) to adjust for these dependencies, moving beyond the restrictive assumptions of first-generation panel data models. Upon establishing that the variables were I (1), we assessed the cointegration relationships utilizing Westerlund (55) Durbin Hausman cointegration test, a second-generation test that accounts for cross-sectional dependency.

Subsequent to detecting slope heterogeneity and cross-sectional dependency we applied the second generation panel data models, Dynamic CCEMG (Common Correlated Effects Mean Group) estimator devised by Chudik and Pesaran (45), CS-ARDL (Cross-Sectional Augmented Distributed Lag) estimator and AMG (Augmented Mean Group) estimator. The Dynamic CCEMG estimator accounts for cross-sectional dependence by incorporating common factors into the regression model. This method allows for heterogeneous slopes and intercepts across cross-sections, making it suitable for datasets with diverse country characteristics as mentioned before. The primary effect estimated by CCEMG is the long-term relationship between health expenditures and GDP growth while controlling for unobserved common shocks. The CS-ARDL estimator is designed to handle both short-term and long-term dynamics in the presence of cross-sectional dependence. This method augments the standard ARDL model by including cross-sectional averages of the dependent and independent variables, addressing potential biases from cross-sectional correlations (56). CS-ARDL estimates both the immediate (short-term) effects of health expenditures on economic growth and the long-term equilibrium relationship. The AMG estimator is particularly effective in dealing with heterogeneous slopes and unobserved common factors that might affect the panel data. This method extends the Mean Group (MG) estimator by augmenting it with common correlated effects, allowing for the estimation of both short-term and long-term coefficients while accounting for cross-sectional dependence. AMG provides robust estimates of the impact of health expenditures on GDP growth by addressing potential endogeneity and omitted variable bias (57, 58).

We utilized these three estimators to cross-validate our findings and ensure that our results are not sensitive to the choice of estimation technique. Each estimator has unique strengths: CCEMG excels in capturing long-term relationships under cross-sectional dependence. CS-ARDL provides insights into both short-term and long-term dynamics. AMG addresses unobserved common factors and heterogeneity, enhancing the robustness of our estimates. By applying these estimators, we ensure a comprehensive analysis that robustly supports our conclusions regarding the impact of health expenditures on economic growth across OECD countries.

The Dynamic CCEMG model is as:
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In Equation (2), [image: image] is the dependent, [image: image], [image: image] and [image: image] are the independent variables, for country i at time t, [image: image] is the country-specific intercept, [image: image], [image: image], [image: image] and [image: image] are the coefficients for the lagged dependent variable and independent variables, [image: image] is a function representing the common correlated effects, which are typically approximated by the cross-sectional averages of the dependent and independent variables (denoted by overbars) and [image: image] is the error term.

The CS-ARDL model is as:
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In Equation (3) [image: image] is the dependent, [image: image], [image: image] and [image: image] are the independent variables, for country i at time t, [image: image] is the country-specific intercept, [image: image] represents the coefficients for the lagged dependent variable (for lags [image: image] to [image: image]), [image: image], [image: image] and [image: image] are the coefficients for the lagged independent variables, respectively, (for lags [image: image] to [image: image]), [image: image], [image: image], [image: image] and [image: image]` are the cross-sectional averages of the dependent and independent variables at time t, [image: image], [image: image], [image: image] and [image: image] are the coefficients for the cross-sectional averages, capturing the common correlated effects and [image: image] is the idiosyncratic error term.

The AMG model is as:
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In Equation (4) [image: image] is the country-specific intercept, [image: image] represents the time-specific effects, [image: image] represents the coefficient multiplied by the demeaned time trend, where [image: image] is the dynamic process capturing the common dynamic process and [image: image] is the idiosyncratic error term. After estimating the above model, the mean group estimator for AMG is obtained by averaging the country-specific coefficients as given in Equation (5):
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Where [image: image] is the mean group estimate for the parameter [image: image], [image: image] is the number of cross-sectional units (countries), [image: image] represents the estimated coefficient [image: image]for the [image: image] independent variable for country [image: image] [image: image], stands for the different independent variables in the model.

We performed a stratified analysis using the AMG estimator to investigate the impact of health expenditures (LH) on economic growth across different health financing models. Our approach involved two key steps. First, we calculated country-specific parameter estimates for LH using the AMG estimator. This provided us with insights into the unique impact of health expenditures on economic growth for each country. Second, we grouped the countries according to their health financing systems: Bismarck, Beveridge, Private Health Insurance, and System in Transition. Within each group, we calculated the mean of the country-specific estimates. This stratified analysis allowed us to understand the average effect of health expenditures on economic growth within each type of health financing system.

By estimating country-specific coefficients, we ensured that our analysis accurately reflects the distinct economic contexts and health financing environments of each country. The stratified analysis for health financing systems provided us with a comprehensive view of how different health financing models influence the effectiveness of health expenditures in promoting economic growth, which is a core objective of our research. In our analysis, we focused specifically on reporting the stratified coefficient of LH, as our primary goal is to examine the Health-Led Growth Hypothesis (HLGH). This targeted approach enables us to draw clear and precise conclusions about how health expenditures influence economic growth across different health financing frameworks, thereby enhancing the relevance and applicability of our findings.

We specifically chose the AMG estimator for our stratified analysis and country-specific estimations over other second-generation models due to its unique advantages in handling cross-sectional dependence and heterogeneous slopes. The AMG estimator effectively incorporates common dynamic processes, which is crucial given the shared economic and health shocks among OECD countries. This capability is essential for accurately capturing the interdependencies across countries within our panel data. This heterogeneity is particularly important when analyzing a diverse group of countries with different health financing systems, as it provides a more nuanced understanding of how health expenditures affect economic growth in different contexts. The AMG estimator is also adept at addressing cross-sectional dependence by incorporating common factors into the regression model. This feature is essential for our study, as it helps mitigate biases that could arise from ignoring such dependencies. By including these common factors, the AMG estimator ensures that the estimated effects are not distorted by unobserved common shocks that affect all countries in the panel. Other second-generation models, while effective, do not offer the same level of flexibility in capturing country-specific effects and managing cross-sectional dependencies simultaneously.

To validate the robustness of our results obtained from the Dynamic CCEMG, CS-ARDL and AMG models, we performed parallel estimations using the conventional panel data models, Panel ARDL model employing the PMG estimator by Pesaran, Shin and Smith (42), as well as the FMOLS and DOLS models, which address concerns of serial correlation and potential endogeneity (44). These models were chosen for their ability to manage the issues identified in our methodological examination, ensuring that our analysis remains coherent, and the conclusions drawn are firmly grounded in empirical evidence.

FMOLS, developed by Phillips and Hansen (43) is designed to provide asymptotically efficient estimates of cointegrating vectors by adjusting for serial correlation and endogeneity. This method modifies the traditional Ordinary Least Squares (OLS) estimator through a series of non-parametric adjustments based on the long-run covariance matrix of the error terms. FMOLS corrects for serial correlation in the residuals using a non-parametric approach and handles endogeneity by modifying the OLS estimator, utilizing corrections derived from the long-run covariance matrix. It involves the use of kernel estimators to adjust the long-run covariance matrix and, as a non-parametric method, avoids assumptions about the specific form of the error distribution. Consequently, FMOLS produces consistent and efficient estimators for cointegration relationships, making it suitable for large samples with complex error structures.

On the other hand, DOLS, introduced by Stock and Watson (44), offers a different approach by augmenting the cointegrating regression with leads and lags of the first differences of the regressors. This parametric method aims to provide consistent estimates of the cointegration vector, directly addressing endogeneity and serial correlation through dynamic adjustments. DOLS adds leads and lags of the differenced independent variables to the cointegrating regression, directly addressing serial correlation by incorporating dynamic terms into the model. It mitigates endogeneity by including leads and lags, reducing the correlation between the error term and the independent variables. As a parametric approach, DOLS relies on the inclusion of specific dynamic terms, making it straightforward to implement. This methodology is often preferred in small samples due to its parametric nature and ease of implementation.

Both FMOLS and DOLS aim to provide robust estimates of cointegrating relationships in the presence of endogeneity and serial correlation, ensuring asymptotically efficient estimates under specific conditions. Despite these similarities, notable differences exist between the two methodologies. FMOLS employs non-parametric corrections based on the long-run covariance matrix, involving more complex adjustments suitable for larger samples. In contrast, DOLS uses parametric corrections by incorporating leads and lags of the differenced regressors, offering a more straightforward implementation, particularly effective in small samples. By employing both DOLS and FMOLS, we ensure that the long-term relationships between health expenditures and economic growth are accurately estimated, taking into consideration the dynamic and potentially endogenous nature of the data. This dual approach enhances the robustness and reliability of our findings, providing a comprehensive understanding of the health-economic growth nexus in OECD countries.

The Panel ARDL approach is used to estimate the relationships between the dependent variable (GDP) and its lags, along with other independent variables and their lags. The model is specified as:
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In Equation (6) the variables represent the logarithmic transformations of the actual data values to stabilize variance and improve the model’s interpretability.

The DOLS model in the panel data setting is expressed as Equation (7):
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Fully Modified OLS (FMOLS) provides an estimator of cointegrating relationships among non-stationary panel data, correcting for both serial correlation and potential endogeneity. The FMOLS formula is specified as Equation (8):
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In employing these methods, appropriate diagnostic tests, including stationarity tests, cointegration tests, and post-estimation diagnostics, are performed to ensure the robustness and reliability of the estimated models.



3 Results

We used STATA 17 for performing the tests and estimation of the models. The descriptive statistics of the variables is presented in Table 2.



TABLE 2 Descriptive statistics.
[image: Table2]

Our research commenced by analyzing the presence of cross-sectional dependence. This was evaluated using the bias-adjusted Lagrange Multiplier (LM) test for cross-sectional dependence (47). The findings pertaining to the cross-sectional dependence are tabulated in Table 3.



TABLE 3 Cross-sectional dependence test results.
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For assessing cross-sectional dependency, the null hypothesis posited in the trio of applied tests postulated the absence of such dependency. As evident from the data in Table 3, this initial hypothesis is refuted across all tests, indicating the presence of cross-sectional dependency within the data set.

Slope homogeneity tests are crucial in the realm of econometric analysis, particularly in the study of panel data and linear panel models. These tests are designed to ascertain whether the relationships between variables remain consistent across various units or groups within a dataset. The assumption of slope homogeneity, a cornerstone of first-generation panel data models, if invalidated, could introduce bias into conventional panel data estimators. Consequently, following the cross-sectional dependency analysis, this research undertook an examination of slope heterogeneity within the model. For this purpose, the slope heterogeneity tests formulated by Pesaran and Yamagata (50) and Blomquist and Westerlund (51) were utilized.

Table 4 presents results from the Pesaran and Yamagata (50), and Blomquist and Westerlund (51) slope homogeneity tests, with both tests revealing significant test statistics at the 1% level. This statistical significance suggests a rejection of the null hypothesis that slope coefficients are homogeneous across the panel data. The presence of adjusted statistics further supports this finding, indicating slope heterogeneity, which implies that different units in the panel exhibit varying slope coefficients. This result is critical for model specification and interpretation within the associated study.



TABLE 4 Slope homogeneity test results.
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Subsequently, acknowledging the confirmed cross-sectional dependency and slope heterogeneity, the study progressed to employ the Cross-sectional unit root test (CIPS) (54). The outcomes of this unit root analysis are comprehensively detailed in Table 5.



TABLE 5 CIPS unit root test results.
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The CIPS Unit Root Test results indicate that the variables LY, LGCF, LL, and LH are non-stationary at their levels as their test statistics are not significant. However, once differenced, all variables exhibit stationarity: LY and LGCF at the 5% significance level, and LL and LH at the 1% significance level. Upon consideration of the cross-sectional dependence present within the dataset, the decision has been made to rely on the outcomes of the CIPS test. Consequently, it is assumed that all series exhibit integration of order one, denoted as I (1).

Given that the series were determined to be integrated of order one I (1), the exploration of the cointegration relationship among the series was undertaken utilizing the Durbin–Hausman cointegration test, as formulated by Westerlund (55), which is chosen for its robust accommodation of cross-sectional dependence. This test affords a more sophisticated analysis of cointegration relationships, thereby enhancing the integrity of the results. The Westerlund Durbin–Hausman test’s ability to account for cross-sectional dependence is essential in ensuring that the long-run equilibria inferred from the time series data are not spurious but indicative of a genuine cointegration relationship. The outcomes of the Westerlund Durbin–Hausman cointegration test are presented in Table 6.



TABLE 6 Westerlund Durbin–Hausman cointegration test result.
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According to the Westerlund cointegration test results, the Variance Ratio statistic is found as −1.6845 with a p-value of 0.0460. This p-value, being below the conventional significance threshold of 0.05, provides a statistically significant basis to reject the null hypothesis of no cointegration at the 5% level. Hence, the data reveal a long-term equilibrium relationship among the variables within certain panels, suggesting that these non-stationary time series variables are cointegrated and move in tandem over time.

Upon the results of cross-sectional dependence, slope homogeneity, unit root, cointegration tests, it was ascertained that the series exhibit cross-sectionally dependent errors, slope heterogeneity, presence of a unit root and cointegration. The subsequent discourse will revolve around potential estimators, in order to obtain long-run cointegration coefficients, that demonstrate robustness to cross-sectional dependence and/or slope heterogeneity. We employed advanced econometric models including Dynamic CCEMG, CS-ARDL and AMG to rigorously test the HLGH. To substantiate the robustness and reliability of the findings derived from these models, we conducted conventional estimations utilizing the Panel ARDL approach by adopting the PMG estimator. The estimated outcomes derived from the models are delineated in Tables 7, 8.



TABLE 7 Second-generation panel data estimation results.
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TABLE 8 Robustness check: conventional panel data estimation results.
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The empirical investigation into the HLGH across OECD countries yielded substantive evidence, as encapsulated in the estimations presented in Table 7. When applying Dynamic CCEMG, CS-ARDL and AMG econometric methodologies, we discerned a consistent and statistically significant relationship between health expenditure per capita and GDP per capita, providing robust support for the HLGH. LGCF exerted a positive influence on economic output, with significant coefficients at the 1% level across all models: 0.631 (CCEMG), 0.591 (CS-ARDL), and 0.515 (AMG). This underscores the assertion that capital investment is a pivotal component of economic growth. LL variable revealed a complex pattern, with a significantly positive impact in the CCEMG model at the 5% level (2.696), contrasted by a significant negative influence in the CS-ARDL and AMG models at the 1% level (−0.3440 and − 0.0185, respectively). This complexity may reflect the nuanced effects of labor force size on per capita economic output, contingent upon the diverse economic landscapes and labor market dynamics within the OECD countries.

The difference in parameter estimates across various models, particularly when they exhibit different signs, can be attributed to the underlying assumptions and methodological approaches of each estimator. Dynamic CCEMG estimator accounts for cross-sectional dependence by incorporating common factors into the regression model, allowing for heterogeneous slopes and intercepts. This flexibility can lead to more precise estimates but also to differences in parameter signs if common factors influence countries differently (59). The CS-ARDL model captures both short-term and long-term dynamics by including cross-sectional averages of the dependent and independent variables (45). This approach can result in different parameter estimates due to its focus on dynamic relationships and adjustment processes. The AMG (Augmented Mean Group) estimator builds upon the Mean Group (MG) approach by incorporating common correlated effects to address cross-sectional dependence and unobserved heterogeneity. This extension allows the AMG estimator to provide different parameter estimates, especially when significant unobserved common factors are present. By accounting for these common factors, the AMG estimator offers a more robust analysis in panel data models with heterogeneous slopes and weak cross-sectional dependence of the errors (60).

LH maintained a positive and statistically significant effect on GDP per capita at the 5% level in the CCEMG model (0.600) and at the 1% level in both the CS-ARDL (0.374) and AMG (0.226) models, signifying the vitality of health investment as an engine for economic advancement. The consistency in health expenditure’s impact across varied analytical frameworks emphasizes its indispensable role in fostering economic development. The findings conclusively affirm the HLGH for the OECD countries.

While our study spans a diverse set of OECD countries, we acknowledge the inherent variability in structural and economic contexts across these nations. This diversity is a critical factor that our methodology addresses using second-generation panel data models. These models provide a nuanced understanding of the health expenditure-economic growth nexus by accounting for country-specific characteristics. Consequently, our findings offer valuable insights that are both generalizable and context-specific, enhancing their relevance for policymaking across different OECD countries. Even though these second-generation models capture the differences among countries in terms of structural and economic contexts, there may still be other factors not captured by our model specifications. This limitation is important to consider when generalizing our results.

After performing the second-generation models, which effectively address cross-sectional dependency and slope heterogeneity, we also employed first-generation panel data models, namely Fully Modified Ordinary Least Squares (FMOLS), Dynamic Ordinary Least Squares (DOLS), and the Pooled Mean Group (PMG) estimator. Even though the results from the second-generation models indicate the presence of cross-sectional dependency and slope heterogeneity, we included first-generation models for several reasons.

First, incorporating first-generation estimators provides a benchmark for comparing the results obtained from second-generation methods. By presenting these estimates, we can illustrate the differences and potential biases that arise when cross-sectional dependency and heterogeneity are not accounted for. This comparative analysis is essential for understanding the extent to which more advanced estimators improve the accuracy and reliability of our findings. Additionally, including first-generation estimations helps validate the robustness of our findings. If the results from both first-generation and second-generation estimators are consistent, it strengthens the credibility of our conclusions by demonstrating that our findings are not sensitive to the choice of estimation technique. Conversely, significant differences between the two sets of results highlight the importance of using advanced techniques to obtain reliable estimates. This approach ensures that our analysis is thorough and that our conclusions are well-supported by multiple methodological perspectives. By employing both first- and second-generation estimators, we aim to provide a comprehensive and robust analysis, demonstrating the improvements and necessity of advanced methods while ensuring that our findings are reliable and credible across different estimation techniques.

Table 8 provides a coherent and compelling set of results from first-generation panel data methodologies. LGCF exhibits a consistently positive and statistically significant effect on the GDP per capita across all three methods, with coefficients of 0.7476 (Panel ARDL), 0.7056 (DOLS), and 0.7130 (FMOLS), all significant at the 1% level. This reinforces the notion that investments in the form of capital formation are a pivotal factor in promoting economic prosperity. LL presents an intriguing case with its negative association with GDP per capita, significant at the 5% level in the Panel ARDL (−0.1827) and at the 1% level in both DOLS (−0.6179) and FMOLS (−0.4651) estimations. This counterintuitive finding may suggest that an increasing labor force without concurrent increases in job creation or productivity could potentially dilute GDP per capita. It might also reflect structural issues within the labor market, such as underemployment or a mismatch between the skills of the labor force and the needs of the economy.

The differences between first- and second-generation panel data models are evident in the parameter estimates for key variables such as gross capital formation (LGCF) and health expenditure (LH). First-generation models, such as FMOLS, DOLS, and PMG, generally produce larger estimates for LGCF and smaller estimates for LH compared to second-generation models. This can be attributed to the assumptions of cross-sectional independence and homogeneity inherent in these models. These assumptions can lead to biased estimates when there is cross-sectional dependence and heterogeneity in the data. Moreover, first-generation models tend to have smaller standard errors due to their parametric nature and the specific handling of dynamic relationships.

Second-generation models, such as Dynamic CCEMG, CS-ARDL, and AMG, account for cross-sectional dependence and heterogeneous slopes, providing more robust and reliable estimates. These models typically yield smaller estimates for LGCF and larger estimates for LH, reflecting a more nuanced understanding of the underlying relationships. The standard errors are generally larger in second-generation models, reflecting the added complexity and flexibility in the estimation process. Second-generation models incorporate cross-sectional dependence by including common factors or averages, which helps to mitigate biases that may inflate estimates in first-generation models. On the other hand, the ability of second-generation models to allow for heterogeneous slopes results in more accurate and representative estimates for variables like LH, which may vary significantly across different countries and contexts. Second-generation models, particularly CS-ARDL, capture both short-term and long-term dynamics, offering a comprehensive view of the relationships between health expenditures and economic growth. This contrasts with the more static approach of first-generation models. The standard errors in second-generation models are larger due to the robust corrections for endogeneity and cross-sectional dependence, providing a more conservative and reliable estimate.

The robustness of the HLGH is further substantiated through the estimations presented in Table 8. The findings of these estimations further corroborate the HLGH in the context of the 38 OECD countries under study. Health Expenditure per Capita, the independent variable of particular interest, shows a positive relationship with GDP per capita across all models, with coefficients of 0.1021 (Panel ARDL), 0.2228 (DOLS), and 0.3556 (FMOLS), all significant at the 1% level.

The findings of this study indicate that expenditures on health care do not merely lead to enhanced health outcomes but also substantially contribute to economic growth. This highlights the critical value of health as a form of human capital investment. The positive influence of health expenditure on economic growth is particularly compelling, given its consistency across different estimators and robustness checks. It is a finding that holds profound implications for policy formulation, emphasizing the significance of health sector investments in the broader economic agenda of the OECD countries.

In our scholarly endeavor, one of our primary objectives was to meticulously analyze the impact of health financing systems on the HLGH. Understanding how different systems either facilitate or impede the translation of health expenditures into economic growth is crucial for crafting effective health and economic policies. To achieve this, we estimated country-specific coefficients using the AMG estimator, categorizing the countries by their respective health financing models health financing models—namely the Bismarck Model, Beveridge Model, Private Health Insurance Model, and System in Transition (formerly Semaschko) model. These models represent different approaches to delivering and financing health care: The Bismarck model typically involves health insurance funded by employers and employees through payroll deduction, the Beveridge model is characterized by financing through taxation and the health care being provided by the government, the Private Health Insurance model relies heavily on private health insurance as the principal means of covering health costs and the System in Transition country model introduces a unique group, unlike other categories that are often defined by their source of financing, this classification congregates the transitioning economies of Central Europe which characterized by the ongoing transformation of their health systems, indicating a shift from previous models toward new, more market-oriented or mixed systems of healthcare provision and financing (61, 62). This stratified analysis, as presented in our results, allowed us to not only quantify the effect of health expenditure on GDP per capita within each country but also to draw comparisons across differing systemic frameworks. The AMG estimator was chosen for estimating country-specific coefficients to effectively manage data heterogeneity and cross-sectional dependence in the global dataset, which also handles unobserved dynamic factors, ensuring robust assessment of the long-term link between health spending and economic growth in each country.

Table 9 presents the country-specific parameter estimations of LH, elucidating the impact of health expenditure on economic growth. We employed the classification framework delineated by Torbica, Fornaro, Tarricone and Drummond (61) for categorizing countries by their health financing mechanisms in the table.



TABLE 9 Health financing systems and country-specific results of the AMG estimator.
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Within the Bismarck Model countries, there is considerable heterogeneity in how health expenditures relate to economic growth. Nations like Belgium, Lithuania, Luxembourg, Switzerland, and Turkiye demonstrate a robust and positive association, while France and Colombia’s negative coefficients suggest a different scenario where health spending does not translate into economic growth. Several countries show positive but not statistically significant results, indicating a potential trend that requires further exploration. The standard deviation within this group is the highest among the health financing models at 0.393, indicating a substantial dispersion in the coefficients and suggesting that the relationship between health spending and economic growth is complex and likely influenced by multiple country-specific factors.

The Beveridge Model countries predominantly show positive coefficients, with several countries like Greece, Latvia, New Zealand, Portugal, Spain, Sweden, and the United Kingdom indicating a statistically significant positive relationship between health expenditures and GDP growth. These findings suggest that, in many cases, the government’s role in financing healthcare is associated with beneficial economic outcomes. However, the case of Australia demonstrates a significant negative impact, highlighting that the relationship between health spending and economic growth can vary greatly even within a similar healthcare financing framework. The standard deviation for the Beveridge Model group is 0.341, which is relatively high but less than the Bismarck Model group, indicating some degree of variability in the impact of health expenditures on economic growth.

The countries operating under the Private Health Insurance Model demonstrate a more varied impact of health expenditures on GDP growth compared to the Beveridge or Bismarck models. The United States shows a clear positive and significant impact, while Mexico and Chile exhibit coefficients that are not statistically significant, with Mexico showing a negative coefficient and Chile a positive one.

The countries transitioning from the Semaschko model demonstrate a uniformly positive and statistically significant impact of health expenditures on GDP growth, which is quite remarkable. The strong coefficients across these countries suggest that the reforms and restructuring of their healthcare systems have been conducive to leveraging health expenditures for economic growth. The transition appears to be associated with improved efficiency and effectiveness in health spending. The standard deviation for this group is relatively low (0.129), indicating a consistent pattern of positive economic outcomes from health expenditures across these countries. This consistency might be due to the focused efforts and reforms undertaken by these countries to improve their healthcare systems during the transition phase.

Across all models, the mean coefficients are positive, indicating that health expenditure per capita generally has a favorable impact on GDP per capita across different health financing systems. Yet, the variability within and between these models suggests that the efficiency and effectiveness of health expenditure may be influenced by the particular health financing system in place. The significant coefficients in many countries reinforce the notion that health expenditure is a key factor in economic growth, supporting the HLGH. Moreover, the negative coefficients in some nations indicate that increased health spending alone does not guarantee higher economic output, highlighting the importance of efficiency and the alignment of health expenditures with broader economic policies and objectives.



4 Discussion

As the world continues to confront challenges such as aging populations, escalating healthcare costs, and the growing prevalence of chronic illnesses, comprehending the relationship between health spending and economic development is increasingly crucial. In our empirical analysis, health expenditure per capita delivered a uniformly positive and significant influence on GDP per capita, decisively affirming the HLGH across all econometric estimators. Our findings strengthen the argument for health expenditure as a pivotal component of human capital investment which is crucial for economic advancement. This study’s affirmation of the HLGH holds profound implications for health policy and planning within OECD nations. The empirical evidence that health spending can boost economic growth provides a compelling rationale for investing in robust, efficient healthcare systems. It positions health spending as part of a value-creation strategy rather than just a cost center.

In this research, we also sought to examine the mechanisms through which health systems can facilitate economic prosperity. Our findings indicate that no single health system model consistently surpasses others in performance. Within the Bismarck and Beveridge models, there is a notable variation among countries, highlighting the role of national-specific elements. The Private Health Insurance Model shows less promise for economic benefits arising from health expenditures, albeit with variable outcomes. In contrast, the System in Transition demonstrates a consistently positive effect. The heterogeneity observed across health financing models suggests that merely increasing health expenditures in a vacuum may not guarantee economic dividends. These insights suggest possible avenues for improving the alignment between health system frameworks and overarching economic policy objectives.

The variability observed in the outcomes of the Bismarck model suggests that while payroll-based insurance provides a stable funding mechanism, there is potential for improvement through reforms aimed at increasing flexibility and enhancing strategic purchasing capabilities (63). It is imperative that the structure of contribution rates and the composition of benefits packages are meticulously designed to strike a harmonious balance between the principles of equity and efficiency. The efficacy of the Beveridge model, as evidenced in numerous countries, highlights the significant role that tax-funded healthcare systems can play in fostering economic growth through judicious allocation of resources and ensuring universal health coverage. The implementation of universal coverage is pivotal within the ambit of economic growth and sustainable development initiatives, chiefly because of its profound influence on augmenting human capital through enhanced health outcomes. It serves as a bulwark against the economic ruin caused by steep out-of-pocket healthcare costs, underpins economic productivity by sustaining a workforce that is both healthy and capable, and necessitates the convergence of efforts across various sectors and the determination of political leadership to drive systemic reforms. These reforms are crucial for guaranteeing equitable access to high-quality healthcare services for the entire populace (64). Within the framework of the private insurance model, HLGH was found to be statistically significant exclusively for the United States. In contrast, for other countries within this category, despite significant reforms, initiatives and policy interventions undertaken in Mexico (65, 66) and Chile (67) during the period from 2000 to 2018, our analysis did not identify a statistically significant link between health expenditure and economic growth. This lack of significant correlation may be attributed to the challenges these countries face in adapting to demographic expansion and fluctuations in inflation, which have adversely impacted per capita health expenditure, as reported by the OECD (68). The enduring positive influence of health expenditures on economic growth in Post Semaschko Model countries can be attributed to the strategic implementation of health system reforms within these nations (62, 69). Early initiation of comprehensive health reforms is recognized as a key determinant in achieving superior outcomes within their health systems (69).

This study contributes significantly to the academic literature and policy discussions surrounding the relationship between health and economic growth. By empirically supporting the HLGH and providing insights into the structure of health systems, this research lays a groundwork for further academic exploration. The findings highlight the importance of health expenditure as a high-yield investment for policymakers, emphasizing that such spending can substantially benefit economic growth. However, the impact’s magnitude is heavily influenced by the health system’s design and efficiency, as well as the financing methods employed. A deeper analysis of the specific features of each health financing model that account for these differences could provide valuable direction for improving health policies and developing more robust strategies for economic growth.

Despite these methodological precautions, the study acknowledges that its findings are subject to the limitations inherent in econometric modeling. These include the possibility of measurement errors in the variables used, the challenge of fully capturing the complex relationship between health expenditures and economic growth, and the potential for unobserved variables to influence the results. Moreover, the study’s reliance on available data and the assumptions underlying the econometric models may also limit the generalizability of its conclusions.

This study employs advanced econometric techniques to explore the Health-Led Growth Hypothesis across OECD countries. However, several methodological limitations and assumptions need to be acknowledged. Firstly, while the use of second-generation panel data models addresses cross-sectional dependence and heterogeneity, the accuracy of these models depends on the quality and completeness of the available data. Any measurement errors in the data could affect the results. Secondly, the assumption of homogeneity within health financing models may not fully capture the complex and multifaceted nature of health systems in different countries. Although our models account for heterogeneity, there may still be unobserved factors influencing the relationship between health expenditures and economic growth. Thirdly, the study period (2000–2019) does not account for more recent global events such as the COVID-19 pandemic, which could have significant impacts on health expenditures and economic growth. Future research should consider these recent developments to provide updated insights. Lastly, the potential for reverse causality, where economic growth influences health expenditures, is acknowledged. While our primary focus is on the effect of health expenditures on economic growth, the bidirectional nature of this relationship warrants further investigation. By outlining these limitations and assumptions, we aim to provide a clearer understanding of the context in which our results are applicable and the scope for future research.



5 Conclusion

This study provides important empirical evidence on the relationship between health expenditures and economic growth across OECD countries. The econometric analysis utilizing advanced panel data estimation techniques consistently affirms the HLGH, demonstrating that health spending exerts a statistically significant positive impact on GDP per capita. The results highlight that health expenditures should not merely be viewed from the lens of achieving health outcomes but also as a critical form of human capital investment that can stimulate economic development. The study reveals health spending as an engine of economic growth rather than just a byproduct of growing income levels. Our analysis of country-specific effects reveals nuances in how different health financing systems influence the efficiency of health expenditures in boosting economic output.
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Objective: The aging Chinese population is driving up health care costs, with hospitalizational accounting for a large portion of total health care costs. By 2012, hospitalization costs for people over 60 years of age exceeded outpatient costs, marking a change in the allocation of medical resources. Further research is needed on the factors influencing changes in hospitalizational costs and burden. This paper examines the costs and burden of hospitalization for older adults from a micro perspective, providing new evidence to explain how social, medical, family, personal, and geographic factors affect them.

Methods: Utilizing data from the 2018 China Health and Retirement Longitudinal Study (CHARLS), a linear regression model was constructed to investigate the impact of various factors on the hospitalization costs and burden among the older adult in China. To ensure the heterogeneity of the results, the sample was divided into subgroups based on different regions for comparative analysis. Additionally, collinearity among the variables was examined.

Results: The average hospitalization costs for the older adult are $1,199.24, with a burden score of 0.5. Residence, type of chronic diseases, region, family size, type of health service facility, received distance, smoke and alcoholic significantly affect the out-of-pocket expenses for older adult hospitalizations. In terms of the burden of hospitalization for the older adult, Residence, health insurance, education, type of chronic diseases, region, family size, ethnic, type of health service facility, received distance, smoke, alcoholic and pension significantly impact the hospitalization burden for the older adult.

Conclusion: This paper provides a new perspective to explain the factors influencing hospitalizational costs and burden in China. The policy recommendations include expanding health insurance coverage and promoting commercial insurance to enhance the accessibility and financial security of healthcare services. Strengthening primary care is suggested to reduce the burden on hospitals and lower the overall cost of hospitalization. Policies aimed at addressing regional healthcare disparities are proposed, along with targeted support for vulnerable groups, including subsidies and culturally sensitive services.
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1 Introduction

The improvement of living standards and better medical conditions have led to a decline in the birth rate and an extension of life expectancy, gradually transitioning China into an aging society. Since the 1980s, the proportion of the population aged 0–14 has been decreasing, while the proportion of those aged 65 and above has been steadily increasing. In the year 2000, individuals aged 60 and above constituted 10% of the total population in China, marking the country’s entry into the internationally recognized stage of an aging society. According to the sixth national population census conducted in 2010, the proportion of people aged 60 and above exceeded 13.26% of the total population. By the time of the seventh ethnical population census in 2020, the percentage of the population aged 60 and above had risen to 18.7% of the total population. This is a notable increase from the 7% recorded in 2000. It indicates that within a span of 21 years, the proportion of China’s older adult population aged 65 and older doubled from 7 to 14%. In comparison, it has typically taken high-income countries (HICs) around 55 years to achieve a similar doubling of this demographic segment (1–4). It is projected that by the year 2050, the proportion of the population aged 65 and above will reach 26%, with the proportion of those aged 80 and above accounting for 8% (5). These findings indicate that China has long entered the aging period, and the degree of aging is becoming increasingly severe.

Since the beginning of the 21st century, healthcare expenditure in the People’s Republic of China has been on the rise. The per capita healthcare expenditure soared rapidly from 1,407.74 Yuan (CNY) in 2008 to 3,783.83 Yuan (CNY) in 2017 (6). Concurrently, the proportion of government health expenditures increased from 5.7 to 7.5%, and as a percentage of the overall gross domestic product (GDP), it rose from 1.1 to 1.8% (7). Aging is a pivotal determinant influencing healthcare expenditure. While the aggregate level of public health spending is largely driven by societal determinants, its distribution is significantly dictated by health and disability. Consequently, additional increments in medical innovation and healthcare spending are often targeted towards the older adults, exacerbating the impact of population aging (8, 9). Evidence from Beijing indicates that the age effect on healthcare expenditure is most pronounced among the population aged 65 or over. The per capita healthcare expenditure for individuals aged 65 years or older is 7.25 times that of the population aged under 25 years, 1.61 times that of the population aged 25 to 59 years, and 3.47 times that of the population aged 60 to 64 years (10).

Hospitalization costs represent a substantial portion of overall medical expenses. According to the OECD Health Statistics 2021 report, inpatient care accounts for 28% of healthcare expenditure in OECD countries. From 2009 to 2013, the annual growth rate of hospitalization expenditure was 0.3%, while from 2013 to 2019, it increased by 2.1%. The expenditure and burden of hospitalization reflect the condition of hospitalized patients (11). The higher the hospitalization costs and burden, the higher the economic risk of illness for patients. Understanding the proportion of hospitalization costs in healthcare spending and its growth trend is essential for assessing the overall costs of the healthcare system and can serve as a basis for allocating medical resources.

In China, existing research has shown that the total outpatient expenses for individuals aged 60 and above were 1056.44 billion yuan in 2009, while the total hospitalizational costs were 957.02 billion yuan. By 2012, hospitalizational costs had increased to 2132.10 billion yuan, surpassing outpatient expenses, which totaled 2073.88 billion yuan (12). This reversal in expenditure highlights the shifting dynamics and patterns in healthcare utilization and resource allocation, underscoring the need for further investigation into the factors driving changes in hospitalization costs and burden.

The research by De Foor (13) indicates that there is a significant difference in hospitalization costs between older adult men and women, with men incurring higher hospitalization costs than women. Research by Zhang Rong and Li Fang demonstrates that medical insurance significantly increases outpatient and inpatient medical expenses for older adult individuals with chronic diseases. China’s health insurance system has been effective in increasing health care utilization and reducing out-of-pocket (OOP) hospitalization expenditures (14). China’s medical insurance system has successfully facilitated greater access to healthcare services and decreased out-of-pocket expenses for hospital stays (15, 16). According to the research by Ye Ziyi et al. variations exist in hospitalization costs among older adult patients of different genders, ethnicities (2–4). Ouyang Jing and colleagues have also pointed out that there are statistically significant differences in hospitalization costs among older adult patients across different genders, ethnicities, and healthcare institutions visited (17). The level of medical facilities also affects inpatient medical expenses, and the rational utilization and distribution of town-level and county-level hospitals may help to reduce medical costs (18). The study conducted by Yanghe et al. (19) indicates that there are statistically significant differences in the average hospitalizational costs and burden among patients with different educational levels, marital statuses, and types of medical insurance. The size of the household, origin from different regions, as well as the distance to medical facilities, have been shown to influence expenses (20, 21). Additionally, for chronic diseases and their types, many scholars have included them in the scope of factors affecting hospitalization costs (21, 22). Lifestyle and income are also significant factors influencing older adult hospitalization costs (23).



2 Research program


2.1 Data sources

This study used data from The China Health and Retirement Longitudinal Study (CHARLS) database. CHARLS is an ethnically representative population-based survey designed to study social, health, and economic issues of residents aged ≥45 years in light of the burgeoning aging population in China (24). Using the Probabilities Proportional to Size (PPS) sampling method, by adopting regional status, urban-rurality, and gross domestic product data in 2009 as stratified indicators, CHARLS followed the top-down county-neighborhood-household-individual order procedure in sampling. For sample weighting, CHARLS constructed sample weights for households, individuals, and biomarker data directly from the sampling probabilities (24). Face-to-face computer-assisted personal interviews (CAPI), physical measurements, and blood tests were conducted every 2 years to collect data. This study used data from 2018 and covered 17,970 residents in 10,524 households in 28 provinces in China, with a response rate of 83.84%.

According to the current legal retirement age in China, we have taken the definition of the older adult as 60 years old for men and 55 years old for women.



2.2 Research hypothesis

Rongfei et al. (25) research shows that in 2010, the provinces with the highest inpatient medical expenses in China were also twice as high as the lowest. Empirical studies have illustrated that in 2017, the maximum per capita hospitalization expenditure was 3.64-fold that of the minimum, a disparity that increased to 3.79-fold by 2019. This indicates a secular upward trend with significant variability in per capita costs across different regions. Spatial analysis of per capita hospitalization costs has revealed a pattern of geographic concentration, with a pronounced disparity characterized by higher costs in the eastern coastal regions compared to the western regions of China (26).

In terms of impact on the medical burden of the older adult, Chen et al. (23) made a systematic regression review to identify the factors that affect the medical expense burden of the older adult population and studied these factors from different angles. Various factors have been identified as having a significant impact on changes in health costs for older adults, including social, medical, family, and personal factors (23).

Accordingly, the design idea of the study is to first analyze the hospitalizational costs and burden of the older adults in various provinces, and then select the social, medical, family and personal factors that affect the hospitalization costs and burden of the older adult in the data sources. Due to the impact of residency and region on costs and burdens, the fifth factor, geographic factors, is selected. OLS regressions are used to determine how they affect costs and burdens. In the study, we took the exchange rate value of December 2018 and discounted it to 2023, where 1 US dollar is equal to 6.51 yuan.



2.3 Study variables

In our study, we focused on older adults’ hospitalizational costs and burden in 2018 as the outcome variable. The hospitalizational costs of the sample are measured by asking ‘What is the total cost of hospitalization in the past year (excluding escort, family transportation and accommodation)?’ ‘How much of it was self-paid?’. The hospitalizational costs are the out-of-pocket (OOP). The hospitalizational burden is constituted by the ratio of self-payment expenses to total expenses. Because personal hospitalization costs generally have a positively skewed distribution. So, take the natural logarithm of it. If out-of-pocket medical costs are 0, still take 0.

The explanatory variables encompass social factors such as health insurance and pension, medical factors including the type of health service facility and received distance, family factors like family size, and personal factors which involve gender, education, chronic disease, type of chronic diseases, marital status, ethnicity, smoking status, and alcohol consumption. Additionally, geographic factors are considered, specifically focusing on residence and region. The variable definitions and descriptions are as shown in Table 1.



TABLE 1 Definition of variables.
[image: Table1]




3 Empirical analysis


3.1 Descriptive statistics

The Table 2 presents a comprehensive analysis of hospitalization costs incurred by older adult individuals in China during the year 2018. It provides detailed statistics categorized by various demographic and socioeconomic variables, shedding light on the intricate patterns of healthcare expenditure among this population segment.



TABLE 2 Hospitalizational costs and burden of the older adults of China in 2018.
[image: Table2]

In the 2018 cohort of hospitalized patients in China, females constituted a larger proportion at 55.0% (1,238/2254), while males accounted for 45.0% (1,016/2254). Regarding residential areas, rural patients made up 56.5% (1,270/2254) of the sample, with urban patients comprising 43.5% (984/2254). The vast majority of patients were covered by basic health insurance, with 95.8% (2,160/2254) having access, while a small fraction had other types of health insurance (2.5%, 56/2254) or no health insurance at all (0.7%, 38/2254). In terms of educational attainment, 31.7% (715/2254) of the patients were illiterate, 20.7% (466/2254) did not complete primary school, 24.2% (536/2254) had completed primary school, 14.2% (319/2254) had completed secondary school, and only 9.7% (218/2254) had attained education levels beyond secondary school.

Among the hospitalized patients, 95.7% (2,158/2254) suffer from at least one chronic disease. Hypertension was the most prevalent, affecting 56.4% (1,275/2254) of the patients, followed by arthritis or rheumatism (52.5%, 1184/2254) and gastrointestinal diseases (42.3%, 953/2254). Other common chronic conditions include heart attack (39.2%, 883/2254), dyslipidemia (34.4%, 774/2254), chronic lung disease (28.9%, 650/2254), diabetes (22.1%, 498/2254), stroke (18.5%, 418/2254), kidney disease (17.7%, 398/2254), asthma (13.7%, 309/2254), liver disease (10.6%, 239/2254), memory-related disorders (10.2%, 230/2254), malignancy (5.28%, 119/2254), and emotional and mental problems (4.7%, 107/2254).

The regional distribution of hospitalized patients revealed that the western region had the highest proportion of patients, at 43.3% (972/2254), followed by the central region (30.5%, 688/2254), the eastern region (20.1%, 452/2254), and the northeastern region (6.3%, 142/2254). These data reflect the health status and medical needs of the older adult population across different regions in China, providing crucial insights for the development of public health policies and the allocation of resources.

The average total cost for hospitalization among the older adult is $2518.83, with a notable standard deviation of $4980.29, indicating a wide range of expenses within this demographic group. On average, out-of-pocket (OOP) expenses amount to $1199.24, with a standard deviation of $2428.75, suggesting significant variability in the financial burden borne by older adult patients. Male older adult individuals tend to incur slightly higher average total costs ($2732.60) and OOP expenses ($1201.82) compared to their female counterparts, although the difference in burden is marginal. Urban older adult individuals generally face higher average total costs ($3030.21) and OOP expenses ($1274.26) compared to their rural counterparts. However, rural elders exhibit a slightly higher burden. Older adult individuals covered by basic health insurance schemes report higher average total costs ($2523.81) and OOP expenses ($1205.34) compared to those with other forms of health insurance or without coverage. However, the burden is relatively lower for the former group. The level of educational attainment among older adult individuals correlates with healthcare expenses, with those with lower educational levels (e.g., illiterate, or incomplete primary education) experiencing lower average total costs and OOP expenses but bearing a higher burden. Older adult individuals diagnosed with chronic diseases generally face higher average total costs and OOP expenses compared to those without such conditions. However, the burden remains relatively consistent across both groups. Different chronic diseases exhibit varying impacts on healthcare expenses. For instance, malignancy is associated with significantly higher expenses compared to other chronic conditions. Older adult individuals residing in eastern regions incur substantially higher average total costs and OOP expenses compared to their counterparts in other regions, leading to a relatively higher burden.



3.2 Older adult’s hospitalizational costs and burden in each province

In China, the relationship between the ranking of per capita GDP and the out-of-pocket expenses and burden for older adult residents’ hospitalizations across various provinces provides a critical perspective for understanding the link between economic development and the affordability of healthcare services. Comparative analysis reveals some striking patterns.

This is shown in Figure 1, the data indicates significant disparities in the out-of-pocket medical burden among different provinces. Beijing has the lowest proportion of medical burden, at 0.39, with out-of-pocket expenses for hospitalization amounting to $5027.92. Shanghai’s medical burden ratio is 0.54, with out-of-pocket hospitalization costs at $4273.09. In contrast, Tianjin has the highest medical burden ratio, reaching 0.77, yet the out-of-pocket expenses are relatively lower, at $1724.59. Furthermore, provinces such as Jiangsu, Zhejiang, and Guangdong, despite their high GDP rankings, do not exhibit the lowest ratios of medical burden. This may reflect the higher cost of medical services in these regions. On the other hand, provinces like Guizhou, Yunnan, and Gansu, which have lower GDP rankings, do not necessarily have the highest ratios of medical burden, possibly due to local living costs, healthcare policies, and residents’ health needs.

[image: Figure 1]

FIGURE 1
 Older adult’s hospitalizational costs and burden in each province.


Overall, it can be observed from the data that as the ranking of per capita GDP decreases, the per capita out-of-pocket expenses for older adult hospitalization tend to decrease as well, while there is no distinct trend in the per capita hospitalization burden, which mostly hovers around 0.5.

This analysis underscores the complexity of the relationship between economic development and healthcare affordability. It suggests that while economic prosperity generally correlates with lower out-of-pocket medical expenses, other factors, including healthcare policies and the cost of living, also play significant roles in determining the medical burden on the older adult population. Policymakers may need to consider these multifaceted factors when designing interventions to improve healthcare affordability and accessibility for the aging population across different economic settings.



3.3 Multicollinearity test

The Table 3 presents the results of multicollinearity diagnostics through the calculation of Variance Inflation Factors (VIF) and their reciprocals (1/VIF). These metrics assess the degree of collinearity among the independent variables in a regression model. In regression analysis, multicollinearity occurs when independent variables are highly correlated with each other, which can lead to unreliable coefficient estimates and inflated standard errors. VIF measures the extent to which the variance of an estimated regression coefficient is increased due to collinearity (27).



TABLE 3 Results of multicollinearity between variables.
[image: Table3]

The VIF values range from 1.03 to 2.71, with an average VIF of 1.49, indicating that multicollinearity is generally not severe in the model. According to convention, VIF values below 10 are considered acceptable, suggesting that the model does not suffer from severe multicollinearity issues.

The reciprocal of VIF (1/VIF) provides a complementary perspective, where values closer to 1 indicate lower collinearity. Conversely, values closer to 0 suggest higher collinearity.

In summary, the VIF analysis indicates that while some variables show moderate collinearity, the overall model does not suffer from severe multicollinearity issues.



3.4 Benchmark regression results


3.4.1 Analysis of influencing factors on older adult’s hospitalizational costs

The conducted linear regression analysis aims to explore the determinants of hospitalizational costs, shedding light on the intricate interplay between various demographic, socio-economic, and health-related factors.

As shown in Table 4, residence status emerged as a significant predictor, revealing that individuals residing in urban areas tend to incur higher inpatient out-of-pocket costs compared to their rural counterparts (β = 0.1550, p = 0.05). However, gender did not exhibit a statistically significant association with out-of-pocket costs, indicating no discernible difference between males and females (β = −0.1199, p = 0.25). Health insurance status displayed varied effects, with individuals possessing basic health insurance showing a marginal increase in costs (β = 0.2692, p = 0.30), while those with other health insurance experienced a non-significant decrease (β = −0.0808, p = 0.81).



TABLE 4 Older adults ‘hospitalizational costs linear regression model.
[image: Table4]

Among chronic diseases, malignancy (β = 0.9451, p < 0.01), chronic lung disease (β = 0.2558, p < 0.01), and liver disease (β = 0.2582, p = 0.02) were significantly associated with higher inpatient costs. Additionally, hypertension exhibited a significant positive association (β = 0.1523, p = 0.04). Regional disparities were evident, with individuals residing in central (β = −0.4074, p < 0.01) and western areas (β = −0.3814, p < 0.01) experiencing significantly lower inpatient costs compared to those in eastern areas. Type of health service facility also played a pivotal role, with individuals receiving care from township hospitals incurring significantly lower costs (β = −1.0191, p < 0.01) compared to those utilizing Chinese Medicine Hospitals. Similarly, those utilizing other health service facilities exhibited decreased expenses (β = −0.6607, p < 0.01). Notably, distance traveled to receive healthcare services demonstrated a significant positive association with inpatient expenses (β = 0.0009, p < 0.01), indicating that longer distances were associated with higher expenses.

Furthermore, individuals who had drunk alcohol in the past year exhibited significantly lower inpatient expenses (β = −0.1001, p = 0.04), while other demographic and socio-economic factors such as education level, marital status, and pension status did not display significant associations.



3.4.2 Analysis of influencing factors on older adult’s hospitalizational burden

In this section, the ordinary least squares model was used to perform a regression analysis on the relationship between the self-payment burden (dependent variable) and the respective variables of the older adult population in China. Considering various demographic, socio-economic, and health-related factors. The results, summarized in the Table 5, provide insights into the associations between these factors and the financial burden borne by individuals in accessing healthcare services.



TABLE 5 Older adults ‘hospitalizational burden linear regression model.
[image: Table5]

The residence variable demonstrated a significant association with burden, with individuals residing in urban areas experiencing a slightly lower burden compared to their rural counterparts (β = −0.0317, p = 0.02). Regarding gender, no significant difference was observed in the burden between males and females (β = −0.0011, p = 0.95). Health insurance coverage emerged as a significant predictor of burden, with individuals having basic health insurance or other health insurance experiencing lower burden compared to those without health insurance (β = −0.2708, p < 0.01; β = −0.3028, p < 0.01, respectively), residents with other insurance have a lower burden of hospitalization than those with only basic insurance. Education level also showed a significant association, indicating that individuals with higher education tend to have lower burden (β = −0.0103, p = 0.04).

Among chronic diseases, liver disease was significantly associated with higher burden (β = 0.0486, p = 0.01), while patients with kidney disease had a lower burden (β = −0.0256 p = 0.10). Other chronic diseases did not show significant associations. Region-wise, individuals in central areas and the western areas exhibited a significantly lower burden compared to those in eastern areas (β = −0.0470, p = 0.01; β = −0.0354, p = 0.03). Moreover, family size was positively associated with burden (β = 0.0299, p = 0.01). Regarding marital status, being married was not significantly associated with burden compared to other marital statuses (β = −0.0206, p = 0.19). Ethnicity demonstrated a marginal association, with individuals of other ethnicities showing slightly higher burden compared to Han ethnicity (β = 0.0384, p = 0.09). Type of health service facility also played a role, with individuals receiving care from specialized hospitals or general hospitals experiencing higher burden compared to those utilizing Chinese Medicine Hospitals (β = 0.0602, p = 0.02; β = 0.0388, p = 0.05, respectively), conversely, those who were hospitalized in township hospitals had a lower burden. The distance traveled to receive healthcare services showed a significant association, with longer distances associated with slightly higher burden (β = 0.0001, p < 0.01).

Other factors such as smoking status, alcohol consumption, and pension status were also found to be associated with burden. Individuals who had not drunk alcohol in the past year and those receiving pensions experienced lower burden, while current smokers exhibited slightly higher burden.




3.5 Heterogeneity analysis

The heterogeneity analysis results were examined through a comparative analysis between the overall sample and its four subgroups representing distinct regions. This analysis aimed to assess the consistency of the relationships between independent variables and the natural logarithm of inpatient out-of-pocket costs across different geographical areas. In Table 4, the coefficients represent the estimated effects of independent variables on inpatient out-of-pocket costs, with significance denoted by asterisks (0.1*, 0.05 **, 0.01 ***). The Table 6 is organized into columns for the overall sample and each of the four subgroups (Eastern, Central, Northeast, and Western regions).



TABLE 6 Heterogeneity analysis of older adults ‘hospitalizational costs.
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Urban residence exhibits a positive coefficient in the overall sample and Central region. The female gender generally shows negative coefficients across all subgroups and the overall sample. Basic health insurance demonstrates a positive coefficient in the overall sample and several subgroups, with no significant results in the Northeast region. Other health insurance also shows varied effects across subgroups. Generally, education exhibits negative coefficients across all subgroups and the overall sample, although not always statistically significant.

The presence of chronic diseases generally shows positive coefficients across subgroups and the overall sample. The coefficient for hypertension patients suggests a slight increase in inpatient expenses. The coefficient for diabetes patients suggests a potential increase in inpatient expenses, notably significant in the Central and Western regions within the overall sample. The coefficient for malignancy indicates a significant positive effect on inpatient expenses, particularly in the Eastern region. The coefficient for chronic lung disease patients suggests a potential increase in inpatient costs, especially significant in the Eastern region within the overall sample. The coefficient for liver disease patients indicates a positive impact on inpatient expenses, especially significant in the Central and Western regions. The coefficient for stroke patients suggests a potential increase in inpatient expenses, particularly significant in the Eastern region.

The coefficient for family size is positive in the overall sample and most subgroups. Coefficients vary across different types of health service facilities, with significant effects observed for specialized hospitals in the overall sample and Township Hospitals in various subgroups. Generally, received distance exhibits positive coefficients, with statistically significant results in all subgroups. People who have smoked cigarettes and those who have drunk alcohol in the past year usually show a negative correlation. People with pensions generally have higher costs, although the level of significance varies among different subgroups.

Overall, the coefficients demonstrate consistency in directionality across subgroups and the overall sample for many independent variables. However, there are also notable variations in significance levels and magnitudes of effects.

The Table 7 presents the results of robustness tests for the burden across different subgroups and the overall sample. The coefficients represent the estimated effects of various independent variables on the dependent variable, with emphasis on the consistency and significance of coefficients across different subgroups and the entire sample.



TABLE 7 Heterogeneity analysis of older adults ‘hospitalizational burden.
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In urban areas, there is a statistically significant negative effect on the burden, which is consistent across all regions. However, the effect is only significant in the Northeast at a lower level of significance. Females generally have a negative effect on the burden, but the effect is not statistically significant across all regions and the entire sample. Both basic health insurance and other health insurance have significant negative effects on the burden, consistent across all regions and the entire sample except for the northeast. Higher levels of education have a significant negative effect on the burden, consistent across all regions and the entire sample except for the northeast.

Liver disease is usually positively correlated with hospitalization burden, while kidney disease has a negative coefficient in both the total sample and subgroups and has some significance. A higher family size generally leads to a higher burden, with significant positive effects in some regions and the entire sample. Belonging to a non-Han ethnicity has varying effects on the burden across regions and the entire sample.

The type of health facility has varying effects on the burden across regions and the entire sample. Compared to Chinese Medicine Hospitals, both Specialized Hospitals and other types of health service facilities exhibit positive coefficients, except in the Northeast region. Township Hospitals, on the other hand, consistently show negative coefficients across all regions and the overall sample. There is a statistically significant positive effect of distance on the burden, consistent across all regions and the entire sample.

Individuals who have smoked tend to have lower burden, whereas those who have consumed alcohol in the past year exhibit higher burden. Moreover, individuals without pension tend to incur higher costs for hospitalization. Furthermore, some coefficients exhibit varying levels of significance across regions, highlighting the nuanced impact of these factors on healthcare expenses.

Overall, the results highlight the importance of considering various factors and their nuanced effects on the burden, with some consistent patterns across regions and the entire sample.




4 Discussion


4.1 Social factors


4.1.1 Health insurance

Insurance has no significant impact on hospitalization costs, but for older adult individuals without insurance, those with basic medical insurance and additional insurance coverage beyond basic medical insurance experience significantly reduced burden, with those possessing additional insurance experiencing even greater reductions.

Firstly, basic medical insurance typically provides some degree of coverage for medical expenses, which can reduce residents’ economic burden in seeking medical care, increase accessibility to healthcare services, and meeting residents’ medical service needs. It is particularly crucial for older adult individuals who often face more health issues and higher medical expenses (28). However, basic medical insurance may not cover all types of medical services and expenses, especially for expensive treatments and medications. In such cases, having additional insurance (such as commercial medical insurance or supplementary medical insurance) may further reduce older adult individuals’ medical expense burden (29).



4.1.2 Pension

Older adult individuals with pensions tend to incur greater burden. Research has indicated that receiving a pension can increase hospitalization costs by 2,538 yuan, and other medical expenses by 1,203 yuan (30). Individuals with pensions may be more inclined to seek expensive medical services and treatments because they have financial support to cover these expenses. In contrast, those without pensions or with less economic support may avoid or delay medical treatment due to costs, leading to lower medical expenses.




4.2 Medical factors


4.2.1 Type of health service facility

Compared to traditional Chinese medicine hospitals, comprehensive and specialized hospitals tend to incur higher expenses and burden, while township hospitals typically have lower costs.

Comprehensive hospitals typically offer a wide range of medical services and comprehensive scope, these hospitals often possess more medical resources and specialized personnel capable of handling various complex medical conditions. This comprehensive approach may result in higher medical expenses for patients seeking treatment at comprehensive hospitals.

Specialized hospitals, on the other hand, focus on specific types of medical services such as cardiac care and cancer treatment. Physicians and equipment at specialized hospitals are usually tailored to address specific diseases. In some cases, specialized hospitals may offer more cost-effective treatment options. However, for conditions outside their specialty, patients may need to be referred to other hospitals, potentially increasing overall medical costs and burden.

Township hospitals may invest less in medical equipment and human resources, leading to lower unit service costs. Additionally, due to their smaller scale, township hospitals may find it easier to control costs. These hospitals mainly provide basic medical services and may have limited capabilities for treating complex diseases, thus resulting in lower hospitalization costs.



4.2.2 Received distance

The geographical location of medical institutions directly affects patients’ medical expenses and burden. In real-life scenarios, not all patients opt for the nearest healthcare facility. This is because not every medical institution is equipped to handle a wide range of illnesses. Therefore, the distance or time required to reach the closest medical service point must consider the varying capabilities of different healthcare providers (31–33). For patients diagnosed with complex and critical conditions, they may choose to travel to more distant hospitals in pursuit of superior medical care, even though the cost of treating these symptoms is inherently not low.




4.3 Family factor

Older adult individuals with a larger number of family members tend to incur higher hospitalization costs and burden. Firstly, a larger family size may potentially equate to a higher household income, which could enable them to allocate greater financial resources towards hospitalization costs (34). Secondly, larger family sizes may face challenges in coordinating care and making decisions, potentially leading to fragmented or inefficient healthcare utilization, which contribute to increased hospitalization costs (35).



4.4 Personal factors


4.4.1 Education

The impact of education level on hospitalization costs is not conspicuous; however, higher-educated older adult individuals tend to bear lower hospitalization burden. For the older adult population, higher education levels may be linked to better understanding and utilization of health insurance policies and benefits. This can result in more effective utilization of the healthcare system and proper utilization of healthcare resources, ultimately reducing hospitalization rates and burden among older adult individuals with higher education levels (36, 37).



4.4.2 Chronic diseases

Firstly, chronic diseases such as hypertension, malignancy, chronic lung disease, liver disease, and stroke significantly increase hospitalization costs. These conditions typically require long-term, sustained treatment and care, often involving costly medications and medical procedures. For instance, cancer treatment may entail chemotherapy, radiation therapy, targeted therapy, among others (38). Similarly, patients with chronic lung disease and stroke may require interventions such as ventilator support, rehabilitation (39).

However, the impact of liver disease and kidney disease on hospitalization burden may vary. Some studies suggest that liver disease may lead to increased medical costs because patients may utilize more emergency care hospitalization (40). On the other hand, the effect of kidney disease on medical costs may differ in certain circumstances. This could be because after receiving treatments such as dialysis, the condition of patients with kidney disease may be partially controlled, thereby reducing the occurrence of other complications and related medical burden (41).



4.4.3 Personal habits

Smokers tend to have lower hospitalization costs and burden, while individuals who consumed alcohol in the past year tend to have higher burden and lower costs. In general, regular smokers have a longer hospital stay than those who never smoke regularly (42), there will be greater hospitalization costs and burden. However, smokers may reduce their demand for and utilization of medical services due to poorer health conditions. This reduction may be due to barriers or biases in accessing health services among smokers, or because they may lack sufficient financial resources to cover medical expenses or may lack adequate medical insurance coverage. Another study found that smokers are typically associated with lower socioeconomic status (43).

There is a negative correlation or U-shaped relationship between alcohol consumption levels and health service use (44), abstainers, in particular, are more likely to use health care services than low-risk alcohol consumers (45), A 4-year prospective study by Anzai et al. (46) found, Lifelong abstinent alcoholics and alcoholics have higher inpatient health care utilization. A higher proportion of people were likely to be light and moderate drinkers in the sample, as a result, fewer people will take advantage of inpatient services and incur lower costs.



4.4.4 Ethnic

The study by Qiu Yulin and Zhang Zhongchao indicates that the probability of poverty due to illness in ethnic minority areas of Guizhou is significantly higher than in non-ethnic areas. Notably, within non-ethnic regions, the poverty incidence in areas with ethnic minority autonomy is even higher. This suggests that ethnic differences may be associated with economic resources and medical insurance coverage, thereby affecting the burden of hospitalization costs. If older adult individuals from other ethnic groups have lower medical insurance coverage rates or smaller insurance reimbursement ratios, they may have to bear a greater burden of inpatient medical expenses (47).




4.5 Geographic factors


4.5.1 Residency

Research indicates that hospitalization costs for urban residents are generally higher than those for rural residents, possibly due to higher medical service costs and more advanced medical technologies in urban areas. Urban older adult individuals are more likely to receive regular health check-ups (48), which facilitate early detection of chronic diseases. The prevalence of chronic diseases is higher among urban older adult individuals compared to rural counterparts (49, 50). However, the hospitalization burden for urban residents is relatively lower, possibly attributed to the greater benefits in health insurance coverage in urban areas (51).



4.5.2 Region

Compared to the eastern region, the central and western regions of China tend to have lower hospitalization costs and burden. Firstly, the eastern region of China is characterized by its abundant medical resources, which include a higher concentration of top-tier hospitals, state-of-the-art medical equipment, and a more extensive network of medical professionals. This abundance may lead to more costly medical treatments in the area, consequently driving up hospitalization costs. In contrast, the central and western regions face a scarcity of medical resources, which could result in more affordable medical expenses (52, 53). Secondly, income plays a significant role in the hospitalizational costs and the financial burden of hospitalizations for the older adult (54). The eastern region, with its higher economic development, provides residents with higher income levels. This increased financial capacity may enable residents to bear higher medical expenses, further contributing to the elevated hospitalization costs in the region. On the other hand, the central and western regions, where economic development is relatively lower, may see residents opting for more cost-effective medical services due to their limited ability to pay. This could lead to a reduction in hospitalization costs in these areas.





5 Conclusion

This study utilizes data from the China Health and Retirement Longitudinal Study (CHARLS) spanning from 2011 to 2018 to investigate the costs and burden of hospitalization for the older adult in China from a micro-perspective. It also explores the factors that may influence these costs and burden. Empirical findings reveal that the average out-of-pocket expenditure for hospitalization among Chinese older adult in 2018 was $1,199.24, with a burden ratio of 0.5. Several factors were identified to significantly increase the out-of-pocket hospitalization costs, including urban, hypertension, malignancy, chronic lung disease, liver disease, and stroke as prevalent chronic conditions, family size, general hospital, specialized hospital, received distance, and absence of pension. Conversely, certain factors were found to significantly reduce the hospitalization costs for the older adult, including residence in central and western regions; utilization of township and other hospitals; and a history of smoking or drinking. In terms of the burden of hospitalization for the older adult, conditions such as liver disease, family size, ethnic minorities, health service facility other than township hospitals, received distance, a history of alcohol consumption within the past year, and lack of a pension were significant contributors to increased burden. On the other hand, factors such as urban, basic health insurance and other health insurance, level of education, kidney disease, central and western regions, township hospitals, and a history of smoking were found to significantly alleviate the burden of hospitalization for the older adult. This research provides valuable insights into the financial implications of hospitalization for China’s aging population and highlights the need for targeted policies to mitigate the economic burden on this vulnerable group.

In view of the above situation, we recommend the following targeted strategies: Continue to expand medical insurance coverage to ensure more equitable access to healthcare services. Actively promote commercial insurance options that can complement basic health insurance, providing additional financial protection against high medical costs. Strengthen primary medical services to reduce the burden on higher-level hospitals, thereby potentially lowering the overall cost of hospitalization. Implement policies that promote equity in health resources and work to reduce regional disparities in healthcare availability and quality. Introduce targeted interventions for vulnerable groups, such as medical cost subsidies, special insurance schemes, and financial assistance programs, to alleviate the financial stress associated with hospitalization. Acknowledge and address ethnic differences in healthcare by providing language translation services and culturally tailored health education materials to ensure inclusive and effective healthcare communication.

This study acknowledges certain limitations in its design and scope. Firstly, the analysis was based solely on data from the 2018 China Health and Retirement Longitudinal Study (CHARLS), which restricts the ability to conduct a comparative analysis of the hospitalization hospitalizational costs and burden for the older adult across different years, thereby precluding the observation of trends and changes over time. Secondly, the hospitalization cost data collected in the 2018 CHARLS survey encompassed only the expenses paid to the hospital itself, excluding additional costs such as the wages of accompanying caregivers, transportation fees for the patient or family members, and accommodation expenses. However, it did include the cost of hospital room charges. As a result, this study was unable to analyze non-medical expenses associated with hospitalization. Furthermore, the cost data only distinguished between hospitalizational costs and did not break down into specific categories such as material fees, medication costs, and room charges, which limits the detailed analysis of the composition of hospitalization costs. Lastly, this research is retrospective in nature and does not incorporate any predictive modeling or forecasting. The findings are based on the exam ethnic of past data without projection into future trends or outcomes.

These limitations should be taken into account when interpreting the results of this study and when considering its implications for policy and practice. Future research efforts may address these gaps by incorporating multi-year data, a more comprehensive range of hospitalization costs, and potentially predictive analytics to provide a more robust understanding of the financial burden faced by the older adult during hospitalization.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by Biomedical Ethics Review Committee of Peking University. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

SH: Writing – original draft, Writing – review & editing. YB: Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

We would like to acknowledge the China Health and Retirement Longitudinal Study team.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1418179/full#supplementary-material



References

 1. WH, K Kinsella
. U.S. Census Bureau, International Population Reports, P95/09-1, An Aging World: 2008, U.S. Government Printing Office, Washington, DC, (2009).


 2. Mondal, B, and Dubey, JD. Gender discrimination in health-care expenditure: an analysis across the age-groups with special focus on the elderly. Soc Sci Med. (2020) 258:113089. doi: 10.1016/j.socscimed.2020.113089 

 3. Gaskin, DJ, and Hoffman, C. Racial and ethnic differences in preventable hospitalizations across 10 states. Med Care Res Rev. (2000) 57:85–107. doi: 10.1177/1077558700057001s05


 4. Iwashyna, TJ, Curlin, FA, and Christakis, NA. Racial, ethnic, and affluence differences in elderly patients' use of teaching hospitals. J Gen Intern Med. (2002) 17:696–703. doi: 10.1046/j.1525-1497.2002.01155.x 

 5. Glinskaya, EE, and Feng, Z. Options for aged Care in China: Building an efficient and sustainable aged care system (English). Washington, D.C: World Bank Group (2018).


 6. China National Health Accounts Report 2018
. China National Health Accounts Report 2018. Beijing: China National Health Development Research Center (2019).


 7. Yip, W, Fu, H, Chen, AT, Zhai, T, Jian, W, Xu, R , et al. 10 years of health-care reform in China: progress and gaps in universal health coverage. Lancet. (2019) 394:1192–204. doi: 10.1016/s0140-6736(19)32136-1


 8. de Meijer, C, Wouterse, B, Polder, J, and Koopmanschap, M. The effect of population aging on health expenditure growth: a critical review. Eur J Ageing. (2013) 10:353–61. doi: 10.1007/s10433-013-0280-x 

 9. Lopreite, M, and Zhu, Z. The effects of ageing population on health expenditure and economic growth in China: a Bayesian-VAR approach. Soc Sci Med. (2020) 265:113513. doi: 10.1016/j.socscimed.2020.113513 

 10. Li, L, Du, T, and Hu, Y. The effect of population aging on healthcare expenditure from a healthcare demand perspective among different age groups: Evidence from Beijing City in the People's Republic of China. Risk Manag Healthc Policy. (2020) 13:1403–12. doi: 10.2147/rmhp.S271289


 11. OECD
. Health at a Glance 2021 (2021). Available at: https://www.oecd-ilibrary.org/content/publication/ae3016b9-en


 12. Meng, G, Yue, B, Qianhui, S, and Junfeng, C. Population ageing and the diseases economic burden in China. Med Philos. (2015) 36:32–4.


 13. De Foor, J, Senterre, C, Leclercq, P, Martins, D, and Pirson, M. Profile of hospitalised elderly patients in Belgium-analysis of factors affecting hospital costs. J Econ Ageing. (2020) 15:100209. doi: 10.1016/j.jeoa.2019.100209


 14. Zhang, A, Nikoloski, Z, and Mossialos, E. Does health insurance reduce out-of-pocket expenditure? Heterogeneity among China's middle-aged and elderly. Soc Sci Med. (2017) 190:11–9. doi: 10.1016/j.socscimed.2017.08.005 

 15. Wang, L, Wang, A, Zhou, D, FitzGerald, G, Ye, D, and Jiang, Q. An empirical analysis of rural-urban differences in out-of-pocket health expenditures in a low-income Society of China. PLoS One. (2016) 11:e0154563. doi: 10.1371/journal.pone.0154563 

 16. Banerjee, S
. Determinants of rural-urban differential in healthcare utilization among the elderly population in India. BMC Public Health. (2021) 21:939. doi: 10.1186/s12889-021-10773-1 

 17. Ziyi, Y, Jing, O, and Xiaoling, L. Hospitalization cost influencing factors analysis of elderly inpatients participating new rural cooperative medical system in Xinjiang urban-rural fringe from 2012 to 2015. Chin Med Rec. (2017) 18:78–81. doi: 10.3969/j.issn.1672-2566.2017.03.028


 18. Tang, XW, Xie, XX, Rao, ZX, Zheng, ZQ, Hu, CC, Li, SS , et al. Spatial analysis and comparison of the economic burden of common diseases: an investigation of 5.7 million rural elderly inpatients in Southeast China, 2010-2016. Front Public Health. (2021) 9:774342. doi: 10.3389/fpubh.2021.774342


 19. Yanghe, L, Yuewei, L, Peng, Z, Tianjing, H, Guo, L, Hongping, C , et al. Analysis on medical expense of the elderly with chronic diseases in a Hospital in Haikou City. Med Soc. (2015) 28:13–5. doi: 10.13723/j.yxysh.2015.09.005


 20. Yueqi, WB
. An empirical study on the impact of population aging on medical expenses[in Chinese]. Money China. (2019) 5:159–62. doi: 10.16266/j.cnki.cn11-4098/f.2019.03.115


 21. Liu, Q, Liu, J, and Sui, S. Public medical insurance and healthcare utilization and expenditures of older with chronic diseases in rural China: evidence from NRCMS. Int J Environ Res Public Health. (2020) 17:683. doi: 10.3390/ijerph17207683 

 22. Chen, J, Qian, Z, Yang, L, Liu, T, Sun, M, Yu, H , et al. The risk factors for Chinese medical economic burden of aging: a cross-sectional study based on Guangdong Province. Biomed Res Int. (2021) 2021:6680441. doi: 10.1155/2021/6680441 

 23. Chen, J, Zhao, M, Zhou, R, Ou, W, and Yao, P. How heavy is the medical expense burden among the older adults and what are the contributing factors? A literature review and problem-based analysis. Front Public Health. (2023) 11:1165381. doi: 10.3389/fpubh.2023.1165381 

 24. Zhao, Y, Hu, Y, Smith, JP, Strauss, J, and Yang, G. Cohort profile: the China health and retirement longitudinal study (CHARLS). Int J Epidemiol. (2014) 43:61–8. doi: 10.1093/ije/dys203 

 25. Rongfei, X, Shuo, L, Lingzhong, X, Xiaolong, Y, and Shanke, YL. Analyzing the characteristics of outpatient and hospitalized service utilization in different provinces in China in 2010. Chin Health Serv Manag. (2012) 29:4. doi: 10.3969/j.issn.1004-4663.2012.11.003


 26. Wisdom, N, Aibing, Q, and Chuning, G. Spatial distribution and influencing factors of per capita hospitalization expenses in China. J Nanjing Med Univ. (2022) 22:6. doi: 10.7655/nydxbss20220213


 27. O'Brien, RM
. A caution regarding rules of thumb for variance inflation factors. Qual Quant. (2007) 41:673–90. doi: 10.1007/s11135-006-9018-6


 28. Xin-dong, X, and Xiao-jing, J. A review on the effects of health insurance on health status. Chin J Health Policy. (2015) 8:41–5. doi: 10.3969/j.issn.1674-2982.2015.02.007


 29. Feng, H, and Li, G. Excess demand or appropriate demand? Health Insurance,Medical care and mortality of the elderly in urban China. Econ Res J. (2010) 45:105–19.


 30. Xu, S, and Fu-Ling, C. The impact of the public pension program on the elderly’s medical expenditures: a regression discontinuity approach. J Appl Econ. (2022) 25:178–96. doi: 10.1080/15140326.2021.2021748


 31. Guagliardo, MF
. Spatial accessibility of primary care: concepts, methods and challenges. Int J Health Geogr. (2004) 3:3. doi: 10.1186/1476-072x-3-3 

 32. Kaufman, BG, Thomas, SR, Randolph, RK, Perry, JR, Thompson, KW, Holmes, GM , et al. The rising rate of rural hospital closures. J Rural Health. (2016) 32:35–43. doi: 10.1111/jrh.12128 

 33. Mohr, NM, Harland, KK, Shane, DM, Ahmed, A, Fuller, BM, Ward, MM , et al. Rural patients with severe Sepsis or septic shock who bypass rural hospitals have increased mortality: an instrumental variables approach*. Crit Care Med. (2017) 45:85–93. doi: 10.1097/ccm.0000000000002026 

 34. Ellis, RP, Fiebig, DG, Johar, M, Jones, G, and Savage, E. Explaining health care expenditure variation: large-sample evidence using linked survey and health administrative data. Health Econ. (2013) 22:1093–110. doi: 10.1002/hec.2916 

 35. Ning-Ning, MA, and Yong, LI. Empirical analysis of influence factors on aged Population's health expenditures in China. Chin J Drug Eval. (2016). 33:188–192. doi: 10.3969/j.issn.2095-3593.2016.03.017


 36. Baker, DW, Gazmararian, JA, Williams, MV, Scott, T, Parker, RM, Green, D , et al. Functional health literacy and the risk of hospital admission among Medicare managed care enrollees. Am J Public Health. (2002) 92:1278–83. doi: 10.2105/ajph.92.8.1278


 37. Smith, KV, and Goldman, N. Socioeconomic differences in health among older adults in Mexico. Soc Sci Med. (2007) 65:1372–85. doi: 10.1016/j.socscimed.2007.05.023 

 38. Kaur, R, Bhardwaj, A, and Gupta, S. Cancer treatment therapies: traditional to modern approaches to combat cancers. Mol Biol Rep. (2023) 50:9663–76. doi: 10.1007/s11033-023-08809-3 

 39. Kasuya, Y, Hargett, JL, Lenhardt, R, Heine, MF, Doufas, AG, Remmel, KS , et al. Ventilator-associated pneumonia in critically ill stroke patients: frequency, risk factors, and outcomes. J Crit Care. (2011) 26:273–9. doi: 10.1016/j.jcrc.2010.09.006 

 40. Ma, C, Qian, AS, Nguyen, NH, Stukalin, I, Congly, SE, Shaheen, AA , et al. Trends in the economic burden of chronic liver diseases and cirrhosis in the United States: 1996-2016. Am J Gastroenterol. (2021) 116:2060–7. doi: 10.14309/ajg.0000000000001292 

 41. Evans, M, Lewis, RD, Morgan, AR, Whyte, MB, Hanif, W, Bain, SC , et al. A narrative review of chronic kidney disease in clinical practice: current challenges and future perspectives. Adv Ther. (2022) 39:33–43. doi: 10.1007/s12325-021-01927-z 

 42. Chan, KH, Wright, N, Xiao, D, Guo, Y, Chen, Y, Du, H , et al. Tobacco smoking and risks of more than 470 diseases in China: a prospective cohort study. Lancet Public Health. (2022) 7:e1014–26. doi: 10.1016/S2468-2667(22)00227-4


 43. Giskes, K, Kunst, AE, Benach, J, Borrell, C, Costa, G, Dahl, E , et al. Trends in smoking behaviour between 1985 and 2000 in nine European countries by education. J Epidemiol Community Health. (2005) 59:395–401. doi: 10.1136/jech.2004.025684 

 44. Kunz, JL
. Alcohol use and reported visits to health professionals: an exploratory study. J Stud Alcohol. (1997) 58:474–9. doi: 10.15288/jsa.1997.58.474 

 45. Baumeister, SE, Meyer, C, Carreon, D, Freyer, J, Rumpf, HJ, Hapke, U , et al. Alcohol consumption and health-services utilization in Germany. J Stud Alcohol. (2006) 67:429–35. doi: 10.15288/jsa.2006.67.429


 46. Anzai, Y, Kuriyama, S, Nishino, Y, Takahashi, K, Ohkubo, T, Ohmori, K , et al. Impact of alcohol consumption upon medical care utilization and costs in men: 4-year observation of National Health Insurance beneficiaries in Japan. Addiction. (2005) 100:19–27. doi: 10.1111/j.1360-0443.2004.00874.x 

 47. Chou, Y, and Zhang, Z. Research on anti-poverty alleviation in medical protection in minority ethnic areas of Guizhou[in Chinese]. J Chin Acad Gov. (2016) 3:7. doi: 10.14063/j.cnki.1008-9314.2016.03.012


 48. Zhao, D, Zhou, Z, Shen, C, Zhai, X, Zhao, Y, Cao, D , et al. The effect of health check-ups on health among the elderly in China: evidence from 2011-2018 longitudinal data. Int J Public Health. (2022) 67:1604597. doi: 10.3389/ijph.2022.1604597 

 49. Jana, A, and Chattopadhyay, A. Prevalence and potential determinants of chronic disease among elderly in India: rural-urban perspectives. PLoS One. (2022) 17:e0264937. doi: 10.1371/journal.pone.0264937 

 50. Su, B, Li, D, Xie, J, Wang, Y, Wu, X, Li, J , et al. Chronic disease in China: geographic and socioeconomic determinants among persons aged 60 and older. J Am Med Dir Assoc. (2023) 24:206–12.e5. doi: 10.1016/j.jamda.2022.10.002 

 51. Meng, Q, Fang, H, Liu, X, Yuan, B, and Xu, J. Consolidating the social health insurance schemes in China: towards an equitable and efficient health system. Lancet. (2015) 386:1484–92. doi: 10.1016/S0140-6736(15)00342-6


 52. Yuan, L, Cao, J, Wang, D, Yu, D, Liu, G, and Qian, Z. Regional disparities and influencing factors of high quality medical resources distribution in China. Int J Equity Health. (2023) 22:8. doi: 10.1186/s12939-023-01825-6 

 53. Shi, B, Fu, Y, Bai, X, Zhang, X, Zheng, J, Wang, Y , et al. Spatial pattern and spatial heterogeneity of Chinese elite hospitals: a country-level analysis. Front Public Health. (2021) 9:710810. doi: 10.3389/fpubh.2021.710810 

 54. Wang, L, and Chen, Y. Determinants of China's health expenditure growth: based on Baumol's cost disease theory. Int J Equity Health. (2021) 20:213. doi: 10.1186/s12939-021-01550-y 


Copyright
 © 2024 He and Bian. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.







 


	
	
ORIGINAL RESEARCH
published: 27 August 2024
doi: 10.3389/fpubh.2024.1369568








[image: image2]

Equity and efficiency of health resource allocation in the Chengdu–Chongqing Economic Circle of China

Tianqi Wang1†, Ting Zhou1†, Leming Zhou2, Yunfei He3, Jian Wang4, Yonghong Wang5 and Li Huang3*


1School of Public Health, Chongqing Medical University, Chongqing, China

2College of Computer Science and Technology, Chongqing University of Posts and Telecommunications, Chongqing, China

3Department of Personnel, The First Affiliated Hospital of Chongqing Medical University, Chongqing, China

4Department of Pathophysiology, Chongqing Medical University, Chongqing, China

5Department of Clinical Laboratory, Chongqing Qianjiang Central Hospital, Chongqing, China

Edited by
 Ali Sheidaei, Tehran University of Medical Sciences, Iran

Reviewed by
 Kimiya Gohari, Tarbiat Modares University, Iran
 Gui Jin, China University of Geosciences Wuhan, China

*Correspondence
 Li Huang, lh2015@sina.com 

†These authors have contributed equally to this work and share first authorship

Received 17 January 2024
 Accepted 29 July 2024
 Published 27 August 2024

Citation
 Wang T, Zhou T, Zhou L, He Y, Wang J, Wang Y and Huang L (2024) Equity and efficiency of health resource allocation in the Chengdu–Chongqing Economic Circle of China. Front. Public Health 12:1369568. doi: 10.3389/fpubh.2024.1369568
 

Objective: This study aimed to evaluate the fairness and efficiency of health resource allocation (HRAE) in Chengdu-Chongqing Economic Circle after the new healthcare reform. This study also aimed to identify existing problems, providing empirical evidence for the government to formulate regional health plans scientifically and reasonably.

Methods: The fairness of health resource allocation was analyzed using the Gini coefficient, Theil index, and agglomeration degree from population and geographical area perspectives. The three-stage data envelopment analysis and the Malmquist productivity index were used to analyze HRAE from static and dynamic perspectives.

Results: The Gini coefficient for population allocation in Chengdu-Chongqing Economic Circle was 0.066–0.283, and the Gini coefficient for geographical area allocation was 0.297–0.469. The contribution rate within a region was greater than that between regions, and health resources were mainly concentrated in economically developed core areas. The overall fairness of Chengdu Economic Circle was relatively better than that of Chongqing Economic Circle. Moreover, the adjusted mean technical efficiency was 0.806, indicating room for HRAE improvement in Chengdu-Chongqing Economic Circle. Stochastic Frontier Analysis found that different environmental variables have varying degrees of impact on HRAE. The adjusted mean total factor productivity change (Tfpch) was 1.027, indicating an overall upward trend in HRAE since the new healthcare reform. However, scale efficiency change (Sech) (0.997) limited the improvement of Tfpch.

Conclusion: The fairness of health resources allocated by population was better than that allocated by geographical area. The unfairness of health resources mainly stemmed from intra-regional differences, with considerable health resources concentrated in core areas. Over the past 13 years, HRAE has improved but exhibited spatial heterogeneity and Sech-hindered productivity improvement. The study recommends strengthening regional cooperation and sharing to promote the integrated and high-quality development of the health and well-being in Chengdu–Chongqing Economic Circle.

Keywords
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1 Introduction

The rapid growth of the global economy and society has brought about tremendous challenges. These include an aging population, the transformation of diseases, and an increase in chronic disease patients (1). China initiated a critical and demanding healthcare reform in 2009 to tackle these challenges and fulfill the public’s evolving health needs (2, 3). This reform recognizes the imbalanced development of regional medical and health undertakings and unreasonable resource allocation in the medical and health field (4). It proposes to strengthen regional health planning and encourage co-construction and sharing, pointing out the development direction for optimizing the allocation of regional health resources.

The Chengdu-Chongqing Economic Circle is located at the intersection of the Belt and Road and the Yangtze River Economic Belt. Since China’s 11th Five-Year Plan (5), the development of the Chengdu-Chongqing Economic Circle has been at the core of the national development strategy, making a significant contribution to the country’s overall progress. The Chengdu-Chongqing Economic Circle Development Plan Outline (Planning Outline), released in 2021, particularly emphasizes the optimization of medical resource allocation. The Chengdu-Chongqing Economic Circle is not only the most densely populated area in Western China (6), but also faces the challenge of an aging population. The demand for medical and health services among residents is rapidly increasing in a diversified and multi-level manner. With support from national policies, it has achieved specific results in allocating health resources, which continue to grow. For example, it has established an alliance for the development of Traditional Chinese Medicine, accelerated the construction of national regional medical center projects, and built a cancer prevention and control community. However, the vast geographical area and complex mountainous terrain have to some extent limited the effective flow of health resources (7). Faced with these challenges, the Chengdu-Chongqing Economic Circle still has many issues in the balance of supply and demand of health resources, including the imbalance of resource allocation and insufficient allocation efficiency. Therefore, the rational allocation of limited medical and health resources has become particularly critical in promoting the development of the Chengdu-Chongqing Economic Circle. An efficient health resource allocation system not only forms the cornerstone of regional development but also provides a solid medical guarantee for attracting and retaining key personnel. Improving the equity, accessibility, and utilization rate of health resources (8) is the core goal pursued by health decision-makers and health systems (9, 10). This is conducive to achieving a balance of supply and demand for medical services, jointly building and sharing basic public health services, meeting people’s needs for medical resources, improving public health literacy, promoting the comprehensive development of the Chengdu-Chongqing Economic Circle, and advancing the construction of a healthy China (11). Through scientific planning and precise investment, the allocation of medical and health resources in the Chengdu-Chongqing Economic Circle will be further improved, providing strong support for the region’s sustained prosperity and the health and well-being of the people.

Previous research on health resource allocation has mainly focused on the national level or particular provinces or cities, and the research content is limited to a single aspect of fairness or efficiency. Liu et al. (12) analyzed the trends and equity of health resource allocation in primary-level medical and health institutions in China during the 13th Five-Year Plan period, finding that equity in health resource allocation in primary-level medical institutions in the eastern, central, and western regions of China has been continuously improving, but there are still differences. Wang et al. (13) used the Lorenz curve, Gini coefficient, and Theil index to evaluate the equity of health resource allocation in China by population and geography in 2019, discovering that the equity of health resources allocated by geographical area was much lower than that allocated by population, and that internal inequity within various regions is the main factor affecting the equity of health resource allocation in China. Fan et al. (14) against the backdrop of the construction of a tiered diagnostic and treatment system, evaluated the efficiency of health service resource allocation in Shandong Province, using the DEA-TOPSIS method for static analysis of health service resource allocation efficiency, and the DEA-Malmquist model for dynamic analysis. From 2012 to 2022, the average Malmquist Index in Shandong Province was 0.970, the average technical efficiency change index was 1.012, and the average technological progress index was 0.958, indicating that the decline in the Malmquist Index was mainly influenced by the technological progress index.

Only a few existing studies take regions as research subjects and combine equity and efficiency for comprehensive analysis. For instance, Zang et al. (15) conducted a study on the equity and efficiency of health resource allocation in the Yangtze River Delta region, using the Gini coefficient and Theil index to evaluate the equity of health resource allocation and a three-stage DEA model to assess efficiency. They found that the equity of health resource allocation by population in the Yangtze River Delta was better than by geography, with Shanghai’s geographical allocation being in an unfair state. The overall efficiency of health resource allocation in the region is relatively high, but there are inter-regional differences. Wen et al. (16) analyzed the equity and efficiency of health resource allocation among the city clusters in the Guangdong-Hong Kong-Macao Greater Bay Area and found that from 2010 to 2020, the level of inequity in health resource allocation in the city clusters of the Greater Bay Area continued to improve, although there were regional differences in allocation efficiency, with technological regression being the main reason for the decline in total factor productivity. Zhou et al. (17) used the entropy weight TOPSIS method and the rank-sum ratio method to conduct a comprehensive evaluation of health resource allocation in the Chengdu-Chongqing Economic Circle. They discovered that there were significant regional differences in health resource allocation within the circle, with the Sichuan area showing a more balanced allocation and the Chongqing area showing a more polarized allocation. However, the study did not conduct an in-depth analysis of the equity and efficiency of health resource allocation, and the robustness of the research findings, as well as the causes of the health resource allocation issues, require further exploration.

This study takes the Chengdu–Chongqing Economic Circle as the research object and comprehensively analyzes the fairness and efficiency of health resource allocation in Chengdu–Chongqing Economic Circle from 2009 to 2021. A series of research methods such as Gini coefficient, Theil index, and agglomeration degree are used to evaluate the fairness of health resource allocation from the perspectives of population and geography. This study also employs the three-stage data envelopment analysis (three-stage DEA) model and Malmquist productivity index (MPI) to evaluate the HRAE from static and dynamic perspectives. Additionally, the factors affecting HRAE are analyzed. Our research aims to provide scientific reference for promoting high-quality and balanced development of medical services in Chengdu–Chongqing Economic Circle.



2 Methods


2.1 Data sources and regional distribution

This study utilized panel data from 44 districts in Chengdu-Chongqing Economic Circle from 2009 to 2021 for empirical analysis. The data originates from the healthcare reform in 2009 and continues until the beginning year of the 14th Five-Year Plan. This duration was a critical period for promoting the construction of a healthy China and advancing medical and health system reform, including the Chengdu-Chongqing Economic Circle in the National Five-Year Plan, underscoring the importance of promoting coordinated development of Chengdu-Chongqing Economic Circle at the national level. The data sources for this study include the Sichuan Health Statistical Yearbook, Sichuan Statistical Yearbook, Chongqing Health Statistical Yearbook, and Chongqing Statistical Yearbook, and selected statistical yearbooks from various districts and counties in Chongqing.

This article referred to the distribution range of Chengdu-Chongqing Economic Circle proposed in the Planning Outline. And taking into account the availability of indicator data and the accuracy of research results, the study area is divided into 2 regions and 44 districts. One was that Chengdu Economic Circle included 15 prefecture-level cities such as Chengdu, Zigong, Mianyang, Suining, Luzhou, Deyang, Nanchong, Meishan, Neijiang, Leshan, Guang’an, Yibin, Ya’an, Dazhou, and Ziyang. Another was Chongqing Economic Circle, which consisted of 29 districts and counties including Wanzhou, Fuling, Yuzhong, Shapingba, Jiulongpo, Dadukou, Jiangbei, Changshou, Jiangjin, Nan’an, Beibei, Yubei, Qijiang, Dazu, Qianjiang, Ba’nan, Hechuan, Yongchuan, Nanchuan, Bishan, Tongliang, Tongnan, Rongchang, Liangping, Fengdu, Zhongxian, Dianjiang, Kaizhou, and Yunyang. The districts of Ya’an, Dazhou, Mianyang, Yunyang, and Kaizhou constituted the entire region. ArcGIS 10.8 software was used to create a regional distribution map of Chengdu-Chongqing Economic Circle (Figure 1).
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FIGURE 1
 Regional distribution range of Chengdu–Chongqing Economic Circle.




2.2 Measuring tools


2.2.1 Gini coefficients

The Gini coefficient is commonly used to evaluate the fairness of health resource allocation. Internationally, the Gini coefficient is conventionally defined between 0 and 1, and different values of Gini coefficient represent varying degrees of fairness: G < 0.2 represents absolute fairness, 0.2 < G < 0.3 represents comparative fairness, 0.3 < G < 0.4 signifies relative rationality, 0.4 is the warning line for judging whether health resource allocation is fair, 0.4 < G < 0.5 indicates relative unfairness, and G > 0.5 signifies serious unfairness (18). The Gini coefficient calculation formula (Equation 1) is as follows:

[image: image]

where G represents the Gini coefficient value, Xi is the cumulative percentage of population or geographical area of the ith district in Chengdu-Chongqing Economic Circle, and Yi is the cumulative percentage of health resources (5 indicators to measure equity) of the ith district in Chengdu-Chongqing Economic Circle. k represents the total number of districts in Chengdu-Chongqing Economic Circle.



2.2.2 Theil index

Compared to the Gini coefficient, one advantage of the Theil index is that it can analyze the sources of overall inequity. Like the Gini coefficient, the Theil index ranges from 0 to 1, and the lower the value, the better the equity of health resource allocation (19). The formula (Equation 2) for calculating the Theil index is as follows:

[image: image]

where T signifies the Theil index value, and Pi indicates the proportion of population of the ith district in Chengdu-Chongqing Economic Circle. Di represents the proportion of health resources in the ith district of the Chengdu-Chongqing Economic Circle, and k denotes the total number of districts in Chengdu-Chongqing Economic Circle. The Theil index (Equation 3) can be further decomposed into intra-regional (Equation 5) Theil and inter-regional Theil (Equation 4) (18, 20), with the following decomposition formula:
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where Tinter signifies the differences in health resources between the two regions of the Chengdu-Chongqing Economic Circle (Chengdu Economic Circle and Chongqing Economic Circle), whereas Tintra represents the differences in health resources within the two regions of the Chengdu-Chongqing Economic Circle. Pj is the proportion of population in the jth region, and Dj is the proportion of health resources in the jth region. Tj shows the Theil index of the two regions, and n shows the number of regions.



2.2.3 Health resource agglomeration degree

The health resource agglomeration degree (HRAD) is a new indicator proposed by scholars like Suwei Y to evaluate the equity of health resource allocation. It can comprehensively reflect the influence of population and geographical factors on the fairness of health resource allocation. The agglomeration degree of health resources refers to the proportion of health resources concentrated in a certain area that accounts for 1% of the geographical area of the upper-level region (21, 22). The calculation formula (Equation 6) for the agglomeration degree of health resources is as follows:

[image: image]

Population agglomeration (PAD) refers to the proportion of population aggregated in a certain area, which occupies 1% of the geographical area of the upper-level region. The calculation formula (Equation 7) for population agglomeration is as follows:

[image: image]

where HRADj indicates the concentration of health resources in the jth district, HRj signifies the number of health resources in the jth district, and HRk denotes the number of health resources in the upper-level region. Aj represents the geographical area of the jth district, and Ak signifies the geographical area of the upper-level region. PADj shows the population concentration of the jth district, Pj signifies the population number of the jth district, and Pk shows the population number of the upper-level region.

We usually use HRADj/PADj to evaluate the fairness of population allocation, where HRADj/PADj = 1 shows absolute fairness in health resources allocated by population in the district, HRADj/PADj > 1 indicates that an excess of health resources relative to the population in the district, and HRADj/PADj < 1 signifies that the health resources in the district are relatively insufficient compared to the population. Similarly, HRADj = 1 indicates absolute equity in the allocation of health resources in the district based on geographical area, HRADj > 1 shows an excess of health resources allocated by geographical area in the district, and HRADj < 1 signifies that a shortage of health resources allocated by geographical area in the district.



2.2.4 Three-stage DEA model

Fried proposed the three-stage DEA model in 2002, aiming to eliminate the impact of environmental variables and random disturbances on efficiency. In this paper, the three-stage DEA model was used to analyze the HRAE of the Chengdu-Chongqing Economic Circle. The model comprised of three stages, and the calculation steps are as follows:

In the first stage, DEAP 2.1 software was employed to calculate each district’s efficiency values and slack variables in Chengdu-Chongqing Economic Circle through a BCC model with variable returns to scale. The technical efficiency (TE) can be decomposed into scale efficiency (SE) and pure technical efficiency (PTE), and TE equals the product of SE and PTE (TE = SE × PTE) (23). TE = 1 suggests that the district is in a DEA valid state, TE < 1, and SE or PTE = 1 signifies that the district is in a weak DEA efficient state, and other situations indicate that the district is in a DEA invalid state (24).

In the second stage, Frontier 4.1 software was used, with six environmental variables as independent variables and the slack values of four input indicators as dependent variables, Equation (8) for Stochastic Frontier Analysis (SFA) model can be written as:

[image: image]

In the above formula, Smk represents the slack value of the kth district in the mth input indicator, and f (Zk; βm) indicates the impact of environmental factors on Smk. vmk shows random perturbation, μmk represents management inefficiency, and the sum of the two is a mixed error term. Equation (9) for calculating the adjusted investment indicators is as follows:
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where [image: image] and [image: image] are the input indicators before and after adjustment, respectively (25). [image: image] signifies placing the 44 districts under the same external environment, and [image: image] represents placing the 44 districts under the same random error.

In the third stage, the DEAP 2.1 software was used to calculate the adjusted efficiency values of various districts in Chengdu-Chongqing Economic Circle through the BCC model, reflecting the true situation of HRAE in Chengdu-Chongqing Economic Circle.



2.2.5 Malmquist productivity index(MPI)

The MPI can dynamically evaluate the efficiency changes of decision-making units over many years. The total factor productivity change (Tfpch) can be decomposed into changes in technical efficiency (Effch) and technological progress (Techch), and Effch can be further decomposed into pure technical efficiency change (Pech) and scale efficiency change (Sech) (26). This article used DEAP 2.1 software to calculate the Tfpch value of the Chengdu-Chongqing Economic Circle in the past 13 years. The specific calculation formula (Equations 10–13) is as follows:
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In the above formula, (xt, yt) and (xt + 1, yt + 1) represent the input and output indicators for the periods t and t + 1 respectively, while Et and Et + 1 show the distance functions for the periods t and t + 1, respectively. Each efficiency change value = 1 indicates that the efficiency remains unchanged, each efficiency change value >1 suggests an improvement in efficiency, and each efficiency change value <1 shows a decrease in efficiency (27).




2.3 Indicator selection

Based on the principles of representativeness, correlation, and availability selected by DEA indicators. After consulting with experts and reviewing prior research (28–30), in order to fully reflect the allocation of health resources in Chengdu-Chongqing Economic Circle, the number of medical and health institutions (MHI), actual number of beds (AB), number of practicing (assistant) physicians (PAP), and number of registered nurses (RN) were selected as input indicators. And the number of diagnoses and treatments (DT), number of surgeries performed (SP), and number of discharged patients (DP) were selected as output indicators. Considering the impact of environmental factors such as economy, finance, population, education, and society on HRAE, gross domestic product (GDP), health expenditure (HE), number of permanent residents (PR), number of primary and secondary school teachers (FTPS), urbanization rate (UR), and general public budget revenue (GPBR) were selected as environmental variables. A significant difference has been observed between the maximum and minimum values of various indicator data in the past 13 years. Among the input indicators, the standard deviation of AB was the largest at 18,701.15. In the output indicators, DT had the highest standard deviation of 1873.41. Among environmental variables, the FTPS standard deviation was the highest at 17,139.75 (Table 1). MHI, AB, number of health workers (HW), PAP, and RN were selected for fairness analysis.



TABLE 1 Descriptive analysis of input–output and environmental variables.
[image: Table1]




3 Results


3.1 Current situation of health resource allocation in Chengdu–Chongqing Economic Circle

From 2009 to 2021, although the number of MHI decreased in 2016, 2020, and 2021, it showed an overall growth trend. The number of AB, HW, PAP, and RN were increasing each year. The average annual growth rates of MHI, AB, HW, PAP, and RN were 2.24, 7.98, 6.51, 5.65, and 10.79%, respectively. Apart from MHI, there has been an annual increase in AB, HW, PAP, and RN per thousand population and per square kilometer (Table 2).



TABLE 2 Health resource allocation in Chengdu–Chongqing Economic Circle from 2009 to 2021.
[image: Table2]



3.2 The equity of health resource allocation in Chengdu–Chongqing Economic Circle

From 2009 to 2021, according to population allocation, the Gini coefficient of various health resources in Chengdu-Chongqing Economic Circle showed a fluctuating downward trend, indicating that the fairness of health resources has improved after the new medical reform. The evolution trend of the Gini coefficient of HW showed an “inverted V-shape,” reaching its peak in 2017 at 0.239. In contrast, the Gini coefficient of AB displayed a “V-shaped” trend, reaching a trough of 0.066 in 2016. The Gini coefficient of most health resources allocated by population was less than 0.2, suggesting absolute equity. From a regional perspective, the Gini coefficients of various health resources in Chengdu Economic Circle ranged from 0.044 to 0.265. Except for RN, the Gini coefficients of all other health resources were less than 0.2. For Chongqing Economic Circle, the Gini coefficients of various health resources ranged from 0.102 to 0.315. Except for 2009, the Gini coefficients of MHI, AB, and HW were less than 0.2 (Figures 2A–C).
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FIGURE 2
 Gini coefficient of health resource allocation in Chengdu–Chongqing Economic Circle from 2009 to 2021. (A,D) Are the Gini coefficients of health resources in Chengdu-Chongqing Economic Circle allocated by population and geographical area, respectively. (B,E) Are the Gini coefficients of health resources in Chengdu Economic Circle allocated by population and geographical area, respectively. (C,F) Are the Gini coefficients of health resources in Chongqing Economic Circle allocated by population and geographical area, respectively.


When configured by geographical area, the Gini coefficients of AB and RN in Chengdu-Chongqing Economic Circle have shown an overall downward trend in the past 13 years, while the Gini coefficients of MHI, HW, and PAP have shown an overall upward trend. Moreover, the Gini coefficients of most health resources ranged from 0.3 to 0.5, which was between relatively reasonable and relative inequity. From 2009 to 2010, MHI experienced a greater decrease in its Gini coefficient than other health resources, with a decrease of 0.079. The fairness of RN was even worse. From a regional perspective, the Gini coefficients of various health resources in Chengdu Economic Circle did not change much, with MHI, AB, HW, and PAP having Gini coefficients ranging from 0.277 to 0.400, while the Gini coefficients of RN ranged from 0.401 to 0.440. The Gini coefficient values of various health resources in Chongqing Economic Circle ranged from 0.306 to 0.542. Furthermore, the decline in various health resources was larger from 2009 to 2010, but remained relatively stable in other periods (Figures 2D–F).

The Theil index and Gini coefficient of health resource allocation in Chengdu-Chongqing Economic Circle showed a generally consistent evolution trend (31). Further analysis of the sources of unfairness revealed that the main reason for the inequity in health resource allocation in Chengdu-Chongqing Economic Circle was intra-regional differences. From 2009 to 2021, the contribution rates of AB, HW, PAP, and RN within the region were greater than those between regions, and the intra-regional contribution rates exceeded 94%. Except for the relatively small intra-regional contribution rate of MHI in 2009, the intra-regional contribution rate of MHI in all other years was greater than the inter-regional contribution rate (Table 3).



TABLE 3 Theil index of health resource allocation in Chengdu-Chongqing Economic Circle.
[image: Table3]

We further decomposed the intra-regional differences. From 2009 to 2021, the contribution rate of differences in MHI allocation in Chengdu Economic Circle showed an upward trend, whereas the contribution rate of differences in the allocation of other health resources showed an overall downward trend. The Chongqing Economic Circle was the opposite. Before 2018, the internal differences in Chongqing Economic Circle contributed more to the differences in MHI allocation. However, the internal differences in Chengdu Economic Circle have contributed more to the differences in MHI allocation since 2018. The internal differential contribution rates of AB, HW, PAP, and RN allocation in Chongqing Economic Circle were greater than 71, 72, 67, and 62% respectively, indicating that the inequity of AB, HW, PAP, and RN mainly comes from Chongqing Economic Circle (Table 4).



TABLE 4 Proportion of disparities in contribution between Chengdu Economic Circle and Chongqing Economic Circle.
[image: Table4]

The agglomeration degree of various health resources in Chengdu-Chongqing Economic Circle from 2009 to 2021 exceeded 2.140. This result denotes that the fairness of health resource allocation based on geographical area is relatively high. The agglomeration degree of RN was the highest, while MHI’s was the lowest but greater than 1, which indicates that RN is more concentrated compared to other health resources. From a regional perspective, the HRAD of Chengdu Economic Circle exceeded 2.360, higher than the average level, showing a relative surplus of health resources. The HRAD in Chongqing Economic Circle exceeded 1.300, indicating a relative concentration of health resources (Figures 3A–C).
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FIGURE 3
 Agglomeration degree in Chengdu-Chongqing Economic Circle from 2009 to 2021. (A–C) represent the HRAD and PAD in Chengdu-Chongqing Economic Circle, Chengdu Economic Circle, and Chongqing Economic Circle, respectively. (D–F) Represent the ratios of HRAD to PAD in Chengdu-Chongqing Economic Circle, Chengdu Economic Circle, and Chongqing Economic Circle, respectively. (G–J) represent the agglomeration degree of MHI, AB, PAP, and RN in various districts of Chengdu-Chongqing Economic Circle.


The agglomeration ratios of various health resources in Chengdu-Chongqing Economic Circle were relatively stable, with the ratios of AB, HW, PAP, and RN basically greater than 1, while the ratios of MHI were all less than 1. The results suggest that apart from MHI, most health resources are allocated fairly by population. The trend of changes in the ratio of various health resources in Chengdu Economic Circle was the same as that in Chengdu-Chongqing Economic Circle, whereas the overall ratios of various health resources in Chongqing Economic Circle exhibited a downward trend. The ratio of MHI of Chongqing Economic Circle decreased from 1.034 in 2009 to 0.968 in 2021, and the ratio of AB fluctuated around 1, while the ratios of other health resources were all greater than 1. This suggests that the health human resources in Chongqing Economic Circle are sufficient relative to the population (Figures 3D–F).

Looking at different districts, in terms of MHI, the agglomeration degree of most districts (63.64%) was below 1.224. The agglomeration degree of 10 districts including Chengdu and Tongliang ranged from 1.224 to 1.933. The agglomeration degree of six main urban districts in Chongqing Economic Circle, including Yuzhong and Dadukou, was greater than 3, with Yuzhong reaching a high of 42.825. Regarding AB, the agglomeration degree in most districts (61.36%) was below 1.133. The agglomeration degree of eight districts including Chengdu and Shapingba was greater than 2.142, especially in Yuzhong, which was as high as 188.722. Regarding human resources, the agglomeration degree of PAP and RN in over half of the districts was below 0.931. The agglomeration degree of human resources in nine districts including Chengdu and Yubei was greater than 2.031. PAP and RN agglomeration degrees in Yuzhong were 229.133 and 316.347, respectively. These results suggest the health resources in Chengdu-Chongqing Economic Circle are concentrated in the core areas, showing a significant disparity in the distribution of health resources among different districts (Figures 3G–J).



3.3 HRAE in Chengdu–Chongqing Economic Circle


3.3.1 Efficiency analysis based on the traditional DEA model in the first stage

Research has shown that the average TE, SE, and PTE of the Chengdu-Chongqing Economic Circle from 2009 to 2021 were 0.841, 0.920, and 0.914, respectively. Compared to 2009, the TE of the Chengdu-Chongqing Economic Circle in 2021 has increased. The Chengdu Economic Circle has increased by 0.409, and the Chongqing Economic Circle has increased by 0.091, which denotes more room for improvement in Chengdu Economic Circle than in Chongqing Economic Circle. Compared with the 12th Five-Year Plan period, the TE of the Chengdu-Chongqing Economic Circle increased during the 13th Five-Year Plan period by 0.036 in Chengdu Economic Circle and 0.021 in Chongqing Economic Circle. In 2021, 12 districts, including Deyang and Yuzhong, were in a DEA effective state, 12 districts, including Chengdu and Dadukou, were in a DEA weakly effective state, and 20 districts, including Suining and Fuling, were in a DEA ineffective state. Among the 15 districts in Chengdu Economic Circle, 2 districts (13.33%) had DEA effectiveness, 8 districts (53.33%) had DEA weak effectiveness, and 5 districts (33.33%) had DEA inefficiency. Among the 29 districts in Chongqing Economic Circle, 10 districts (34.48%) had DEA effectiveness, 4 districts (13.79%) had weak DEA effectiveness, and 15 districts (51.72%) had DEA inefficiency (Appendix Table 1).

From 2009 to 2021, TE, SE, and PTE in Chengdu-Chongqing Economic Circle showed a fluctuating upward trend, with a more significant increase from 2009 to 2010. The trend of SE and TE changes was generally consistent, indicating that SE is the main factor affecting TE changes. Looking at different districts, from 2009 to 2021, the TE of most districts (61.36%) was less than 0.875, whereas the TE of eight districts, including Deyang and Tongnan, was greater than 0.945. Yuzhong and Qianjiang reached the DEA effective state. A second stage SFA regression analysis is required to obtain the true HRAE (Figures 4A–D).
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FIGURE 4
 Comparison of HRAE in the first and third stages of Chengdu-Chongqing Economic Circle from 2009 to 2021. (A–C) signify the average TE, PTE, and SE of health resource allocation in Chengdu-Chongqing Economic Circle at stage 1 and stage 3, respectively. (D,E) Signify the average TE of each district in Chengdu-Chongqing Economic Circle at stage 1 and stage 3, respectively.




3.3.2 Analysis of results based on the SFA regression model in the second stage

This article used Frontier 4.1 to construct the SFA regression model with environmental variables as independent variables and input slack values as dependent variables. All four input slack variables passed the LR test at the 1% level, and the corresponding σ2 and γ also passed the t-test at the 1% level. Therefore, removing environmental variables and random disturbances is reasonable (16). Additionally, γ ≥ 0.68 exhibits that HRAE is mainly affected by management inefficiency (32) (Table 5).



TABLE 5 Analysis of regression results based on SFA model at the second stage.
[image: Table5]

The impact coefficients of PR were all positive and significant at least under the 5% significance level. Such values indicate that the HRAE of the Chengdu-Chongqing Economic Circle decreases as PR increases. This means that increasing PR will drive the demand for medical services among residents, increasing redundant investment in health workforce and material resources and negatively affecting HRAE. The regression coefficients of UR were all negative and passed the t-test at the 5% level, indicating that the improvement of UR has a promoting effect on HRAE. The reason may be that districts with higher UR are more likely to have high-quality medical resources and services, and people can avail high-quality and convenient medical services more. The impact coefficients of HE to medical and health human and material input slack variables were all negative, and the impact coefficients to AB and PAP slack variables were significant under the 1% significance level. The results denote that an increase in HE will reduce the redundancy of health resource investment and improve HRAE. After investigating the reasons, local governments have continuously emphasized the optimization of health resource allocation (33) and increased funding and regulatory efforts in the health field since the new healthcare reform, promoting the improvement of HRAE. The regression coefficients of GPBR to various input slack variables were all negative, and the regression coefficients of GPBR to PAP and RN slack variables were significant, at least under the 5% level. That is, the increase in GPBR will positively impact HRAE. A possible reason is that local governments with more GPBR are more likely to arrange fiscal expenditures reasonably based on the health needs of residents (34). The increase in FTPS will reduce the slack values of each input variable and improve HRAE. The strengthening of the teaching staff may promote the development of education and broaden the coverage of the population receiving education, which enable people to make more reasonable use of health resources and thereby improve the utilization rate of health resources. Moreover, the increase in GDP negatively impacts HRAE, and the impact coefficient of GDP to PAP slack variable was significant at the 5% level. Considering the continuous promotion of the construction of the Chengdu-Chongqing Economic Circle, the economy has been continuously developing. At the same time, people’s purchasing power has been constantly improving, and investment in healthcare has been increasing, leading to resource waste.



3.3.3 Efficiency analysis after adjusting investment indicators in the third stage

Research has shown that the average values of TE, SE, and PTE after the adjustment of the Chengdu-Chongqing Economic Circle from 2009 to 2021 were 0.806, 0.825, and 0.976, respectively. TE and SE decreased by 0.035 and 0.095 respectively, whereas PTE increased by 0.062. Thus, the low SE is the main reason for the low TE. After three-stage DEA adjustment, the TE of the Chengdu-Chongqing Economic Circle in 2021 decreased by 0.015 compared to 2009. The Chengdu Economic Circle increased by 0.031, whereas the Chongqing Economic Circle decreased by 0.038. The TE of the Chengdu-Chongqing Economic Circle during the 12th Five-Year Plan period and the 13th Five-Year Plan period decreased by 0.062 and 0.029, respectively. The TE of the 13th Five-Year Plan period was higher than that of the 12th Five-Year Plan period. Thus, not considering the external environment will overestimate the TE of these two periods. In terms of various districts, in 2021, TE increased in 17 districts including Luzhou and Jiangjin, decreased in 22 districts including Yubei and Changshou, and remained unchanged in 5 districts including Deyang and Kaizhou. After adjustment, seven districts including Bishan and Tongnan were no longer at the forefront of technology. In contrast, three new districts, including Chengdu, Mianyang, and Meishan, were at the forefront of technology (Appendix Table 1).

From 2009 to 2021, the adjusted TE and SE showed a trend of first decreasing and then increasing, whereas PTE showed a trend of first increasing and then steadily decreasing. TE and SE experienced a greater decline from 2009 to 2010, and their trends were generally consistent, further indicating that SE is the main influencing factor of TE changes. PTE experienced a greater increase from 2009 to 2010 and peaked in 2010. Looking at different districts, from 2009 to 2021, the TE of eight districts including Luzhou and Nanchong was greater than 0.983. The efficiency values of Chengdu and Yuzhong were all 1, reaching the DEA effective state. The rise in Neijiang and Dazhou was more pronounced, whereas the decline in Dadukou and Qianjiang was more pronounced. This indicates that environmental factors have a greater impact on these districts (Figures 4A–C,E).




3.4 Productivity of health resource allocation in Chengdu–Chongqing Economic Circle

Based on the adjusted input indicators and original output indicator data, the dynamic HRAE of the Chengdu-Chongqing Economic Circle was calculated again using DEAP 2.1 software. The Tfpch of the Chengdu-Chongqing Economic Circle from 2009 to 2021 was 1.027, except for 2017–2018 and 2019–2020, and the Tfpch of all other periods was greater than 1. The results show that the HRAE has shown an overall upward trend since the new healthcare reform, with an average annual increase of 2.7%. At the same time, Techch had an average annual growth of 2.8%, whereas Effch had an average annual decrease of 0.1%, indicating that the improvement of Tfpch is mainly because of the improvement of Techch. From 2009 to 2010, the Tfpch was 1.135, with a significant annual increase, which is due to the government’s high attention and determination to deepen the reform of the medical and health system, which has led to a rapid increase in Techch and thereby driven the improvement of Tfpch. From 2019 to 2020, Tfpch was 0.899, with a large average annual decline. A possible reason is that, due to the impact of COVID-19 in this period, the work focused on the prevention and control of infectious diseases, which slowed down the improvement speed of Techch, and then led to the decline of Tfpch. The frequency distribution shows that the Tfpch in 39 districts was greater than 1 from 2020 to 2021, indicating that the HRAE was developing in a good trend at the beginning of the 14th Five-Year Plan. Compared to 2009–2010, the frequency distribution of Effch (score > 1) from 2020 to 2021 was higher, while the frequency distribution of Techch (score > 1) was lower (Table 6).



TABLE 6 Dynamic HRAE and frequency distribution in Chengdu-Chongqing Economic Circle.
[image: Table6]

In terms of Tfpch, except for the three districts of Jiangjin, Hechuan, and Tongnan where Tfpch was less than 1 and Fengdu where the Tfpch was equal to 1, the Tfpch in all other districts was greater than 1. Tfpch in Qianjiang was the highest at 1.071, whereas Tfpch in Jiangjin was the lowest at 0.983. In terms of Effch, 16 districts (36.36%) had an Effch greater than 1, 25 districts (56.82%) less than 1, and 3 districts (6.82%) had it equal to 1. In terms of Techch, except for the three districts of Jiangjin, Tongnan, and Zhongxian, where Techch was less than 1, all other districts were greater than 1 (Appendix Table 2).




4 Discussion

Since the new healthcare reform in 2009, how to allocate health resources reasonably has been a hot topic of discussion. The Planning Outline attaches great importance to the development of the Chengdu-Chongqing Economic Circle, placing it at an important level with the Yangtze River Delta, the Guangdong-Hong Kong-Macao Greater Bay Area, and the Beijing-Tianjin-Hebei at the national strategic level. It also emphasizes the importance of promoting the sinking of high-quality medical resources and improving the two-way referral mechanism. Optimizing the allocation of medical resources is an important connotation of promoting integrated health and hygiene development in Chengdu-Chongqing Economic Circle. However, equity and efficiency are very important and difficult to balance when allocating medical resources. Therefore, this study empirically analyzes the health resource allocation-related issues encountered in constructing the Chengdu-Chongqing Economic Circle.

Since the new healthcare reform, the total amount of health resources in Chengdu-Chongqing Economic Circle, as well as health resources per thousand people and per square kilometer, have steadily increased over the past 13 years. Compared to other health resources, the growth rate of MHI is relatively small. Given the changes in the development mode of public hospitals and the allocation of health resources in recent years, the expansion of the scale of public hospitals has been limited to some extent (35). Simultaneously, as a critical component of MHI, public hospitals have also affected the growth rate of MHI. This study uses the Gini coefficient, Theil index, and agglomeration degree to study the fairness of health resource allocation in Chengdu-Chongqing Economic Circle. The empirical results show that the Gini coefficient range of each health resource in Chengdu-Chongqing Economic Circle according to population allocation is 0.066–0.283, while the Gini coefficient range for geographical area allocation is 0.297–0.469. The results denote that the fairness of health resources allocated by geographical area is worse than that allocated by population, which is consistent with existing research results (36). Possible reasons for this situation include the government’s goal of fulfilling residents’ health service needs and the impact of economic disparities in different districts of the Chengdu-Chongqing Economic Circle on the health resource allocation. The distance between residents and MHI should not be ignored as it can affect their convenience and enthusiasm for seeking medical treatment. Therefore, when formulating health plans, the government should comprehensively consider population and geographical area factors (9, 37). At the same time, the Gini coefficient of health resources allocated by population in Chengdu-Chongqing Economic Circle shows a downward trend. The equity of population allocation is constantly improving, which is closely related to the government’s emphasis on health resource allocation, and may also be related to changes in population structure and the health needs of residents. For the older adult and those with chronic diseases, the service capacity of primary-level medical and health institutions should be strengthened to make basic medical and health services more fair and accessible.

The research results indicate that intra-regional differences are the main reason for the unfair allocation of health resources in Chengdu-Chongqing Economic Circle. The contribution rate of internal differences in the allocation of most health resources in Chongqing Economic Circle is greater than that in Chengdu Economic Circle, which means larger internal differences are found in the allocation of health resources in Chongqing Economic Circle. Further analysis reveals that the reasons for the differences in the allocation of health resources in different regions include the level of economic development and the geographical distribution of MHI. Economically developed regions usually provide more medical resources and higher quality medical services, while remote areas have a weak attraction to health talents, resulting in insufficient high-quality medical resources and lower medical service capabilities. We must first solve the problem of unequal distribution of health resources in Chongqing Economic Circle, and lay a good foundation for scientific expansion of high-quality medical resources and regional balanced distribution of high-quality medical resources in Chengdu-Chongqing Economic Circle. The government should pay attention to the internal differences in the allocation of health resources in Chongqing Economic Circle, provide financial support to economically underdeveloped and remote areas such as Qianjiang, and promote the construction of close county-level medical communities. This suggestion aims to enhance the accessibility of high-quality medical resources, establish a high-quality and efficient integrated medical and health service system, and meet the health needs of residents in remote areas.

The fairness of most health resources in Chengdu-Chongqing Economic Circle based on population and geographical area allocation is good, but the fairness of MHI based on population allocation needs to be further improved. This result is similar to that of Yixin et al. (38). Research has shown that the regional agglomeration of health resources has been observed in Chengdu-Chongqing Economic Circle, with health resources mainly concentrated in economically developed core areas, consistent with existing research results basically (39, 40). Considering the region’s small geographical area and relatively developed economy, health resources are tilted toward the region, presenting a “Matthew effect” in terms of health resource allocation (41). Additionally, the characteristics of health resource allocation are largely consistent with the trend of urbanization, spreading from the core area outwards (42). Thus, it’s necessary to expand the radiation scope and enhance the core areas’ driving role in health resource allocation. This will boost health resource supply in less developed areas like Yunyang and Ya’an. Simultaneously, learn relevant experiences from Beijing-Tianjin-Hebei. Districts with relatively scarce health resources can precisely connect high-quality medical resources in core areas through collaborative construction and technological exchange.

From the perspective of HRAE in Chengdu-Chongqing Economic Circle, after removing the influence of environmental factors and random interference, the HRAE in most districts of the Chengdu-Chongqing Economic Circle changed. A three-stage DEA model for efficiency analysis must be used to obtain the actual efficiency value. The efficiency analysis results showed that the adjusted average TE value of the Chengdu-Chongqing Economic Circle was 0.806 from 2009 to 2021, which was higher than India (0.655) (43), Shanxi (0.675), and Inner Mongolia (0.730) (44) but lower than the national average (0.838) (45), Iraq (0.910) (46), and the Yangtze River Delta region (0.961) (47). Before and after the adjustment, the TE during the 13th Five-Year Plan period was higher than that during the 12th Five-Year Plan period, which resulted from the government’s reforms over the years. Moreover, we found that the overall HRAE of Chengdu Economic Circle was higher than that of Chongqing Economic Circle, and the resource allocation of Chongqing Economic Circle needs further optimization. Although the government continues to promote the integrated development of health and hygiene in Chengdu-Chongqing Economic Circle, the effectiveness of the cross-regional allocation of medical resources is not significant. Further improvement of relevant supporting systems and implementation of relevant measures should be carried out. We also found that 6 districts (40.00%) in Chengdu Economic Circle, including Luzhou and Nanchong, should reduce their scale, whereas 26 districts (89.66%) in Chongqing Economic Circle, including Fuling and Jiangbei, should increase their scale. Hence, the Chengdu-Chongqing Economic Circle should establish specialized alliances and strengthen the construction of closely-integrated urban medical groups to achieve differentiated development among institutions. In addition, the Yangtze River Delta region has taken the lead in making beneficial explorations in “Internet plus healthcare.” The Chengdu-Chongqing Economic Circle should actively learn from its experience in telehealth and intelligent hospital construction and address the uneven distribution of health resources through the development of telehealth. For example, by providing online paid diagnostic and treatment services through a telemedicine platform, this measure can moderately reduce the medical burden on patients, and also reduce the service pressure of offline hospitals and the diagnostic and treatment pressure on doctors (48). Online paid diagnosis and treatment can divert excessive medical resources, allowing patients in remote areas to enjoy high-quality medical services. In addition, through cross-regional medical information sharing, doctors can make accurate diagnoses more quickly, reduce repeated examinations, save time and costs, and to some extent alleviate the gap in urban and rural medical levels (49). Health managers, by analyzing patient data, can better understand the health status and needs of various groups in different areas, thereby optimizing the allocation of medical resources (50).

Research has found spatial heterogeneity in efficiency within and between regions in Chengdu-Chongqing Economic Circle. The government should implement localized and targeted strategies for each district, considering the actual conditions of different districts to make scientific assessments. Districts such as Dadukou, where low efficiency in scale results in overall inefficiency, should be provided with preferential policies with district’s characteristics, fiscal support, and a rational expansion of scale to reduce the differences between districts. The study also found that environmental variables have a certain impact on HRAE. HE, FTPS, UR, and GPBR positively impact efficiency, whereas GDP and PR negatively impact efficiency. Therefore, these influencing factors should be comprehensively considered, and multiple measures should be adopted to improve HRAE. Regarding productivity, the HRAE has shown an overall upward trend since the new healthcare reform, and the improvement of Techch has driven the improvement of Tfpch. Furthermore, the Tfpch and Techch in most districts were greater than 1, whereas Effch was less than 1. Further decomposition confirms that low Sech leads to low Effch, indicating room for improvement in the Sech of the Chengdu-Chongqing Economic Circle. Therefore, MHI needs to anchor the demand of the medical service market accurately based on the local population size, economic level, and disease spectrum (51), allocate health resources scientifically and reasonably, and improve the utilization rate of health resources.



5 Conclusion

The Chengdu-Chongqing Economic Circle faces issues such as the need for further improvement in HRAE and Sech, imbalances in health resource allocation between regions and within different areas of the region, and significant differences in HRAE. Overall, due to Chongqing being a mega-city that integrates large urban areas, rural areas, mountainous areas, and reservoir areas, and Chengdu having advantages as a provincial capital and geographical benefits of the Chengdu Plain, the Chengdu Economic Circle has relatively better equity compared to the Chongqing Economic Circle, which is consistent with the results of the efficiency analysis. To address these issues, regional cooperation and sharing should be strengthened to improve the equity and efficiency of regional health resource allocation.


5.1 Limitations

Our study has certain limitations. First, this study included representative indicators of human and material resources but did not include indicators of financial resources. As a result, our findings might not completely reflect the aggregate status of health resources in Chengdu-Chongqing Economic Circle. Second, given the unavailability of the Chongqing Health Statistical Yearbook before 2009, relevant research on the early stage of the Eleventh Five-Year Plan was not conducted. Finally, our research methods mainly explored the fairness of health resources from the dimensions of population and geographical area, without fully considering the impact of the economic factors on equity. Moreover, the three-stage DEA model cannot rank DEA-efficient decision-making units, which has certain limitations.
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Background: In the context of rapid economic and social development, there has been a continuous intensification of population aging, transformation of disease patterns, and wide application of new medical technologies. As a result, health expenditures in various countries have sharply soared. How to utilize limited medical resources to maximize the improvement of health levels has become a hot and challenging issue related to the well-being of all humanity. The relevant indicators of total health expenditure play a crucial role in monitoring and evaluating the fairness of health financing and health security in the region.

Objective: This study explores the changes in the main expenses that constitute China’s total health expenditure and uses indicators related to health expenditure to observe the changes and future development trends of China’s health expenditure. Based on this, the utilization of China’s health expenditure is monitored to identify possible problems, and thereby targeted suggestions for promoting the development of China’s health and wellness cause are put forward.

Methods: Based on the comparison of previous literature, this paper analyzes the changes and future development trends in China’s health expenditure by using the relevant indicators of China’s health expenditure through the structural variation analysis method and the gray prediction model.

Results: The results show that the scale of government, social, and out-of-pocket health expenditures has continuously expanded, with social health expenditures becoming the main funding source for total health expenditures. The burden of medical expenditures on individuals has been further reduced. In the institutional method of total health expenditures, hospital expenditures account for about 60% of the total and are the main component. The expenditures of health administration and medical insurance management institutions are the main driving force behind the growth of total health expenditures. However, the proportion of health expenditures in China’s GDP is relatively low, so more investment is needed in the healthcare sector, and the burden of individual medical expenses also needs to be continuously reduced.

Discussion: In the future, China should further increase its investment in the medical and health sector. Specifically, the government should persist in investing in fundamental medical and health services. Simultaneously, efforts should be made to establish a scientific cost control mechanism for pharmaceuticals and broaden financing channels for healthcare, such as accelerating the development of commercial health insurance.
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1 Introduction

In China, the total health expenditure pertains to the value of economic resources expended by the entire society for the provision of medical and health services within a specific period (typically 1 year) in a country or region. It represents a significant indicator for gauging the financing level of health care and its utilization degree (1). It mirrors the degree of attention accorded by the government, society, and individual residents toward health under certain economic and social circumstances, the level of medical and healthcare costs borne, and the fairness and rationality of health financing. Therefore, this study aims to track the processes of fundraising, allocation, and usage of funds in the health system. It provides important data support for evaluating the sufficiency and sustainability of health fundraising, as well as the efficiency of fund usage. Additionally, it aims to measure the economic burden of medical treatment for the population. It is of great significance for optimizing the allocation of medical and health resources, ensuring the affordability of medical treatment for the masses, enhancing the fairness and accessibility of health services, and promoting the achievement of universal health. In recent years, China has initiated several relevant plans regarding health expenses. The “Healthy China 2030” Outline explicitly stipulates that by 2030, the proportion of out-of-pocket health expenditure in the total health expenditure will decline to approximately 25% (2). The “14th Five-Year Plan for National Medical Security” outlines the development goals of achieving a fairer and more inclusive basic medical security system, ensuring a more balanced burden-sharing among all parties, establishing guaranteed scope and standards that are better aligned with the level of economic and social development, and providing more accessible public services (3). The World Health Organization has even proposed that the proportion of total health expenditure in Gross Domestic Product (GDP) should be no less than 5%, and the proportion of out-of-pocket health expenditure in total health expenditure should range from 15 to 20% (4).

Due to the increasing demands for residents’ health, changes in population structure, and the rise in drug expenses, China’s total health expenditure has been continuously increasing. In 2022, China’s total health expenditure reached 8,532.749 billion yuan (equivalent to 1,268.603 billion US dollars at the current exchange rate), accounting for 7.05% of GDP. The per capita total health expenditure in China was 6,044.09 yuan (or 898.60 US dollars) (5). Among China’s total health expenditure, the proportion of individual health expenditure in the total health expenditure decreased to 26.89%, and the proportion of social health expenditure in the total health expenditure continued to ascend. Simultaneously, the government’s financing role for health has continuously strengthened. Despite the increase in total government health expenditures, the expenditure structure remains inadequately rational, and there has been no fundamental reversal of the situation where public medical and health resources are skewed toward treatment (6). In 2022, the proportion of health expenditure in the US GDP amounted to 16.63%. The proportion of health expenditure in the GDP of major OECD countries such as Japan, Germany, and the United Kingdom has exceeded 10% in the past few years (7). The medical and health expenditures in these countries are mainly derived from the government and society, accounting for approximately 90%, while out-of-pocket expenditures merely make up about 10%. In contrast to developed economies, the proportion of government health expenditures in China is excessively low and the proportion of out-of-pocket expenditures is relatively high, leaving the burden of residents’ medical expenses rather heavy.

Health expenditure has consistently been a topic of global preoccupation. In recent years, scholars across the world have predominantly centered their research on total health expenditure in terms of accounting outcomes, trend projections, and the analysis of influencing factors. In the majority of developed countries, health care expenditure has witnessed a sharp increase. Among them, the per capita expenditure on healthcare in the United States is twice that of any other developed country worldwide (8). Among the member states of the European Union, health expenditure is also one of the items with the fastest growth rate, and GDP and out-of-pocket health expenditure have been identified as the critical drivers of public health expenditure (9). However, as states in the United States are more homogeneous in terms of medical technology, consumer preferences, health policies, and the structure and general characteristics of the healthcare system, the convergence of healthcare costs among states in the United States might be quicker than among the European Union or OECD countries (8). Public health and health expenditures are significant for both developed and developing countries, but they are even more vital for the latter (10). For instance, Africa aspires to enhance health outcomes on the continent by increasing public health expenditure (11). Indian scholars contend that the ratio of public health expenditure to the country’s gross domestic product is a positively substantial predictor of healthcare infrastructure and human resources in rural areas of India (12). Health expenditures can result in the improved provision of healthcare opportunities, thereby reinforcing human capital, augmenting productivity, and boosting economic performance (10). In an economic environment featuring high levels of household consumption, employee wages, and physical capital investment, public health expenditure will considerably contribute to economic growth (13). Other scholars’ research has discovered that in the control of COVID-19, higher public health expenditure can shorten the time to reach the peak level of infection in the local area (14). Nevertheless, except the United States, all economies under examination have insufficient expenditures on healthcare. The insufficiency of expenditures is particularly acute in China, India, and the Russian Federation (15). So health expenditure is associated with the investment in medical care, the allocation of funds for health expenditure, and the equity of people’s health. There is a positive correlation between health expenditure and healthcare outcomes, but it is projected that in the upcoming years, health expenditure will further pose a challenge to financial sustainability (16).

Some studies show that the OECD’s System of Health Accounts (SHA) is commonly used as a basis for determining the measurement scope internationally (17). According to the International Classification for Health Accounts (ICHA) of the Statistical Abstract of the United States (SHA), total health expenditures can be divided into three categories: general government expenditure on health (GGHE), private expenditure on health (PHE), and the rest of the world, where the latter mainly refers to foreign aid expenditures, which usually come from international organizations, and the World Health Organization (WHO) generally includes it in the general government expenditure category (18). There are two ways to calculate the total health expenditures in China. One is the institutional approach, which defines total health expenditures as the sum of expenditures from public health institutions, health administration and pharmaceutical insurance management institutions, outpatient clinics, hospitals, pharmacies, and other sectors (19). The other is the source approach, which consists of government health expenditures, social health expenditures, and out-of-pocket health expenditures (20). According to the OECD classification of total health expenditures and the classification of total health expenditures in China, China’s total health expenditures can be classified as shown in Figure 1.

[image: Figure 1]

FIGURE 1
 Classification of China’s total health expenditures.




2 Materials and methods


2.1 Source of information

The data are sourced from China Statistical Yearbook, Research Report on China’s Total Health Expenditure in 2020, and Statistical Bulletin on the Development of China’s Health and Wellness Undertakings in 2022, and data such as China’s total health expenditure, government health expenditure, social health expenditure, out-of-pocket health expenditure, GDP, and health expenditure flowing to institutions like hospitals are extracted. Based on these data, structural variation analysis and trend prediction are carried out. Extract the specific composition data of diverse health expenses from the Research Report on China’s Health Expenditure in 2020 as well as the personal health expenditure and drug expenses of certain developed countries, providing a reference basis for comparing with China’s health expenses and conducting in-depth analyses of the reasons for the structural variations of China’s health expenses.

The China Statistical Yearbook is an informative annual publication compiled and printed by the National Bureau of Statistics of China, comprehensively reflecting the economic and social development situation of China. It mainly includes a large amount of statistical data on the economy and society of the whole country, provinces, autonomous regions, and municipalities directly under the Central Government in the previous year collected in a certain year’s statistical yearbook, as well as the main statistical data of the country in important historical years and the past two decades. It is published by the National Bureau of Statistics every year and is China’s most comprehensive and authoritative comprehensive statistical yearbook. This article mainly selects the data on health expenditures and GDP in the China Statistical Yearbook from 2012 to 2022. Research Report on China’s Total Health Expenditure in 2020 includes the main data of China’s total health expenditure from 1990 to 2019, the accounting results of health expenditure for each province, and briefly lists some historical materials since 1978 and foreign total health expenditure data. The Statistical Bulletin on the Development of China’s Health and Wellness Undertakings in 2022 mainly describes the conditions of health resources and other aspects.



2.2 Methods


2.2.1 Structural variation analysis method

As a dynamic data processing method, the structural change analysis method was mostly applied in resident consumption research in the early stage. It is also commonly used in the analysis of medical income and expense structure. It can comprehensively reflect the internal composition changes of medical expense structure and the overall characteristics of medical expense changes. This paper employs the method of structural variation analysis to study the measurement indicators of the structure of China’s total health expenditures, including the Value of Structure Variation (VSV), Degree of Structure Variation (DSV), Contribution rate of structural variation (CRSV), and driving force (21).

The Value of Structure Variation (VSV): [image: image]. During a certain period, subtract the composition ratio at the beginning of each project from that at the end. If VSV > 0, the proportion of a certain project’s cost in the total cost increases, and this is a positive change; if VSV < 0, it is a negative change, and the situation is reversed.

Degree of Structure Variation (DSV): [image: image]. This value always fluctuates between 0 and 1, reflecting the comprehensive change in the composition ratio of each project within a certain period. The size of the value reflects the degree of structural change; the larger the value, the greater the degree of change.

Contribution rate of structural variation (CRSV): [image: image]. This value reflects the degree of influence of the changes in the proportion of each project in the overall on the overall cost structure; the larger the value, the greater the degree of influence.

Driving force = CRSV × Project Growth Rate × 100%. This value is to analyze the driving force of each item on the overall cost growth in combination with the direction of structural changes. The larger the value, the greater the driving force.

Among them, i represents the serial number of the expense item, 0 represents the beginning, 1 represents the end, [image: image] represents the composition ratio of a certain expense item to the total expense at the beginning, and [image: image] represents the composition ratio of a certain expense item to the total expense at the end.



2.2.2 Gray prediction model

The gray prediction model is based on past and present known or uncertain information to construct a gray model (GM) and generate a hierarchical solution to obtain the generation function, thereby establishing a numerical sequence prediction for the target sequence (22). By forecasting the future trends of the system, it provides a basis for planning and decision-making. This forecasting method is designed for analyzing and modeling gray processes with limited information, sparse data, and concealed system laws. It has unique functions by generating and processing the original data sequence to weaken the randomness of the original data sequence and reveal the actual development laws of the system, thereby achieving the goal of forecasting.

This paper first analyzes the current situation and variations in China’s total health expenditures, and then, based on the initial time series of China’s total health expenditures from 2012 to 2022, it uses the gray system theory to establish a GM (1,1) model and conducts a test to predict and analyze the dynamic trend of China’s total health expenditures. The modeling process is as follows:

The original value sequence of total health expenditure for the constructed series is shown in Equation 1.

[image: image]

The cumulative value of total health expenditures is shown in Equations 2 and 3.

[image: image]

[image: image]

Formulate the cumulative predictive equation for total health expenditures (Equation 4).

[image: image]

In Equation 4, a and u are the unknown parameters to be determined, which can be obtained from the gray parameter matrix:

[image: image]

In Equation 5, the sliding average matrix (B) and the data vector (Yn) are, respectively, defined in Equations 6 and 7. By substituting the obtained a and u into Equation 4, we get the equation expression of the cumulative predicted value of total health expenditure, and then by reducing it iteratively, we obtain the equation of the predicted value of total health expenditure for the “t” year, which is Equation 8.

[image: image]
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Check the residuals and the relative error is given by Equation 9.

[image: image]

Average relative error [image: image]. When the average relative error is less than or equal to 0.2, the model passes the residual test. The model is diagnosed using the posterior difference test (23). Calculate the mean square errors of X(0) and ε(0)(t) separately, denoted as S1 and S2, respectively. The posterior ratio C = S1/S2 is then calculated. The small error probability p < 0.6745S1 is also calculated.

This research examines China’s aggregate health expenditure structure, its trajectory, and forthcoming patterns through structural variation analysis and a gray prediction model. Currently, the application of structural variation analysis in China’s health expenditures primarily focuses on examining the composition of outpatient and inpatient expenses (24–26) and analyzing the distribution of health expenditures across different provinces and cities (27–29). Research on China’s health expenditures is limited to accounting-based analysis, without delving into a deeper understanding through structural variation analysis. The gray prediction model has found widespread utility for projecting health expenditure and anticipating future trends related to medical insurance funds within China.





3 Results


3.1 The composition of total health expenditure


3.1.1 China total expenditure on health by source

The total health expenditure in China has generally demonstrated an upward tendency. Among the total health expenditure, the proportion of social health expenditure is the largest, while that of individual health expenditure has further decreased (Table 1). The total health expenditure has increased by 203% from 2012 to reach 85327.49 billion yuan, while the government health expenditure has increased by 15608.91 billion yuan, an increase of 185%. The social health expenditure has increased the most, rising to 38345.67 billion yuan. Out-of-pocket health expenditure has also increased, but the increase is the smallest, at 138%. The total health expenditure in China has shown an upward trend from 2012 to 2022, with the proportion of government health expenditure in total health expenditures declining from 29.99 to 28.17%. Although government health expenditure has shown a continuous growth trend, its proportion in total health expenditures has fluctuated within a small range. The proportion of social health expenditure in total health expenditures has shown an increasing trend, while the proportion of out-of-pocket health expenditure in total health expenditures has declined from 31.34 to 26.89%, reaching and falling below the 27% requirement mentioned in the “14th Five-Year Plan for National pharmaceutical Insurance.”



TABLE 1 Composition of total health expenditures in China from 2012 to 2022.
[image: Table1]

Over the past decade, China’s total health expenditures have been fluctuating, with “increase and decrease” reflecting the warm process of meeting people’s needs and showcasing the solid steps toward building a healthy China. In the past decade, China’s total health expenditure as a percentage of GDP has increased from 5.22 to 7.05%, exceeding the WHO’s recommendation for medium-low income countries in 2010 (5–7%) and continuing to move toward a target of more than 7%.



3.1.2 China total expenditure on health by provider

The total health expenditure in China is primarily allocated to hospitals, with a slight shortage of funding for primary care facilities (Table 2). In 2022, the total health expenditure (institutional method) in China directed 48,548.93 billion yuan toward hospital expenditures, accounting for 61.41% of the total expenditure. This figure was 0.74 percentage points lower than that in 2012, indicating overall fluctuations in funding allocation over the years. The expenditure directed toward public health institutions amounted to 502.568 billion yuan, accounting for 6.36% of the total expenditure. This percentage showed a consistent decrease from 2012 to 2019, followed by a slight increase to 6.56% in 2020 before declining once again. The proportion of expenditures in outpatient institutions is expected to remain stable within the range of 6–8%. The proportion of pharmacy retail expenditures has exhibited a slight downward trend, currently standing at 9.01%, while the proportion of expenditures in other institutions continues to rise within the total health expenditures. The proportion of expenditures flowing to hospitals has been relatively stable during the period from 2012 to 2022, with urban hospitals accounting for about 60% of the total expenditures and county hospitals about 20%. The expenditures of other primary health institutions account for a relatively small proportion (Figure 2).



TABLE 2 Institutional distribution of total health expenditures in China, 2012–2022 (%).
[image: Table2]
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FIGURE 2
 The share of expenditures for each institution in hospital organizations (2012–2022).




3.1.3 China pharmaceuticals expenditure

Outpatient and retail pharmaceutical expenditures account for an increasing share of total health expenditures, while the share of hospital pharmaceutical expenditures has a downward trend. In 2022, the total expenditure on pharmaceuticals in China decreased by 13.46 percentage points to 21,275.81 billion yuan, accounting for 26.91% of the total health expenditure (institutional method). Of which, the retail pharmaceutical expenditure was 7,123.98 billion yuan, accounting for one-third of the total pharmaceutical expenditure. In 2020, retail pharmaceutical expenditures accounted for the largest share, but in 2021, they fell back to 30.91%, with the overall trend being an upward one for the proportion of retail pharmaceutical expenditures in total pharmaceutical expenditures. In 2022, the expenditures for outpatient pharmaceuticals and hospital pharmaceuticals were 8303.04 billion yuan and 5,848.79 billion yuan, respectively, accounting for 39.03 and 27.49% of the total pharmaceutical expenditures. Outpatient pharmaceutical expenditures have been increasing steadily, with the proportion of total pharmaceutical expenditures declining in 2013 and then rising again in subsequent years (Table 3). In contrast, inpatient pharmaceutical expenditures have fluctuated up and down, and the proportion of total pharmaceutical expenditures has been declining steadily, dropping by 7.68 percentage points compared to 2012.



TABLE 3 The composition of total pharmaceutical expenditure in China from 2012 to 2022.
[image: Table3]




3.2 Analysis of variation in the structure of China’s total health expenditure


3.2.1 Analysis of structural variations of China’s total health expenditure by source

The total health expenditure in China has been increasing steadily, with individuals’ medical burdens further reduced. The variation in the structure of health expenditure sources in China (Table 4) indicates that, on the whole, government health expenditures and out-of-pocket expenditures have experienced negative variations, while social health expenditures have experienced positive variations. The overall structural variation in health expenditures is 15.54%. The structural variation in social health expenditures has the highest contribution rate, at 59.65%. On the other hand, out-of-pocket expenditures exhibit the smallest value of structural variation, while government health expenditures show the lowest contribution rate of structural variation. This indicates that out-of-pocket expenditures are decreasing, medical burdens are being alleviated to some extent, and the proportion of government health expenditures is showing a downward trend.



TABLE 4 Variations in the funding structure of total health expenditures in China (%).
[image: Table4]

From the value of structure variation, government health expenditures had positive variations in 2012–2013, 2014–2015, 2019–2020, and 2021–2022, while the overall structural variation value was negative. Social health expenditures had a negative structural variation value in 2019–2020 and 2021–2022, while they had a positive structural variation value in the other years. Out-of-pocket expenditures have shown a negative trend overall. From the perspective of the contribution rate of structural variations, it was observed that in 2012–2013, out-of-pocket expenditures made the largest contribution to structural variations, followed by social health expenditures. Government health expenditures were found to have the smallest contribution rate. The contribution rate of the structural change in social health expenditures has fluctuated, experiencing a decrease in 2014–2015. However, overall, there has been a gradual increasing trend compared to 10 years ago. This increase is on par with, or even slightly higher than, government health expenditures. In contrast, the contribution rate of out-of-pocket expenditures has steadily decreased over time.



3.2.2 Analysis of structural variations in China’s total health expenditure by provider

The allocation of health expenditures is uneven, and there is still room for improvement in the expenditures of primary healthcare institutions. Overall, the structural variations in the allocation of healthcare expenditures in China indicate that the largest values of structural variation and contribution rates were observed in health administrative and insurance management institutions, at 3.67 and 29.86%, respectively, during the period from 2012 to 2022 (Table 5). The structural variation value of pharmaceutical retail institutions was the smallest, while the contribution rate of hospitals was the smallest. The degree structure variation of the allocation of healthcare expenditures in China was 12.29%, with the largest overall changes occurring in 2020–2021 and the smallest changes occurring in 2017–2018.



TABLE 5 Variations in the institutional flow structure of China’s total health expenditures.
[image: Table5]

Regarding the value of structural variation, it was observed that public health institutions generally exhibited negative values, except a positive trend from 2019 to 2020. These institutions showed minimal fluctuations in expenditures. In contrast, health administration and medical insurance management institutions demonstrated predominantly positive structural variation values, accompanied by substantial expenditure variations. The proportion of expenditures allocated to hospitals showed a positive trend from 2012–2013 to 2014–2019, but exhibited a negative trend from 2019 to 2022, resulting in an overall small structural variation in the negative direction. On the other hand, the proportion of expenditures directed toward outpatient institutions displayed a negative structural variation value from 2012–2016 and 2019–2021, while showing positive trends in other years. However, the overall structural variation value remained negative. From the contribution rate of structural variations, the contribution rates of various expenditures to structural variations have fluctuated in 2012–2015, and in 2017–2022, the impact of hospitals and other institutions on the overall structural variations has been the largest. Additionally, by referring to Figure 2 and Table 3, we can see that the allocation of health funding in China is primarily concentrated in urban large hospitals, while there is a slight lack of resources allocated to grassroots healthcare institutions.



3.2.3 Analysis of structural variations in China’s total health expenditure by provider

The fluctuation in hospital pharmaceutical expenditures has a significant impact on total health expenditures. On the whole, the structural variation values of pharmaceutical expenditures in China (Table 6) indicate that the structural variation value of outpatient pharmaceutical expenditures is the largest, at 4.61%, while the structural variation value of inpatient pharmaceutical expenditures is the smallest. However, the structural pharmaceutical contribution rate of inpatient pharmaceutical expenditures is the largest, while the structural variation contribution rate of retail pharmaceutical expenditures is the smallest. The structural variation degree of total pharmaceutical expenditures in China is 15.36%, and the overall variations in pharmaceutical expenditures for 2020–2021 are the largest, while the variations for 2015–2016 are the smallest.



TABLE 6 Variations in the structure of pharmaceutical expenditures in China (%).
[image: Table6]

From the perspective of structural variation values, the structural variation values of outpatient pharmaceutical expenditures and retail pharmaceutical expenditures are mostly positive, and the structural variation values in pharmaceutical total expenditures are larger. From the perspective of the contribution rate of structural variation, it is evident that there have been significant changes in the contribution rates of each expenditure during this period. Of particular note is the substantial impact of hospital pharmaceutical expenditures on the overall structure, while outpatient pharmaceutical expenditures have had the smallest impact on the overall structure of total pharmaceutical expenditures.




3.3 The driving force for health expenditures from various expenditures


3.3.1 The driving force of health expenditures by source

Social health expenditures have become the predominant component of total health expenditures, with government health expenditures demonstrating strong emergency response capabilities. Analysis of the driving forces behind health expenditure from various financing sources (Table 7) reveals that all factors contribute positively to the growth of total health expenditure. Among these factors, social health expenditure serves as the primary driving force, while government health expenditure plays a relatively smaller role. This indicates that social health expenditure has the greatest impact on the growth of total health expenditure, whereas government health expenditure makes the smallest contribution.



TABLE 7 The driving force for health expenditures from various expenditures from 2012 to 2022 (%).
[image: Table7]

The contribution rate of government health expenditure structure variations has been growing steadily in recent years, with a particularly large increase after 2015, despite the continuous expansion of government health expenditures. The proportion of health expenditures has changed little and has shown a downward trend, mainly consisting of expenditures on healthcare services and health insurance subsidies, which together account for about 95%. The proportion of government expenditures on healthcare services has decreased from 52.01% in 2015 to 49.63% in 2019 and then increased to 58.22% in 2022. The proportion of government expenditures on health insurance subsidies has increased from 47.99% in 2015 to 50.37% in 2019 and then decreased to 41.78% in 2022. As a result, the government’s expenditure structure has changed (30). This shows that the government health expenditures can adjust its allocation proportion promptly to actively respond to major public health events.

The contribution rate of social health expenditure to total health expenditure has been increasing steadily, and it has a powerful driving force for the growth of total health expenditure. Among social health expenditures, social security expenditures constitute half of the total health expenditures. Social security expenditures mainly denote the funds collected by various social medical insurance projects in the current year and do not incorporate government input (Figure 3). The funds collected are relatively large, so they also account for the largest share of social health expenditure. At the same time, due to the government’s robust support for commercial health insurance and the public’s growing awareness of healthcare, there has been a steady increase in premium income for commercial health insurance. This increase has contributed to social health expenditure and has enhanced the role of commercial health insurance in providing reimbursements, thereby increasing its share in total health expenditure. Meanwhile, social medical expenditure also plays a crucial role, making a significant contribution to the growth of total health expenditure. Direct investments from all sectors of society in various levels and types of healthcare institutions have driven the increase in social health expenditure. As a result, there has been a rising share of social health expenditure in total health expenditure.

[image: Figure 3]

FIGURE 3
 The composition of total health expenditures in China in 2020.




3.3.2 The driving force of health expenditures by provider

The growth of total health expenditure in institutional law is mainly driven by the expenditures of health administration and medical insurance management agencies. The various expenditures in the institutional flow have certain driving effects on the growth of total health expenditures (Table 7). The health administrative and medical insurance management institutions can raise more funds for medical insurance and other funds, and their expenditures have a greater driving force compared to other departments’ expenditures. At the same time, outpatient institutions primarily offer diagnosis and treatment services for outpatients and community family health care services. Due to their specific functions, the funds raised by these institutions are relatively less compared to other healthcare facilities. As a result, the expenditures of outpatient institutions have the smallest impact on driving force. Furthermore, the market scale of retail pharmaceutical institutions is continuously expanding and diversifying its development under the premise of standardized management, multi-channel circulation, and increasing chain rate year by year. As a result, their driving force for expenditures is substantial, enabling them to provide convenient pharmaceutical services for individuals or families in various regions. This can be explained by the fact that China’s medical insurance cause is experiencing rapid development, with a focus on strengthening the synergy between the medical, insurance, and pharmaceutical sectors. This development aims to promote the reform of the health and medical system in response to the needs of the people, ensuring that their demand for health services is consistently met.



3.3.3 The driving force of pharmaceuticals expenditure

The outpatient department remains the mainstream for purchasing pharmaceuticals, and there is still considerable room for the development of retail pharmaceuticals. The pharmaceutical expenditures of various institutions have a strong driving effect on total health expenditures (Table 7). Among these factors, the driving effect of outpatient pharmaceutical expenditures is the most significant, while the impact of inpatient pharmaceutical expenditures on the structure of pharmaceutical expenditures is also substantial. On the other hand, retail pharmaceutical expenditures have the smallest driving effect. Although inpatient pharmaceutical expenditures have the largest impact on the structure of pharmaceutical expenditures, their driving effect is not as significant as that of outpatient pharmaceutical expenditures. This shows that outpatient pharmaceutical expenditures play an important role in the growth of total pharmaceutical expenditures, while the contribution of retail pharmaceutical expenditures to the growth of total pharmaceutical expenditures is small. Some scholars have found that the annual growth rate of pharmaceutical expenditures in China is 4.20%, far lower than the pharmaceutical expenditures growth rate during the “Thirteenth Five-Year Plan” period (31). The proportion of pharmaceutical expenditures in total health expenditures has also declined significantly, indicating that the era of “relying on pharmaceuticals to support medical services” is coming to an end. However, pharmaceutical income is still the largest item of outpatient income for public hospitals, and efforts need to be continued to control pharmaceutical expenditures. Controlling pharmaceutical expenditures should still be one of the important tasks for adjusting outpatient expenditure structure. In particular, within the outpatient population, patients with chronic diseases who require long-term medication often do not receive treatments and laboratory tests beyond regular checkups. Therefore, reducing pharmaceutical expenditures remains a crucial approach to controlling patients’ medical costs (32).




3.4 Projections for China’s total health expenditures


3.4.1 Predict the overall expenditure on health in our nation

The total health expenditure and its share in GDP will continue to rise, with a gap remaining with developed countries. Using the four expenditures listed in Table 8 as predictor variables, after calculating the predicted values of the expenditures, this model passed the test, and the prediction results are scientific and reasonable. Finally, the ratios of government health expenditures, social health expenditures, and personal health expenditures to total health expenditures are calculated, and the ratio of total health expenditures to GDP is calculated through the model (Table 8). According to the results of the GM (1,1) model (Table 9), the government, social, and out-of-pocket health expenditures of all three sides have been continuously increasing, so the total health expenditures have been continuously increasing. It is expected that the total health expenditures in China will reach 205098.97 billion yuan by 2030. The proportion of out-of-pocket health expenditures to total health expenditures is expected to drop to 23.19%, achieving the goal set in the “Healthy China 2030” planning outline, which is 25%. Combining Table 5 shows that the proportion of government health expenditures and personal health expenditures is almost the same, and both are constantly decreasing, while the proportion of social health expenditures is gradually becoming the largest component of total health expenditures. In addition, it is expected that the proportion of total health expenditures to GDP will be 8.89% in 2030.



TABLE 8 Establishment and verification of GM (1,1) model.
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TABLE 9 Projections of health expenditures and financing structures.
[image: Table9]

The proportion of out-of-pocket health expenditure in China has been steadily decreasing. However, there still exists a significant disparity when compared to the WHO’s initiative, which aims to reduce out-of-pocket health expenditure to 15% of the total health expenditure. This reduction is intended to minimize and eliminate catastrophic health expenditure and poverty resulting from illness. Meanwhile, in contrast to some developed countries of the OECD, the proportion of personal health expenditure in China relative to total health expenditure remains comparatively high. The proportion of out-of-pocket health expenditure in the majority of developed countries has been beneath 20%, and the proportion of total health expenditure to GDP in numerous developed countries has presently exceeded 10% (Figure 4). Hence, it becomes evident that the attention and investment in health expenditure still require further enhancement.

[image: Figure 4]

FIGURE 4
 Comparison of healthcare expenditure as a percentage of GDP between some developed countries and China.




3.4.2 Predict the pharmaceuticals expenditure on health in our nation

The share of pharmaceutical expenditure in total health expenditure has decreased, but further efforts are needed to effectively control expenditures. The proportion of out-of-pocket health expenditures in China has been declining since 2015, mainly due to the deep reform of China’s medical and health system, which abolished pharmaceutical margins and adjusted medical service prices (33). The reform has achieved significant results. In 2017, China comprehensively launched the reform of public hospitals, and all public medical institutions abolished pharmaceutical margins (34), which has achieved significant breakthroughs in the pharmaceutical and healthcare system reform. Through forecasting, it can be seen that the proportion of pharmaceutical expenditures in total health expenditures will drop to 19.34% by 2030, and the effect of reducing residents’ medical expenditures through controlling pharmaceutical expenditures will be further manifested (Table 10). In addition, the “Guiding Opinion on Pilot Reform of Urban Public Hospitals” issued in 2015 proposed that the proportion of pharmaceuticals (excluding Chinese herbal pharmaceutical decoctions) in pilot city public hospitals should be reduced to around 30% in 2017 (35). However, the limited regulatory role of simply abolishing pharmaceutical margins in controlling medical expenditure, and the possibility of being offset by an increase in pharmaceutical, can only play a certain alleviating role. Controlling the pharmaceutical ratio at the same time will ensure sufficient price adjustment flexibility. In many developed countries, the proportion of healthcare costs spent on drugs has already fallen below 20% (Figure 5). This suggests that there is still significant potential for China to reduce its healthcare expenditures. Therefore, it is imperative to implement targeted measures aimed at cost control and alleviating patients’ financial burdens to achieve further reductions in healthcare costs.



TABLE 10 Predicted share of pharmaceutical expenditures in total health expenditures.
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FIGURE 5
 Comparison of the proportion of pharmaceutical expenditures in healthcare expenditures between China and selected developed countries.






4 Conclusion

The continuous expansion of total health expenditure presents both a challenge and an opportunity for healthcare system reform in China. Firstly, as indicated by the above analysis, there is a rising trend in total health expenditure in China. Factors such as GDP and urbanization influence the growth of health expenditure in OECD countries, while improvements in health status, decline in mortality rate, and extended life expectancy have contributed to increased total health expenditure in Asian countries but reduced it in OECD countries (36). GDP, urbanization, and an aging population are also important factors contributing to the growth of health expenditures in China, a conclusion that has been confirmed by many scholars (37, 38). Furthermore, the out-of-pocket health expenditure among Chinese residents is on a decreasing trend. This can be attributed to the increasing contribution of social health expenditure to the total health expenditure. The shift toward social health expenditure as the primary contributor is a result of continuous improvements and advancements in China’s medical insurance system. These efforts are aimed at reducing the financial burden of medical expenses on residents. Despite increasing government health expenditure, greater fiscal input into the healthcare sector is still required in China, particularly for rural and grassroots healthcare.

Secondly, hospital expenses account for the majority of total health expenditures in China. Large urban hospitals have ample funds to equip themselves, possibly due to fiscal input, leading to the expansion of hospital scale. This results in increased medical expenses through higher numbers of hospitalizations and an increase in the average payment willingness of patients. And the subsidy from medical insurance will also raise medical expenses (39). Consequently, the funds allocated to the primary medical and health institutions are relatively less, and their expense growth rate is lower, and the proportion also shows a downward trend. If there are phenomena of excessive medical treatment in medical institutions, it will further lead to the unreasonable growth of medical expenses. Analysis of total health expenditure reveals that changes in expenses related to health administrative and medical insurance management institutions have the most significant impact on overall health expenditure. These changes are expected to drive the growth of health expenditure. The impact of hospital expenses and outpatient institution expenses on the overall changes in health expenditure is the smallest. Therefore, the function played by medical insurance is crucial, which can not only provide economic help to patients but also meet the adequacy of health expenditure financing in China.

Moreover, pharmaceutical expenses constitute a substantial portion of healthcare outlays for Chinese patients and significantly influence overall healthcare spending. They also contribute significantly to individual financial burdens associated with medical care. An examination reveals that pharmaceutical expenses in China have increased over time. However, their share relative to total healthcare expenditure has decreased due to regulatory measures introduced in 2016. These measures mandate pricing based on actual procurement cost plus a maximum markup limit set at 15% (35). These measures have curbed reliance on medications as a means to offset medical bills and facilitated rationalization of medical service charges through comprehensive healthcare reforms. Changes in hospital-based pharmaceutical expenses exert notable influence on overall variations in medication outlays while increases in outpatient fees drive aggregate pharmaceutical spending upwards. As a result, both outpatient and hospital-based medications play crucial roles. However, greater efforts are needed compared to developed nations to reduce reliance on medications for covering medical expenses. This leaves ample room for further development within the retail pharmacy sector.

Finally, the proportion of total health expenditures in GDP, which serves as the primary indicator for measuring the coordination between health expenditures and the national economy (40), reflects the level of social investment in healthcare and the degree of attention paid to residents’ healthcare. From the analysis of the results, it can be seen that the proportion of total health expenditures in GDP in China has been increasing steadily, and it has now entered the “7%” stage. It can also be predicted that the proportion of total health expenditures in GDP in China will continue to grow in the future. According to the data released by the World Health Organization (WHO), in 2021, the proportion of total health expenditures in GDP in China ranked 90th in descending order among WHO member countries (41), which still has development potential compared to the world average level.



5 Discussion

Firstly, it is necessary to clarify the policy areas covered by the health expenditure accounting results and determine the key tasks or priority problems to be addressed by policy analysis. Based on this, strike at the crux of the matter and set reasonable standards for the proportion of expenditure. The World Health Organization advocates that the broad government health expenditure ratio should be no less than 5% of GDP and the proportion of personal health cash expenditure in the total health expenditure of the country should be between 15 and 20% (42). If the proportion of personal health expenditure is lower than 15%, few families will suffer from catastrophic health expenditure (43). Therefore, it is recommended that the aforementioned international advisory indicators be established as the ultimate development goal. Suitable standards should be set for each stage, with a fluctuation range to address sudden public health emergencies. Efforts should also be made to ensure adequate investment in health and healthcare.

Secondly, the government should increase its financial support for preventive health services even further. It should also rapidly expand and balance medical resources, strengthen policies on talent training and salary incentives, and enhance the health management capacity of grassroots healthcare institutions. Additionally, efforts should be made to raise individual self-care levels in resisting diseases. The key to implementing the “Healthy China 2030” strategy is to shift the focus of investment from “disease treatment-centered” to “people-centered health,” and strengthen the service level and efficiency of grassroots healthcare institutions, to maximize the health benefits of government preventive spending. The reimbursement ratio for medical insurance can be moderately increased to reduce individual medical expenditures (44). However, it is important to consider the potential negative impact this may have on personal health investment, as well as the issues related to rising healthcare expenditure and fiscal reliance on medical insurance funds. Then, harmful health products such as alcohol, tobacco, and sugary drinks could be subjected to taxation or higher taxes. The revenue generated from these taxes can be allocated for health investment purposes, not only to address immediate health funding needs but also to mitigate long-term spending requirements by improving overall health conditions.

Moreover, China is a large country of generic pharmaceuticals, with about 95% of chemical pharmaceuticals being generics (45). However, due to the relatively backward development of China’s pharmaceutical industry, its generic pharmaceuticals compared with original research pharmaceuticals have a huge gap in quality and effect. Therefore, generic pharmaceuticals must pass the evaluation of consistency, be consistent with original research pharmaceuticals in terms of effective ingredients, dosage, safety, efficacy, and other aspects, and be allowed to be sold on the market. The level of consistency evaluation directly relates to the quality and therapeutic effect of the use of generic pharmaceuticals by patients, and stricter implementation of relevant policy opinions is needed to strictly control the entry threshold and ensure the effectiveness and safety of pharmaceuticals. Accelerating the pace of selection is necessary to improve the supply level of generic pharmaceuticals. There are still gaps in the targeted pharmaceuticals for certain diseases in China. It is essential to monitor the expiration dates of patented pharmaceuticals and expedite the process of updating the recommended list to encourage the production of generic pharmaceuticals, to meet the needs of patients. Promoting the assessment of consistency in generic pharmaceuticals aims to ensure that many generic drugs provide the same therapeutic effects and cost advantages as original research products. This will enable people to access high-quality and affordable medications, thereby reducing the economic burden of pharmaceutical use for residents.

Finally, the government should clarify its responsibilities, rationally control its financial input into the healthcare sector, and make adjustments based on real-time dynamics, ensuring the rationality of its input ratio. Encouraging active participation from all sectors of society in financing the healthcare sector and expanding social healthcare financing channels is crucial. Social healthcare financing plays a key role in ensuring the sustainable funding of China’s healthcare sector, and drawing on international experience can help promote diversified fundraising to meet the diverse healthcare service needs of different groups within the population. Accelerate the development of commercial health insurance and increase its proportion in total healthcare expenditures to increase the total social healthcare financing. Meanwhile, it is important to rationally allocate healthcare resources and stimulate the vitality of grassroots medical and health institutions. This can be achieved by promoting the principle of tiered medical treatment and building a pattern of “treating minor illnesses in communities, major illnesses in hospitals, and rehabilitation back in communities.” These efforts will lead to a continuous reduction in the proportion of out-of-pocket health expenditures in total healthcare expenditures, ultimately alleviating residents’ medical burdens.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

H-yL: Conceptualization, Data curation, Formal analysis, Writing – original draft, Writing – review & editing. R-xZ: Conceptualization, Data curation, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This research was supported by the National Social Science Fund of China (24BSH096, Research on the Policy Effect and the Overall Governance of Coordinated Development on Multi level Medical Security).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Shu-qi, L, Hai-yu, X, Jia-yu, Q, Li-ming, L, Jing-fei, Y, Yu-run, Y , et al. Analysis on the correlation between aging, economic status and health expenditure. Chinese Health Econ. (2022) 41:7–9.


 2. Wei, F, Shu-li, Z, Yu-hui, Z, Pei-pei, C, and Goss, J. Research in health policy making in China: out-of-pocket payments in healthy China 2030. Brit Med J. (2018) 360:k234. doi: 10.1136/bmj.k234


 3. The State Council of the People’s Republic of China
. Notice on the 14th Five-Year Plan for National Medical Insurance. (2021). Available at: http://www.nhsa.gov.cn/art/2021/9/29/art_37_6137.html (Accessed October 30, 2023)


 4. World Health Organization
. The world health report. Geneva: WHO (2010).


 5. Pei-pei, C, Yan, L, Tie-min, Z, Feng, G, Xiao-guang, F, Yu-hui, Z , et al. Results and analysis of national health accounts of China in 2022. Health Econ Res. (2024) 41:14–9. doi: 10.14055/j.cnki.33-1056/f.2024.01.020


 6. Chuang, D
. Fiscal investment, incentive compatibility and reform of China’s disease prevention and control system. J World Econ. (2023) 46:3–31. doi: 10.19985/j.cnki.cassjwe.2023.01.001


 7. Heng-yuan, Zhu
. What is the total investment made by China in healthcare? Caixin Weekly (2017). Available at: http://mis.sem.tsinghua.edu.cn/ueditor/jsp/upload/file/20171222/1513916505001017331 (Accessed July 02, 2024).


 8. Clemente, J, Lázaro-Alquézar, A, and Montanñés, A. US state health expenditure convergence: a revisited analysis. Econ Model. (2019) 83:210–20. doi: 10.1016/j.econmod.2019.02.011


 9. Piscopo, J, Groot, W, and Pavlova, M. Determinants of public health expenditure in the EU. PLoS One. (2024) 19:e0299359. doi: 10.1371/journal.pone.0299359 

 10. Raghupathi, V, and Raghupathi, W. Healthcare expenditure and economic performance: insights from the United States data. Front Public Health. (2020) 8:156. doi: 10.3389/fpubh.2020.00156


 11. Oladosu, AO, Chanimbe, T, and Anaduaka, US. Effect of public health expenditure on health outcomes in Nigeria and Ghana. Health Policy Open. (2022) 3:100072. doi: 10.1016/j.hpopen.2022.100075


 12. Das, T, and Guha, P. The puzzle of public health expenditure and healthcare infrastructure in India: an empirical investigation. Reg Sci Policy Pract. (2023):1–37. doi: 10.1111/rsp3.12710


 13. Hu, Q, and Wang, L. Economic growth effects of public health expenditure in OECD countries: An empirical study using the dynamic panel threshold model. Heliyon. (2024) 10:684. doi: 10.1016/j.heliyon.2024.e25684 

 14. Acharya, A, Wolfson, C, Matta, S, Cardona, C, Lamba, S, and Bishai, D. The role of public health expenditures in COVID-19 control: evidence from local governments in England. SSM Populat Health. (2021) 15:861. doi: 10.1016/j.ssmph.2021.100861 

 15. Si-Miao, C, Kuhn, M, Prettner, K, Bloom, DE, and Wang, C. Macro-level efficiency of health expenditure: estimates for 15 major economies. Soc Sci Med. (2021) 287:114270. doi: 10.1016/j.socscimed.2021.114270


 16. Christopoulos, K, and Eleftheriou, K. The fiscal impact of health care expenditure: evidence from the OECD countries. Econ Anal Policy. (2020) 67:195–202. doi: 10.1016/j.eap.2020.07.010


 17. Feng-hua, Y, Jian, W, and jing-jie, S. Discussing the basic theoretical framework of sub-national total health cost accounting research sampled with Shandong province of China. Chinese health. Serv Manag. (2011) 28:4-5–4-17. doi: 10.3969/j.issn.1674-29822011.11.009


 18. Feng-Hua, Y, Qing-Yue, M, Jian, W, Yan-hua, L, and Zhen, W. The comparative study on the accounting indicators caliber between chinese and international total health expenditure, Chin Health Econ (2010) 29:67–70.


 19. Qiao, L, and Li-qing, L. Development trend and future prospects of total expenditure on health in China. Chin General Pract. (2017) 20:859–64. doi: 10.3969/j.issn.1007-9572.2017.07.019


 20. Ai-tan, Y, Li-hua, W, and Dong-fu, Q. Comparative research on total expenditure on health and its composition between China and other countries. Chin Health Econ. (2005) 24:5–8.


 21. Meng-zhe, Y, Jie, D, Xin-hua, Z, and Yu-hui, Z. Analysis of average outpatient expenditure per visit of public hospitals in Hainan province of China based on degree of structure variation. Med Soc. (2023) 36:109–14. doi: 10.13723/j.yxysh.2023.09.019


 22. Cui-cui, J, and Wan-chu, L. Construction and application of GM (1,1) model in mathematical modeling. Stud College Mathemat. (2023) 26:31–3. doi: 10.3969/j.issn.1008-1399.2023.04.010


 23. Lan-yi, W, and Wang, Q. Prediction of basic medical insurance fund balance in China based on GM (1,1) model. Chin Health Econ. (2021) 40:33–8.


 24. Hao, D, Jing, F, Yan, L, Tie-min, Z, and Quan, W. Research on the effect of compensation mechanism reform in public hospitals in Hebei Province based on degree of structure variation. Chin Health Econ. (2024) 43:1–8.


 25. Xiao-meng, F, and Hong-mei, J. Current situation of medical resource allocation and service utilization in Chinese hospitals based on structural variation analysis, modern. Hospitals. (2024) 24:664–9. doi: 10.3969/j.issn.1671-332X.2024.05.002


 26. Dong-ling, X, Xiao-wei, M, and Yi-xin, W. Analysis of hospitalization expenses for four types of malignant tumors in Sichuan Province of China based on grey correlation and structural variation. Chin Med Record. (2024) 25:75–9.


 27. Teng-yan, W, and Zi-xian, H. Analysis of financing level and structure of total health expenditure from 2011 to 2020 in Guangxi province of China. Soft Sci Health. (2023) 37:69–74. doi: 10.3969/j.issn.1003-2800.2023.09.014


 28. Xie Li-fang, X, and Ai-jun, Q X-b. Financing of total health expenditure in Fujian province of China during 2009-2018 from the perspective of structural variation. Chin Rural Health Ser Admin. (2022) 42:390–4. doi: 10.19955/j.cnki.1005-5916.2022.06.002


 29. Ning, W, Chun-yu, L, Yun-que, B, Meng-jun, Z, and Si-qiu, Y. Structural variation analysis and trends of total expenditure on health in Tianjin province of China. Chin J Med Manag Sci. (2023) 13:26–32. doi: 10.3969/j.issn.2095-7432.2023.06.005


 30. Yan, L, Yu-hui, Z, Quan, W, Xiao-guang, F, Tie-min, Z, Pei-pei, C , et al. Review and prospect of national health accounts in China. Chinese. Health Econ. (2022) 41:9–11.


 31. Yan, L, Yu-hui, Z, Quan, W, Xiao-guang, F, Tie-min, Z, Pei-pei, C , et al. Results and analysis of National Health Accounts in 2020 in China. Health Econ Res. (2022) 39:2–6.


 32. Xin, L, Hong-li, Z, Li-tao, G, and Qing-xi, G. Evaluation of the impact of drug reform on the average cost of outpatients based on the structural variation analysis and the grey relevancy analysis and policy discussion. Drugs Clinic. (2021) 36:1056–60. doi: 10.7501/j.issn.1674-5515.2021.05.040


 33. The State Council of the People’s Republic of China
. Summary of the work of deepening the reform of the medical and health system in 2014 and notice of key tasks in 2015. (2015). Available at: https://www.gov.cn/zhengce/zhengceku/2015–05/09/content_9716.htm (Accessed October 30, 2023)


 34. Li-juan, Y, Yu-qing, Z, Li-fang, Z, and Jian-cun, Z. Study on the influencing factors of drug rational pricing. Chin Hospit. (2018) 22:23–5. doi: 10.19660/j.issn.1671-0592.2018.10.07


 35. The State Council of the People’s Republic of China
. Guiding opinions on the pilot comprehensive reform of urban public hospitals. (2015). Available at: https://www.gov.cn/zhengce/zhengceku/2015–05/17/content_9776.htm (Accessed October 30, 2023)


 36. Paitoon, K
. Factors determining health expenditure in the Asian and the OECD countries. J World Eco. (2017) 5:407–17. doi: 10.1787/eco_studies-2014-5jz0v44s66nw


 37. Shi-yu, LI, and Jun-xin, F. Re-measuring the impact of demographic structure on health costs in China: an estimate based on an improved factor decomposition method. Populat Econ. (2023) 3:100–16. doi: 10.3969/j.issn.1000-4149.2023.00.031


 38. Analysis on the impact of urbanization
. Aging, government health expenditure on China’s total health expenditure. Chin Health Econ. (2019) 9:42–6.


 39. Heng-peng, Z, Yang, Y, and Ji, X. Effects of public expenditures on health care cost in China. J World Econ. (2021) 12:149–67.


 40. Zhao-mei, Z, and Xiao-ming, C. A study on the law between health expenditure and economy development in China and OECD countries. Chin Hospit Manag. (2006) 26:14–7.


 41. World Health Organization
. Global health expenditure database. (2023) Available at: http://apps.who.int/nha/database/Select/Indicators/en (Accessed December 29, 2023).


 42. Jian, C
. On health equity. Chin Rural Health Ser Admin. (2022) 42:2–9. doi: 10.19955/j.cnki.1005-5916.2022.01.001


 43. Quan, W, Tao, L, Pei-pei, C, Feng, G, Xiao-guang, F, Tie-min, Z , et al. Study on monitoring and evaluation of the share of out-of-pocket payment in total health expenditure in China and its prediction. Chin Health Econ. (2021) 40:33–6.


 44. Shu-sen, W, and Cheng-yu, Y. Government health expenditure, individual health investment and welfare n China. Econ Res J. (2023) 58:190–208.


 45. Li Dong, D, and Hong-jin, ZY. Analysis and discussion of generic drug consistency evaluation in NMPA and relevant drug policies in FDA and PMDA. Chin J New Drugs. (2021) 30:1164–7.



Copyright
 © 2024 Li and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.







 


	
	
ORIGINAL RESEARCH
published: 02 October 2024
doi: 10.3389/fpubh.2024.1407568








[image: image2]

Management of myocardial infarction with non-obstructive coronary arteries (MINOCA) in Germany: a single-center study on hospital resources and healthcare economics

Franz Haertel1*, Carolin Montag1, Thomas Kraeplin1, Bernward Lauer1, Nedim Memisevic1, Sven Moebius-Winkler1, P. Christian Schulze1 and Sylvia Otto1,2


1Klinik für Innere Medizin I, Kardiologie, Universitaetsklinikum Jena, Jena, Germany

2Herz - und Gefäßpraxis Gera, Gera, Germany

Edited by
 Xiaozhen Lai, Peking University, China

Reviewed by
 Eduardo Fernandez, University of Salamanca, Spain
 Sivabaskari Pasupathy, University of Adelaide, Australia

*Correspondence
 Franz Haertel, Franz.Haertel@med.uni-jena.de 

Received 26 March 2024
 Accepted 27 August 2024
 Published 02 October 2024

Citation
 Haertel F, Montag C, Kraeplin T, Lauer B, Memisevic N, Moebius-Winkler S, Schulze PC and Otto S (2024) Management of myocardial infarction with non-obstructive coronary arteries (MINOCA) in Germany: a single-center study on hospital resources and healthcare economics. Front. Public Health 12:1407568. doi: 10.3389/fpubh.2024.1407568
 

Background: Patients with myocardial infarction with non-obstructive coronary arteries (MINOCA) present as a main feature ≤50% stenosis upon angiography despite clinical symptoms and biomarker elevation related to acute coronary syndrome. Due to broad availability of high sensitivity troponin testing as well as invasive and non-invasive imaging, this clinical entity receives increasing clinical awareness.

Objective: We aimed to investigate the in-hospital work flow and economic impact of MINOCA vs. MICAD (myocardial infarction with obstructive coronary artery disease) patients and related clinical outcomes in a single-center patient collective of a large university heart center in Germany.

Methods: We retrospectively screened and analyzed all patients who were admitted to our hospital under the suspicion of an acute coronary syndrome within a 12-month period (2017–2018) for further diagnostics and treatment. All included patients showed a pathological troponin elevation and received invasive coronary angiography for acute coronary syndrome. Associated in-hospital costs, procedural and various clinical parameters as well as timelines and parameters of work-flow were obtained.

Results: After screening of 3,021 patients, we included 660 patients with acute coronary syndrome. Of those, 118 patients were attributed to the MINOCA-group. 542 patients presented with a “classical” myocardial infarction (MICAD group). MINOCA patients were less frail, more likely female, but showed no relevant difference in age or other selected comorbidities except for fewer cases of diabetes. In-hospital mortality (11% vs. 0%; p < 0.001) and 30-day mortality (17.3% vs. 4.2%; p < 0.001) after the index event were significantly higher in the “classical” myocardial infarction group (MICAD)- Despite a shorter overall length of hospital stay (9.5 ± 8.7 days vs. 12.3 ± 10.5 days, p < 0.01) with a significantly shorter duration of high care monitoring (intensive/intermediate care or chest pain units) (2.4 ± 2.1 days vs. 4.7 ± 3.3 days, p < 0.01) MINOCA patients consumed a relevant contingent of hospital resources. Thus, in a 12-months period a total sum of almost 300 days was attributed to high care monitoring for MINOCA patients with a mean difference of approximately 50% compared to patients with classical myocardial infarction. With average and median costs of 50% less per index, MINOCA treatment costs were lower compared to the MICAD group in the hospital reimbursement system of Germany. Consequently, MINOCA treatment was not associated with a relevant profit for these expanses and a relevant share of nearly 40% of the total costs was generated due to high care monitoring.

Conclusion: In light of lower mortality than MICAD and growing scarcity of staff, financial and capacity resources the clinical symptom complex of MINOCA should be put under particular consideration for refining care concepts and resource allocation.
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Introduction

Myocardial infarction with non-obstructive coronary artery disease (MINOCA) is a clinical entity characterized by acute myocardial infarction (AMI) fulfilling the universal AMI criteria (1), the absence of significant coronary artery disease (CAD; stenosis ≥50%) in any coronary artery determined by invasive angiography and no clinically overt specific cause for acute presentation (2).

The prevalence of MINOCA may vary (3). MINOCA has been reported to occur in approximately 6% of patients with AMI (4), other estimates range from a mere 3.5% to a relevant share of up to 25% (2, 5–8) depending on the population being studied and the criteria used to define MINOCA. Consensus statements defining MINOCA by applying specific criteria and diagnostic algorithms have been published in the past years by the European and American cardiac societies (2, 5, 9). However, epicardial and microvascular causes or associated risk factors are overlapping, and establishment of a definite diagnosis can be challenging in clinical practice.

Despite an almost exclusively conservative treatment for MINOCA patients (7, 10–12), this disease entity still utilizes financial and capacity resources including high care monitoring and an in-hospital treatment (13).

At the moment, a health care expenditure discourse is emerging in the western world, particularly in high-income countries such as Germany (14). Recent data clearly show higher than ever growing health care costs per capita in Germany that do not translate to longevity advantages (14). On the contrary, an economically strong country like Germany can be viewed as a “poor performer” compared to other nations regarding health care outcomes (14). This discrepancy between rising health care costs per capita and no added benefit or even a decrease in life expectancy in Germany is creating a growing awareness for a more cautious resource allocation (14).

In light of this context, data on in-hospital resource management and economic aspects for the clinical entity of MINOCA are scarce and new insights are strongly needed.



Aim of the study

The present study aimed to investigates clinical characteristics, prognosis, in-hospital workflow, and consequently economic impact of MINOCA patients compared to “classical” AMI patients [myocardial infarction with obstructive coronary artery disease (MICAD)], and analyses potential implications for hospital resource management of MINOCA.



Materials and methods


Study design

At the University Hospital Jena, Germany, a “MINOCA database” was established in April 2017 as the foundation for the data used in this study. The study received approval from the medical faculty’s ethics commission at the Friedrich-Schiller University Jena (registry number: 2018-11-35-Daten). This study is a single-center, retrospective study that analyzed data from a one-year period (April 2017 to May 2018) and was conducted in accordance with the Declaration of Helsinki.



Patient population

The study screened in a first step all patients who received invasive coronary diagnostics for a working diagnosis of acute coronary syndrome (ACS), including ST-elevation myocardial infarction (STEMI) and non-ST elevation myocardial infarction (NSTEMI) as well as elevated troponin levels with no or indistinct signs of myocardial ischemia. From this population, patients were selected further for suspected MINOCA. Cases were assessed using a specific diagnostic algorithm designed to distinguish MINOCA from other causes involving non-ischemic mechanisms in line with a previous study (9).

Patients who received a coronary angiography for other indications such as elective or preoperative diagnostics or who had normal cTn levels were excluded from the study.

We used the “Universal definition of myocardial infarction (UDMI)” from 2018 for elevation of cTn levels to define AMI (1): “detection of an elevated cTn value above the 99th percentile upper reference level (URL) is defined as myocardial injury.” For an acute injury, cTn values had to elevated and/or rise. Additionally, a clinical constellation compatible with acute myocardial injury (typical ischemic symptoms, new ischemic electrocardiogram (ECG) – changes or new pathological Q-waves, imaging evidence of loss of viable myocardium or new regional wall abnormalities, or detection of intracoronary thrombus) was necessary. For evaluation of the clinical constellation, the working diagnosis of in-hospital course was considered and reevaluated in the aforementioned process.



Definition of MINOCA diagnosis

Definition of MINOCA was based on current consensus and guidelines (2, 9, 15). First, the working diagnosis of MINOCA was established on the initial presentation of the patient and all relevant information using the hospital information system upon coronary angiography, if the following criteria were fulfilled: universal AMI criteria, non-obstructive coronary arteries <50% in any potentially infarct-related artery and no clinically overt specific cause for the acute presentation during initial work-up and upon decision for coronary angiography.

All included cases were retrospectively reviewed and reanalyzed regarding the final diagnosis of MICAD or MINOCA using all available information from the hospital information system (e.g., laboratory values, imaging results, angiographic results). In case of incongruent findings, final diagnosis was established by clinical consensus reading by two investigators (C.M. and S.O.).

Due to the retrospective nature of this study, patients with a specific alternative diagnosis such as pulmonary embolism, sepsis, Tako-Tsubo syndrome, myocarditis or other non-cardiac cTn elevation [e.g., stroke, acute respiratory distress syndrome (ARDS)] were excluded.

In addition, radiological findings were analyzed to determine if and which imaging was performed (cardiac magnetic resonance imaging (MRI), coronary computed tomography (CT) angiography, myocardial scintigraphy).



Troponin test

cTn testing was conducted utilizing the Cobas e 801© module, a component of the Roche Cobas 8,000© system by Roche© employing the ElectroChemiLuminescence Immunoassay (ECLIA) methodology. The reference values at our study site for normal troponin levels were established as <9 pg./mL for women and < 16.8 pg./mL for men. Notably, concentrations of cTn exceeding the 99th centile of the URL were considered elevated as mentioned above.



Data management

Various demographic, clinical and procedural parameters, as well as laboratory parameters and diagnostic work-up were collected and anonymously registered using the SAP® electronic patient management system (SAP®, Walldorf, Germany). Also, emergency medical protocols (obtained from emergency medical services (EMS) and the emergency department) were used for confirming the initial working diagnosis MINOCA. We determined in-hospital and 30-day mortality as both all-cause and cardiovascular mortality.

The electronic documentation system of the cardiac catheterization laboratory, cardWorks® (Schwarzer Cardiotek GmbH, Heilbronn, Germany), and coronary angiography findings were reviewed and provided specific clinical parameters such as ejection fraction, heart rate, and blood pressure, as well as information on the interventions performed, percutaneous coronary intervention (PCI), and intracoronary imaging [optical coherence tomography (OCT) or intravascular ultrasound (IVUS)]. The degree of stenosis in diagnosed CAD (exclusion, mild CAD with stenosis <50%; manifest CAD with stenosis ≥50%) were determined.



In-hospital workflow data

We collected logistical data that were obtained from specific time points that every patient underwent within the hospital from first presentation to diagnostics and to discharge. Relevant parameters and measurements that we investigated were: primary point of contact with the hospital (e.g., emergency department), rate of admission to high-care monitoring, time interval between admission to the hospital and arrival in the catheterization laboratory, length of in-hospital stay, length of high care monitoring, mode and time of admission to the hospital and seasonal distribution of admission among others.



Economic data

Costs associated with the studied patients were derived from the German health care insurance reimbursement system. In Germany, hospital costs/health care services are classified and reimbursed through the so-called Diagnosis Related Groups (DRG) system. It operates on a case-based payment model, assigning a fixed reimbursement amount for each patient case, considering factors like diagnosis, procedures, age, and gender. This system aims to streamline billing processes, enhancing transparency and efficiency in healthcare services.

Key features of the German DRG system include:

Case-Based Payments: Hospitals receive a predetermined reimbursement for each case, covering all associated costs related to a specific condition or procedure.

Patient Classification: Patients are categorized into specific DRGs based on diagnoses and procedures, with each DRG having an associated base rate that is adjusted based on factors such as age and comorbidities.

Grouping Criteria: The classification of patients into DRGs relies on standardized criteria, including primary and secondary diagnoses, procedures, age, and other relevant factors.

Coding System: Accurate coding of diagnoses and procedures using the international classification of diseases (ICD) and operational and procedural system (OPS) coding systems is crucial for correct DRG assignment.

Transparent Reimbursement: The DRG system provides transparency by specifying in advance the reimbursement amount for each case, enabling hospitals to make informed decisions about resource allocation and budgeting.

Updates and Adjustments: Periodic updates ensure the DRG system remains current, reflecting changes in medical practices, technology, and healthcare policies.

To characterize the economic impact of MINOCA, the costs (in EUR) were categorized as follows: (1) procedures, which included invasive angiography and additional intravascular imaging if necessary, (2) high-care monitoring such as intensive care unit (ICU), intermediate care unit (IMC), and chest pain unit (CPU), including costs for medical supplies, care, medication, ventilation, dialysis, and extracorporeal circulatory support, (3) regular ward, which included costs for medical supplies, care, and medication, and (4) total cost.



Statistical analysis

Analyses were done using SPSS Statistics (version 27.0, SPSS Inc., IBM, Armonk, New York). A p-value less than 0.05 was considered statistically significant, a p-value <0.1 was considered a trend. Baseline parameters are presented descriptively including whole integers and percentages. The data was analyzed by Kolmogorov-Smirnov test for normal distribution and the appropriate statistical tests were applied. The frequency of nominally scaled parameters was compared using Pearson’s chi-squared test. Variables are expressed as mean ± standard deviation (Mean ± SD) and the t-test for independent samples and one-way analysis of variance were used for mean comparisons. Non-normally distributed data were expressed as median with interquartile range (Median [IQR: 25th percentile–75th percentile]) and compared using the Mann-Whitney U-test. The diagrams depicted were generated using SPSS Statistics.




Results


Study population and clinical characteristics

In the time frame of 12 months, 3,021 patients were screened. A total of 660 patients were included in the study. Of those, 542 patients (82%) were attributed to the MICAD group and 118 patients (18%) formed the MINOCA group (Figure 1). Table 1 summarizes the baseline characteristics for the entire study population. The prevalence of MINOCA was 18% in our study population of patients presenting with ACS symptoms.
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FIGURE 1
 Flow chart of the patient selection for this study. MINOCA, myocardial infarction with non-obstructive coronary arteries; MICAD, myocardial infarction with obstructive coronary artery disease [ST elevation myocardial infarction (STEMI) and non-ST elevation myocardial infarction (NSTEMI)]; N, absolute number; cTn, cardiac troponin; URL, upper reference level; AMI, acute myocardial infarction; IRA, infarct related artery.




TABLE 1 Baseline characteristics.
[image: Table1]

The total study population included 62.6% men (413 patients) and 37.4% women (247 patients). The age at presentation ranged from 25 to 96 years, with a mean of 68.8 ± 12.8 and a median of 72 [60–79] years. MINOCA patients were more likely female (59.3% vs. 32.7% p < 0.001), but showed no difference in age compared to the MICAD group.

A better left ventricular ejection fraction (56.1 ± 15.6% vs. 41.8 ± 14.9%; p < 0.001) and more hypertensive blood pressure values (151.9 ± 38.1 mmHg vs. 139.6 ± 35.4 mmHg; p < 0.001) prior to the angiography were found in MINOCA patients.

In general, the presence of diabetes mellitus, hypertension or multimorbidity seem to be important co-factors for the occurrence of cardiovascular diseases in both groups (Table 1).



Biomarkers

Upon presentation, MINOCA patients showed lower cardiac biomarkers (troponin: 821.1 pg. / ml [197.1–3642.4] vs. 6761.6 pg. / ml [729.5–35908.5]; p < 0.001; CK: 2.5 pg. / ml [1.8–4.7] vs. 5.8 pg./mL [2.7–18.6]; p < 0.001) (Table 1). All but two patients in the MINOCA-cohort, and all patients in the MICAD-cohort had a clear troponin elevation >5 x URL.

There was no statistically significant difference in the minimal hemoglobin levels between the two groups (7.03 ± 1.48 mmoL/L vs. 6.79 ± 1.63 mmoL/L; p < 0.238). The leukocyte count was found to be significantly higher in the MICAD group compared to the MINOCA group (14.29 ± 6.67 Gpt/l vs. 12.83 ± 13.68 Gpt/l; p < 0.001). Moreover, maximal CRP levels were significantly higher in the MICAD group compared to the MINOCA group (84.70 ± 106.18 mg/L vs. 66.24 ± 91.99 mg/L; p < 0.004). Although there was no statistically significant difference in the GFR (65.64 ± 24.68 mL/min vs. 67.26 ± 26.74 mL/min; p = 0.482) and serum creatinine levels (106.3 ± 83.45 μmoL/L vs. 110.88 ± 84.21 μmoL/L; p = 0.173) between the two groups at admission, the serum creatinine levels in the MICAD group were significantly higher than in the MINOCA group during the follow-up period (93.92 ± 68.81 μmoL/L vs. 109.62 ± 86.56 μmoL/L; p = 0.003) (Table 1).



Mortality and outcomes

The total study population had a 30-day all-cause mortality rate of 15% (99 patients). Compared to the MINOCA group, the MICAD group had significantly higher rates of all-cause in-hospital mortality (11% vs. 0%, p < 0.001) and all-cause 30-day mortality (17.3% vs. 4.2%, p < 0.001) following the clinical index event (Table 1). The majority of both in-hospital and 30-day mortality cases were attributed to cardiovascular causes.



Organizational work-flow and in-hospital resources

The emergency department was the primary point and most common mode of hospital admission for >70% of the entire patient cohort with no difference between MICAD and MINOCA patients (Table 1). Approximately 50% of the patients arrived in the afternoon but still within regular working hours on a weekday. MINOCA patients were less present during the weekend [compared to MICAD patients (8.5% vs. 19.7%; p = 0.01, Table 1)]. With regard to potential seasonal fluctuations of these entities, both MINOCA and MICAD cases showed a similar pattern with two peaks in late spring and late fall (Figure 2).
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FIGURE 2
 Seasonal distribution of the study population. Comparison of MINOCA (orange) vs. MICAD (blue); MINOCA, myocardial infarction with non-obstructive coronary arteries. MICAD, myocardial infarction with obstructive coronary artery disease [ST elevation myocardial infarction (STEMI) and non-ST elevation myocardial infarction (NSTEMI)].


MINOCA patients were more likely to receive coronary angiography later after admission (43.1 h [10.4–117.6] vs. 9.1 h [1.1–59.9]; p < 0.001) (Table 1).

Overall, both MINOCA and MICAD required relevant, approximately one-week long in-hospital treatment. However, length-of-hospital stay (mean: 9.5 ± 8.7 days vs. 12.5 ± 10.5 days; p < 0.01; median: 8.0 days (5–14) vs. 7.0 days (4–11); p = 0.023) was significantly shorter in the MINOCA group compared to MICADs.

Demands for high care monitoring (ICU, IMC, CPU), showed significant differences for admission rates (61.9% vs. 89.9%; p < 0.01) and length of stay in these units (mean: 2.4 ± 2.1 days vs. 4.7 ± 3.3 days; p < 0.01; median: 1.9 days [1.1–4.4] vs. 1.5 days [0.4–2.7]; p = 0.01) between MINOCA and MICAD patients. Nevertheless, a total sum of 298.4 days was utilized solely by MINOCA patients for high care monitoring in a 12-months period (Figure 3).
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FIGURE 3
 Absolute number of days of MINOCA patients in high care monitoring (orange) and without high-care monitoring (blue). MINOCA, myocardial infarction with non-obstructive coronary arteries.




Analyses of in-hospital costs and reimbursement

With average and median costs of 6871.5 ± 5670.8 EUR and 3585.2 [3461.4–10167.2] EUR per index, MINOCA treatment costs were lower compared to the MICAD group (mean: 13045.9 ± 7896.9 EUR; p = 0.02; median: 5958.9 [4682.7–16654.9] EUR; p < 0.01) with a mean difference of approximately 6,000–7,000 EUR. However, MINOCA treatment was not associated with a relevant profit for these expanses (mean: 198.1 ± 4329.2 EUR//median: 0 (−1702.6–1405.1) EUR) in the German health care system.

For MINOCA patients, 36.2% of the total costs were attributed to high care monitoring and 41.5% to regular ward care, in comparison, these expenditures for MICAD patients were 24.8 and 22.6%, respectively (Figure 4).
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FIGURE 4
 Median total hospital cost per index for MICAD and MINOCA patients and the respective cost category in group comparison. Definition: Procedures = invasive angiography including additional intravascular imaging if necessary. High-care monitoring = intensive care unit (ICU), intermediate care unit (IMC), and chest pain unit (CPU) including costs for medical supplies, care, medication, ventilation, dialysis, and extracorporeal circulatory support. Regular ward = regular admission including costs for medical supplies, care, and medication. MINOCA, myocardial infarction with non-obstructive coronary arteries; MICAD, myocardial infarction with obstructive coronary artery disease.





Discussion

The aim of this study was to investigate the procedural and economic impact of MINOCA patients compared to those with “true myocardial” infarction and related clinical outcomes in a single-center patient collective of a large university heart center in Germany. Our results showed that MINOCA patients had lower cardiac biomarkers, a better and mostly preserved left ventricular ejection fraction, and showed no differences in age, very low in-hospital and 30-day mortality.

Although MINOCA patients had shorter hospital stays and spent less time in high care units, they still required significant in-hospital resources over a 12-month period. Treatment costs were lower for MINOCA patients but did not result in significant profit from the German diagnosis-related group (DRG) system. These findings underscore the importance of distinguishing between MINOCA and MICAD in patient management and resource allocation, especially in the context of limited resources.


Classification and prevalence of MINOCA

The diagnosis of MINOCA was made based on the initial presentation of the patient together with criteria adapted from Agewall et al. (2) from European Society of Cardiology (ESC) working group position paper on myocardial infarction with non-obstructive coronary arteries.

Recently, there has been further refinement of terminology based on pathophysiology of MINOCA. The term MINOCA should be reserved for patients with evidence of ischemia-related myocardial necrosis, and thus is suggestive for an epicardial cause of AMI such as coronary dissection, coronary artery spasm or coronary plaque (rupture or erosion). Whereas the novel term TpNOCA (Troponin-positive with non-obstructive coronary arteries) was formed and refers to normal or regional wall abnormalities with a microvascular pattern (e.g., Tako-Tsubo-Syndrome, myocarditis, coronary microvascular spasm or coronary embolism) (6).

Per definition MINOCA is used as a “working diagnosis” and should not be considered after a specific cardiac (coronary or non-coronary) or extra-cardiac condition has been identified. However, current consensus (6, 15, 16) also utilizes “unclassified MINOCA” (= MINOCA-working diagnosis vs. unclassified MINOCA) as a specific cardiac condition after additional investigation such as vascular function tests. Non-invasive and intracoronary imaging, as well as extra-cardiac work-up. After this diagnostic process, an alternative diagnosis (e.g., sepsis, pulmonary embolism, cardiac contusion) or cardiac/coronary diagnosis (e.g., Tako-Tsubo syndrome, myocarditis, coronary dissection or thrombus) can be established.

However, since our work is a retrospective analysis, patients correctly attributed to the MINOCA group remained MINOCA patients but the final, specific diagnosis (if established) was determined and documented in our database. One could argue, if an alternative diagnosis such as sepsis or pulmonary embolism should even be considered as a MINOCA working diagnoses or if the clinical context was misjudged or not overtly present during the initial patient assessment. Furthermore, MINOCA or TpNOCA terminology should solely be attributed to epicardial or myocardial pathophysiological causes of myocardial injury. This however, is an ongoing debate (6, 15–18). Despite its many advantages, it must also be said that the use of hs-cTnT test themselves might “produce” the diagnosis of MINOCA as the reliability of positive values is challenged by noncoronary causes and thus contributes to over-diagnosis and over-investigation (19, 20).

With a share of 18%, MINOCA patients make up a significant proportion of all myocardial infarctions in the analyzed patient population. Regarding the prevalence of MINOCA, there have been many discrepancies and no clear statements in recent years due to the lack of a uniform definition: The term “MINCA” was already described in 2000, encompassing myocardial infarctions in patients without atherosclerosis of the epicardial vessels (21). According to the study conducted at that time, these patients had a lower cardiovascular risk profile and an “excellent” prognosis (21). The term MINCA was replaced by MINOCA by John Beltrame et al. (22, 23), so that patients with angiographic stenosis between 1 and 50% were also included (23).

The position paper of the ESC states the prevalence of MINOCA to be 1–13% of all patients with acute myocardial infarction (2) and a systematic review by Pasupathy et al. (4) based on 28 publications reveals a prevalence of approximately 6% of patients presenting with ACS symptoms. A prospective multicenter large-scale cohort study by Lawless et al. (24) with 13.202 patients determined a 10.9% prevalence of MINOCA patients in this collective and two very recent studies, one prospective by Bergamaschi et al. (5) and one retrospective meta-analysis by Mileva et al. (25) reported 6 and 22%, respectively.

Our own study findings corroborate a comparable percentage of 17.9% within an ACS collective despite its retrospective nature and excluding diagnosis like pulmonary embolism or sepsis. This might be due to improvement of early screening methods, the use of high-sensitive troponin assays, and possibly a higher awareness of MINOCA as an ACS entity (26).

Intracoronary imaging such as IVUS or OCT was performed in only 16 patients (2.4%) of the entire study cohort, which is rather low. However, we believe it reflects the true real-life situation and might be a bit higher today (5 years forward) due to the increasing evidence and clear guideline recommendations. The strength of our work is the angiography that was carried out for all patients and is not required in all ACS patients regarding current guidelines. Therefore, one could speculate that in an ACS cohort of patients without 100% invasive diagnostic the prevalence of MINOCA might be even higher.



Comorbidities, high-sensitivity troponin assays and mortality

The gender distribution in this study is in slight favor for women (59.3%). With a median of 74 years [60–79] and average age of 69.8 ± 12.7 years, there were no significant differences in terms of age between the two groups. This is consistent with the work published in 2022 by published in 2022 by Lopez-Pais et al. (26). Here, an average age of 64.6 ± 14.9 years or 66.7 ± 13.5 years was described (26). In the VIRGO study, MINOCA was more often found in younger patients; these patients were more likely to have an NSTEMI and fewer traditional cardiac risk factors than patients with MICAD (27). Contrary to the VIRGO study, the MINOCA patients in the described collective were not significantly younger, which contradicts the assumption that MINOCA is supposedly a disease of younger people.

Comorbidities and cardiovascular risk factors were evenly distributed in the study cohort; and without differences between MICAD and MINOCA patients with the exception of a preexisting type 2 diabetes, which was more often seen in the MICAD group.

Troponin is considered an important prognostic marker (15). MINOCA patients have significantly lower concentrations of cardiac necrosis markers as opposed to classical myocardial infarction where the massive release of hs-cTnT (high sensitive cardiac troponin T) occurs as a result of significant damage to the supplied myocardial area due to the immediate total or subtotal occlusion of a coronary artery (15, 28). Moreover, an acute troponin elevation of >5 x URL has a very high positive predictive value for myocardial ischemia compared to troponin elevation ≤3 x URL (8, 9, 29).

Since this is not the case in MINOCA, it can be assumed that there is a lower release of troponin.

This could partially explain why MINOCA patients had a lower mortality rate. Although the MINOCA group had no in-hospital deaths, their 30-day mortality rate of 4.2% was significantly lower than the 17.3% observed in the classic myocardial infarction group. However, this mortality rate should still be regarded as substantial and clinically relevant. The study by Lawless et al. (24) mentioned earlier, which compared female and male MINOCA patients, reported an in-hospital mortality of 2.1 to 3.2%; a 1-year mortality of 6.9 to 9.2% and long-term mortality 11.2 to 14.2%. A more recent study by Bergamaschi et al. (5) reports a mean mortality rate of 8.1% (over a period of 33.7 ± 12.0 months).

Left ventricular ejection fraction at admission was better in the MINOCA group, which could potentially speak for a better long-term prognosis for MINOCA patients. However, it is extremely difficult to make a specific statement about long-term prognosis due to the large heterogeneity of available registries. For example, Lopez-Pais et al. (26) describe similar complications such as reinfarction, severe bleeding, stroke, pulmonary edema, or shock in 13.8% of MINOCA patients vs. 17.6% in MICAD (p = 0.335).



Economic aspects and in-hospital resource management

While the DRG system promotes standardization and transparency, critics argue that it may incentivize hospitals to increase case volume to maximize revenue. Concerns also exist about potential underpayment for complex cases requiring more resources.

In 2020, healthcare expenditure in Germany amounted to 13.1% of GDP (Federal Statistical Office of Germany). Ischemic heart diseases and acute myocardial infarction accounted for 10.8 billion Euros (73.8% attributed to ischemic heart, 26.2% acute myocardial infarction), which is a 15.3% increase from 2015. As the population ages and risk factors increase, these costs are likely to continue to rise. It is worth mentioning that Germany has already the highest per capita expenditures annually for cardiovascular diseases and with more than 900 Euros per person, Germany is also the unchallenged leader in cardiovascular disease expenditures in Europe (average costs 630 EUR/person/year) (14, 30).

Therefore, accurately differentiating between real AMIs and MINOCAs is essential for effective resource allocation and management of costs.

The true costs of treatment and management for patients with MINOCA with regard to high care monitoring, such as in an ICU, are currently unknown and can only be approximated based on the known costs of ICU patients with underlying cardiovascular diseases.

In the context of cost considerations, our research shows a variability within the data, indicating that there may be outliers or a high degree of heterogeneity within the MINOCA and MICAD patient population. In our analysis, this variability can be attributed to differences in patient demographics, comorbidities, and the severity of conditions within the MINOCA and MICAD groups that required different length of stay in hospital and in a high care unit expressed through varying health care cost expenditures. The variability in costs and resource utilization underscores the need for personalized approaches in managing MINOCA and MICAD patients, as standardized protocols may not adequately address the diverse needs of the patient population. It is important to recognize that our cost analysis is based on healthcare resource data specific to Germany, and may not be fully applicable to other countries, including those within Europe. Nevertheless, factors such as in-hospital treatment, duration of high care monitoring or total length of stay offer valuable insights into resource utilization and are comparable for different health care systems.

Whether a patient with MINOCA should receive high care monitoring or a normal admission may depend on the severity of their condition and their overall prognosis. Some patients with MINOCA may be able to receive care on a normal hospital ward, while others may require more intensive care or a specialized cardiac unit. A non-existing in-hospital and significantly lower 30-day mortality in the MINOCA group after the clinical index event speak for a generally more favorable course compared to “true infarctions.”

Given limited personnel and financial resources and the obligation to be economically viable, it would be advisable to establish an effective treatment path at the first contact with the patient, which occurs in over 70% via the emergency department, in order to make organizational and administrative processes as efficient as possible. One approach could be the consistent application of the 1 h algorithm recommended by the ESC (31). A faster “rule-in” allows infarction patients to be treated earlier, avoiding long-term complications and mortality due to delayed diagnosis; and ultimately reduces resource consumption and costs (31).

The early use of computed tomography (CT) to rule out CAD might allow a step-down approach, e.g., early discharge or admission to a regular ward for further diagnostic work-up for patients who generally carry a low to intermediate risk, and would avoid an overuse of high care monitoring capacities (32, 33).

Another way to diagnose MINOCA is through cardiac MRI or invasive coronary imaging and vascular function tests such as IVUS, OCT or pressure wire (2, 17, 18). These methods provide additional information that can help differentiate MINOCA from other types of heart disease (2, 17, 18). It is important to note that these diagnostic tests should not be performed in an outpatient setting. Rather, they require specialized expertise and infrastructure available at a hospital or specialized center.

However, further research is needed to better understand different causes of MINOCA, and ultimately formulate recommendations for risk stratification and management of MINOCA.




Limitations

This is a single-center and retrospective study with associated limitations and missing data in some cases. A potential bias cannot be excluded. The study was conducted at a large university heart center in Germany. Therefore, economic analysis and derived implications can only be formulated for the German health care system.

The presence of wide standard deviations suggests that while our mean estimates provide a central tendency of expenditure for MINOCA, there is a substantial variability that needs to be considered when interpreting the results. Clinicians should be aware of the variability of the costs and consider individual patient characteristics and contextual factors when applying our study findings.

Other aspects that should be considered as limitations but can be the focus of future studies include: the rate of readmissions/ medication compliance /medication rate/quality of life of MICAD vs. MINOCA patients.



Conclusion

Despite MINOCA requiring an almost exclusively conservative treatment it utilizes relevant financial and medical resources including experienced personal, an interdisciplinary team, high care monitoring and an in-hospital treatment of relevant length. Regarding scarcity of structural and personnel resources, this entity should be put under particular consideration for refining care concepts and identification of patients suitable for early discharge and outpatient care.
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Introduction/objectives: More than half of South Africa’s population lives in poverty, with significant health disparities across different regions. This study investigates the effects of regional poverty and historical economic factors on the efficacy of public health expenditure to understand how socioeconomic contexts influence overall public health outcomes.

Methods: Our study utilized annual data from 2005 to 2019 for 9 provinces, drawing from the General Household Survey, Health Systems Trust database, and National Treasury’s Intergovernmental Fiscal Review. The primary health outcome was life expectancy at birth, while public health expenditure per capita was the main independent variable. We developed the Provincial Index of Multiple Deprivation to assess poverty, incorporating dimensions such as health, education, and living standards. We employed a two-way fixed effects model to examine the complex relationships between regional poverty, public health spending, and health outcomes.

Results: The study found that poverty levels moderate the impact of public health spending on health outcomes, as evidenced by varying results across different provincial regions. Health outcomes in poorer provinces were less influenced by public health spending than wealthier regions. Additionally, the study established that income per capita, along with its lagged values and the lagged values of public health expenditure per capita, did not significantly affect health outcomes as measured by life expectancy.

Conclusion/recommendations: The impact of health expenditure in South Africa is influenced by regional poverty levels. To maximize the effectiveness of health spending, equitable, region-specific interventions tailored to address the unique health challenges of each area should be implemented.
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1 Introduction

Poverty is a significant challenge in South Africa that profoundly affects the well-being and quality of life of a large portion of the population. Based on the upper-middle income poverty line of R1,499 per person per month, the World Bank estimates the country’s poverty rate at 62.2% (1). Furthermore, the extent and severity of poverty vary widely across different regions. These disparities reflect the nation’s historical and structural inequalities, particularly affecting rural and underdeveloped areas.

The apartheid system, designed to segregate Black and White populations, was largely responsible for the significant socioeconomic disparities closely tied to regional inequalities in South Africa (2). During apartheid, Black South Africans were forcibly relocated to underdeveloped rural areas known as homelands or Bantustans, while white South Africans resided in well-developed urban centers (3). Consequently, wealthier provinces were predominantly home to white populations, while most black South Africans resided in poorer provinces. Urban areas benefited from extensive infrastructure and resources. However, the demand for labor in cities led to the creation of informal urban settlements for Black workers, as apartheid laws prohibited racial integration in urban residential neighborhoods (4). In rural regions, land governance varied: Some areas were controlled by traditional chiefs, where land was communally held and private ownership was restricted (5); other rural areas followed conventional governance systems, allowing for private ownership of key assets such as land (5). This divergence in governance structures contributed to stark differences in socioeconomic development across rural regions. These regional and socioeconomic disparities, deeply rooted in apartheid policies, have persisted post-apartheid, maintaining an uneven distribution of wealth and resources across different municipalities and provinces in South Africa (6).

Widespread poverty creates significant health challenges, limiting access to essential items such as proper nutrition, sanitation, and healthcare. This deprivation heightens vulnerability to infectious diseases, chronic conditions, and the hazards associated with violence and accidents (7). Poverty also shapes health behaviors, often resulting in low awareness and diminished demand for healthcare and preventive services (8). As a result, poverty exacerbates health problems and hinders the achievement of optimal health outcomes.

In this context, public health expenditure is vital in influencing health outcomes. However, its effectiveness varies across South Africa’s diverse socioeconomic landscape, with regional poverty levels and other factors affecting the demand for and the supply of health services (9). This raises important questions about the equitable distribution and impact of public health resources in these regions.

Bidzha analyzed data from the South African Demographic and Health Survey to examine the impact of public health expenditure on health outcomes at the provincial level between 2002 and 2012 (10). The study focused on four key health indicators: the infant mortality rate, the child and maternal mortality ratios, and life expectancy at birth. The study employed pooled OLS fixed effects (FE) and random effects (RE) models to examine these relationships. The findings revealed a significant relationship between public health expenditure and only two health outcomes: infant mortality rate and life expectancy at birth.

Hlafa et al. employed data from the Health Systems Trust (HST) to investigate the relationship between public health expenditure and health outcomes across South Africa’s nine provinces from 2002 to 2016 (9). The study measured health outcomes using the under-five mortality rate and life expectancy at birth. The authors employed fixed effects (FE) and random (RE) estimation techniques to analyze the data, accounting for time effects and provincial heterogeneity. The results revealed a positive relationship between public health expenditure and health outcomes, although the strengths of these outcomes varied across provinces.

Makuta and O’Hare (11) carried out a comparative analysis of the relationship between public health expenditure and health outcomes in sub-Saharan Africa from 1996 to 2011, utilizing data sources such as the World Bank, United Nations Development Program, and the World Health Organization. Health outcomes were measured through life expectancy at birth and the mortality rate of those under five. The analysis employed two-stage least squares, controlling for income and education. The study also investigated the interaction between public health expenditure and governance quality to assess whether governance moderated the impact of health expenditure on health outcomes. The findings revealed that public health expenditure positively and significantly affected health outcomes, with improved governance further amplifying this effect.

Similarly, Bunyaminu et al. investigated how health expenditure affects life expectancy in a panel of 43 African countries from 2000 to 2018 (12). The study used data from various sources, such as the World Bank, the United Nations Development Program, and the World Health Organization, to measure health expenditure, life expectancy, and government effectiveness. A dynamic panel generalized method of moments(GMM) estimation technique was applied to control for unobserved heterogeneity and endogeneity in the panel model. The researchers found that health expenditure positively impacts life expectancy. The findings revealed that health expenditure positively affected life expectancy, with government effectiveness further enhancing this relationship.

A common limitation of these studies is the lack of a detailed analysis of regional poverty levels and their impact on public health expenditure’s efficacy. They also overlook historical economic factors, such as past income levels and investments, which shape current health outcomes through access to healthcare, education, sanitation, and housing.

Our argument is supported by Francis and Webster’s study, which explored the interplay between historical economic factors and health outcomes in South Africa by analyzing how poverty, inequality, and health are interconnected and influenced by historical elements like colonialism and apartheid (13). These factors have not only exacerbated poverty and inequality but also impacted health, creating a mutually reinforcing cycle that has worsened over time. However, the study’s limitation lies in its methodology: it employed a qualitative and historical approach utilizing broad historical categories for analysis rather than a multivariate analysis to pinpoint the specific impacts of these historical economic factors on health outcomes.

Our study aims to address these gaps by investigating the impact of regional poverty on the relationship between public health expenditure and health outcomes across South Africa’s provinces. We also explore the potential delayed effects of public health spending and income per capita, offering a more nuanced understanding of the factors influencing health in South Africa.



2 Theoretical foundation


2.1 The Grosman model

Our study builds on the Grossman model (14) to examine the complex relationship between public health expenditure, health, and poverty, focusing on South Africa’s provinces. The model is a pivotal contribution to the economic analysis of health and healthcare, as it treats health as both a consumption and an investment good. It posits that individuals demand healthcare to increase their stock of health capital, enhancing their utility and productivity.

The model assumes that health capital depreciates over time and that individuals can invest in health through medical care and other inputs to maintain or improve their health status (15). It also implies that the optimal level of health depends on the individual’s preferences, income, and the prices of health inputs.



2.2 Limitations of the Grossman model

However, the Grossman model has some limitations and challenges, especially when applied to a developing country like South Africa. First, the model is based on a micro-level perspective that focuses on individual choices and outcomes, ignoring the macro-level factors that affect the supply and quality of health services, such as public health expenditure, health system performance, and governance. Second, it does not account for the heterogeneity and diversity of the population and regions, such as differences in income, poverty, and health needs across the provinces.

Third, the model does not consider economic factors’ dynamic and lagged effects on health outcomes, such as the impact of past income and public health expenditure on current health status through various intermediary factors. Therefore, a more comprehensive and nuanced theoretical framework is needed to address these limitations and challenges and capture the multifaceted relationship between public health expenditure, health, and poverty in South Africa.



2.3 Theoretical framework and hypotheses

Our study aimed to develop a framework by adapting and extending the Grossman model from its original micro-level focus to a broader macro-level approach. This adaptation was tailored to South Africa, incorporating additional variables and mechanisms. We shifted the focus from individual health outcomes to the provincial level, assessing the aggregate and comparative effects of public health expenditure and poverty across South Africa’s nine provinces, as captured by Equation 1:
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Increased provincial income levels could significantly advance human development and economic growth in South Africa. Higher-income levels could lead to increased consumer spending, investment in local businesses, and improved access to education and healthcare (16). Enhanced economic activity and development could foster improved living conditions, create more employment opportunities, and increase public health funding. Collectively, these factors would thus contribute to improved overall health and well-being by providing access to essential health services, reducing health issues, and improving living standards.

Central to our framework is considering public health expenditure as a crucial variable influencing health outcomes alongside income. Public health expenditure reflects the government’s per capita investment in health services, which is crucial to improving the availability, accessibility, and quality of healthcare. This investment directly affects the provision of healthcare services. It indirectly influences health outcomes by shaping the overall health system. Such expenditure contributes to developing and maintaining medical facilities, training healthcare professionals, and implementing public health initiatives. Improving these areas leads to more effective medical care, better preventive measures, enhanced health education, and a stronger healthcare infrastructure, all essential to improving the population’s health.

Our study also analyzed regional poverty levels in our adapted model, as these are indicators of various socioeconomic and environmental factors that significantly impact health in different provinces, including nutrition, sanitation, living conditions, and pollution. The multifaceted nature of poverty often leads to a challenging cycle of adverse health outcomes (8). Due to their exposure to adverse socioeconomic and environmental conditions, individuals living in poverty are typically more susceptible to a range of diseases and health complications.

A key aspect of our study is how regional poverty levels might influence the relationship between public health expenditure and health outcomes. This is particularly relevant as impoverished areas will likely have higher healthcare needs than wealthier regions. For example, in poorer regions such as the Eastern Cape, where poverty rates are high, there may be increased demand for public health services like basic healthcare and infectious disease management. Conversely, regions like Gauteng, with higher average income levels, might have different health priorities and expenditure patterns, such as a greater focus on preventive care and chronic disease management. Given these contrasting scenarios, analyzing the interaction between poverty levels and public health expenditure is crucial, as this significantly shapes each province’s health needs and outcomes.

Furthermore, our study integrated an analysis of the potential delayed effects of public health expenditure and income on health outcomes in our model. This is based on the understanding that the impact of these economic factors might not manifest immediately but could be mediated over time through various factors (17). These intermediary factors act as channels through which past economic activities may influence current health outcomes.

Based on our theoretical framework, which is illustrated in Figure 1 below, our study aimed to test the following hypotheses:
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FIGURE 1
 The relationship between public health expenditure, health, and poverty. This figure represents the main variables (nodes) and hypothesized effects (egde) and is the author’s work. It was created using DiagrammeR in R. The direction and strength of these effects will be tested empirically.



H1: Poverty levels reduce the effect of public health expenditure on health outcomes.
 

The hypothesis is formulated based on the observation that regions with higher poverty levels could experience more adverse health outcomes due to poverty compared to wealthier regions, potentially negatively affecting health spending. Consequently, we anticipated variations in this influence across South Africa’s diverse provinces and sought to empirically assess how these differing poverty levels interact with public health expenditure.


H2: Historical economic factors, measured by the lag values of income per capita and public health expenditure per capita, differently impact regional health outcomes.
 

This hypothesis stemmed from the assumption that economic conditions and health investment in previous years could have lasting effects on the current health status of a population (17).

The following section outlines the empirical approach to test these hypotheses, providing deeper insights into the relationship between public health expenditure, health, and poverty in South Africa.




3 Materials and methods


3.1 Data

Our study utilized annual data from 2005 to 2019, sourced from various databases, including the General Household Survey (GHS), the Health Systems Trust (HST), and annual reports such as the National Treasury’s Intergovernmental Fiscal Reviews. Table 1 presents the relevant variables and their description. After collecting the necessary information for each province, we merged the data into a single dataset and analyzed the provincial level.



TABLE 1 Description of variables used in the study.
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Throughout the analysis, our dependent variable was life expectancy at birth, and the primary independent variable under consideration was public health expenditure per capita. We opted for public health expenditure per capita over total public health expenditure because our dependent variable was life expectancy. As explained in the table above, public health expenditure per capita represents the average monetary amount allocated to healthcare for each individual within a population. Consequently, higher per capita public health expenditure can lead to improved health outcomes and an increase in the population’s life expectancy. This measure establishes a direct link between the healthcare resources available for each person and their corresponding health outcomes, as indicated by life expectancy.

The next section outlines the methodology used to examine how regional poverty levels affect public health expenditure and influence health outcomes across South Africa’s provinces.



3.2 Empirical methods of estimation

This study builds on the methodological approaches of Hlafu et al. (9) by introducing three distinct models, all of which use life expectancy at birth as the dependent variable. The first model focuses on developing the PIMD, drawing inspiration from Noble et al. (18). we employed data from the GHS from 2005 to 2019. The PIMD was designed to capture various dimensions of deprivations faced by individuals, encompassing five critical domains: health, education, standard of living, income, and material deprivation.

Traditional poverty measures, such as income or expenditure, are effective for measuring absolute poverty but fail to capture its multifaceted nature. The PIMD provide a more comprehensive assessment of poverty levels across South Africa’s provinces, transcending conventional money-based metrics. Our primary goal in constructing the PIMD was to capture deprivation consistently over time by selecting indicators from the GHS available from 2005 to 2019.

For example, in the health domain, we used the variable indicating whether an individual receives a disability grant. This measure was chosen because receiving the grant requires a significant health impairment, reflecting the prevalence of health-related deprivation. Households were considered deprived in this domain if at least one member received a disability grant.

In line with the study’s objectives, which mirror the domains in the South African Multidimensional Poverty Index (SAMPI), we incorporated another indicator in the standard of living: the type of fuel used for cooking. This indicator assesses poverty levels by identifying households that rely on basic and potentially hazardous materials such as wood, coal, paraffin, or animal dung for cooking. Dependence on these fuels signals a lower standard of living and limited access to modern amenities, qualifying such a household as deprived in this domain. Table 2 presents a comprehensive overview of all the domains, indicators, and thresholds we employed in constructing the PIMD, ensuring a thorough and nuanced measurement of poverty. The deprivation headcounts for each indicator, calculated using GHS data for each province from 2005 to 2019, are presented in Supplementary material (Tables 17–25).



TABLE 2 Domains, associated indicators, and thresholds of deprivation in the PIMD.
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Also integral to this specification is the weighting stage, a crucial aspect of our process that determines the relative importance of each dimension and indicator in assessing the poverty experienced by households in these provinces. In line with the methodology used in the SAMPI and acknowledging that, despite their unique characteristics and challenges, the provinces share fundamentally similar socioeconomic structures, our study implemented a nested weighting system. This entails weighing all domains equally and assigning equal weights to the indicators within each domain.

Table 3 summarizes the details of the weighting structure we employed. The Health and Education indicators are each assigned a weight of 1/4, underscoring their critical role in comprehending the poverty landscape across the provinces. Furthermore, aligned with the SAMPI approach, our study introduced an additional income and material deprivation indicator. This is represented by the Unemployment indicator, which carries a weight of 1/8. Its inclusion is particularly pertinent given its significant impact on income deprivation and material hardship. It thus enhances the index’s robustness and sensitivity, providing a more thorough depiction of poverty’s multifaceted nature.



TABLE 3 Indicators and their weights.
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Considering that, we multiplied the calculated rates (see Tables 1725 in Supplementary material) by their respective weights and combined them to compute a composite score for each province each year. The final step in our specification was to standardize these combined scores, assigning values within a range of 0 to 10. On this scale, zero indicates the least deprived area, and 10 indicates the most deprived area. This facilitates a clear, scaled representation of deprivation levels across the provinces.

In the second specification, we utilized the PIMD figures derived from the previous specification to explore whether regional poverty levels affect the relationship between public health expenditure and overall health across South Africa’s provinces. The study employed the two-way FE model and the subsequent specification to accomplish this. The use of this model is advantageous in this context as it enables control over time-invariant regional characteristics and common time effects. This methodological choice ensures a more nuanced and precise analysis of the intricate interplay between public health spending, regional poverty, and health outcomes.

To implement this approach, our two-way FE model was estimated using Equation 2:
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In Equation 2, life expectancy at birth is the dependent variable, measured for each province (i) at time (t). The independent variables include the logarithms of the following: public health expenditure per capita, GDP per capita to estimate income, the population growth rate, the female literacy rate, and the HIV prevalence rate, all specific to each province. Utilizing logarithmic transformations for these variables linearizes their relationships with life expectancy. This creates a more interpretable model that translates effects into percentage changes, accounting for potential skewness in the data distributions.

The PIMD is also included in its original form, specific to each province and period, providing a nuanced view of poverty. Furthermore, Equation 2 included variables to capture time effects ([image: image]), which is crucial as it allows the model to account for temporal trends and variations, thereby improving the accuracy and relevance of the findings in a dynamic socioeconomic context (Imai and Kim).

A significant aspect of Equation 2 includes an interaction term between per capita public health expenditure, the PIMD, and the provincial dummy variables. This was crucial as it provided insight into how regional poverty levels influenced changes in provincial public health expenditure between 2005 and 2019, compared to the changes experienced by the reference category, namely the Eastern Cape province. It was essential to understand the varying impacts of poverty levels across provinces.

The final specification involved re-estimating Equation 2, but with a key difference: it used lagged values of public health expenditure per capita and GDP per capita as explanatory variables. This modification was designed to test the possibility that past economic activity could significantly impact the current health status of the population. To conduct this Analysis, we employed an equation similar in structure to Equation 3, adapting it to reflect the influence of these historical economic factors.
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Researchers such as Schultz et al. and Ullah et al. posited that incorporating two lags of the independent variables is sufficient to account for the delayed effects of income and public health expenditure (17, 19). Considering this, we included two lags of each variable in our Analysis, as indicated in Equation 3. This allows us to examine the potential impact of past economic activity on population health, providing a more comprehensive understanding of the temporal dynamics.

Lastly, when interpreting the results from a two-way FE model, it is essential to understand that the process involves more than just determining the direction of the coefficients; their magnitude is equally important as it quantifies the extent and significance of the impact of each variable (20). This provides crucial insights into these variables’ practical and measurable influence on the dependent variable. We used R software as the primary computational tool to facilitate this Analysis.

We present a detailed discussion of the statistical findings considering these methodological considerations.




4 Results


4.1 Descriptive statistics

This section describes the study’s main variables: public health expenditure, public health expenditure per capita, life expectancy, income per capita, and poverty. We use different methods to compare these variables across South Africa’s nine provinces and examine their trends over time.


4.1.1 Public health expenditure

There has been a significant increase in South Africa’s public health expenditure over the past decade, primarily focusing on improving access to healthcare among previously disadvantaged populations. This is evident in the data presented in Figure 2, which shows a clear and consistent increase across all provinces and years. Gauteng and KwaZulu-Natal consistently emerge as the top spenders during these 14 years. In 2005, Gauteng allocated R11.12 billion, and KwaZulu-Natal spent R11.66 billion, reflecting substantial financial commitments. By 2019, Gauteng’s expenditure had surged to R50.67 billion, while KwaZulu-Natal’s had risen to R45.23 billion.
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FIGURE 2
 Trends in public health expenditure by province (2005–2019). *This figure is the author’s work and was compiled using the National Treasury’s provincial database data.


Mpumalanga occupies a middle ground in terms of growth. From health expenditure of R3.013 billion in 2005, it experienced steady growth, reaching R14.259 billion in 2019, representing an increase of approximately R11.246 billion over 14 years. While not as substantial as the growth in provinces like Gauteng or KwaZulu-Natal, this signifies a significant commitment to enhancing public healthcare services in Mpumalanga. At the other end of the spectrum, the Northern Cape showed consistently lower levels of public health expenditure. From 2005 to 2019, its spending on healthcare remained relatively stable yet modest compared to other provinces. The budget allocation started at R1.41 billion in 2005 and increased to R5.18 billion in 2019, indicating a modest growth trajectory.

The increase in public health expenditure across South Africa’s provinces indicates an upward trend in healthcare funding. This may have implications for health outcomes, warranting further exploration. In subsequent analysis, we investigate the potential impact of these expenditure patterns on life expectancy across various provinces, examining the data to discern any correlations or trends.



4.1.2 Life expectancy trends across provinces

Building on our understanding of public health expenditure trends, we now shift our focus to the corresponding changes in life expectancy, where, as illustrated in Figure 3, we observe distinct patterns across the provinces.
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FIGURE 3
 Trends in Life Expectancy by province (2005–2019). *This figure is the author’s work and was compiled using data from the Health Barometers published by the Health Systems Trust.


The Western Cape maintained the highest life expectancy, increasing from 64 to 65 years between 2005 and 2019. While this is a modest increase, it indicates improved healthcare and living conditions in the Western Cape. Notably, this province’s life expectancy aligns with its position among the top provinces regarding public health expenditure (see Figure 2).

Gauteng saw a notable increase in life expectancy, from 57 years in 2005 to 62 years in 2019. This positions it among the top three provinces in terms of life expectancy by around 2018, closely following the Western Cape and Limpopo. The increase in Gauteng’s life expectancy over this period indicates progress in healthcare and overall living conditions within the province.

Despite recording the lowest public health expenditure among all the provinces, the Northern Cape has achieved one of the highest increase in life expectancies, from 53 to 61 years between 2005 and 2019, surpassing five other provinces. In contrast, KwaZulu-Natal, the second-largest spender on public health, recorded the lowest life expectancy. In 2005, life expectancy in this province was 48 years, increasing to 57 years by 2019. This intriguing disparity between provinces’ expenditure and life expectancy outcomes suggests that factors beyond public health expenditure significantly influence life expectancy in these regions.

The life expectancy data for South Africa’s provinces over 14 years reveal notable disparities in health outcomes. While some provinces, such as the Northern Cape, showed significant improvement, others experienced only marginal increases. These variations suggest a complex pattern rather than a uniformly clear upward trend, reflecting diverse levels of improvement in healthcare and living conditions. This nuanced picture underscores the ongoing need for targeted efforts to address regional disparities in access to quality healthcare, ensuring equitable health improvements across all provinces.

Closer examination is required to enhance our understanding of the connection between public health expenditure and life expectancy. The following section presents summary statistics on these variables, offering a deeper perspective on this relationship.



4.1.3 Summary statistics of life expectancy and public health expenditure per capita

To deepen our analysis, this section presents a comprehensive summary of statistical data on life expectancy and public health expenditure per capita across the provinces. The remainder of the analysis focuses on public health expenditure per capita, as it provides a more accurate reflection of individual resource allocation and its impact than aggregate spending.

Table 4 presents the summary statistics of each province’s life expectancy and public health expenditure per capita. The table shows life expectancy’s average, minimum, maximum, and standard deviation. The data highlights significant disparities in average life expectancy, ranging from 53 years in KwaZulu-Natal to 64 years in the Western Cape.



TABLE 4 Summary statistics of life expectancy and public health expenditure by province.
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These disparities underscore the substantial variations in health outcomes among provinces, with standard deviations indicating the degree of variability within each region. While the Western Cape reports the highest average life expectancy, it also displays the lowest standard deviation, suggesting a more consistent life expectancy distribution. Conversely, provinces like KwaZulu-Natal exhibit lower average life expectancy and higher standard deviations, signaling greater variations in health outcomes. These findings are supported by Figure 3 above.

An analysis of public health expenditure per capita reveals significant diversity across provinces. Gauteng leads with an average expenditure of R3,084 (see Figure 2), closely followed by the Western Cape at R3,423. In contrast, despite ranking second in aggregate expenditure, KwaZulu-Natal falls fifth in public expenditure per capita. This discrepancy can be attributed to the province’s distinct health needs and the fact that it is the second-largest province in South Africa (21).

On the lower end of the scale, the Eastern Cape and Mpumalanga report the lowest average public health expenditure per capita, at R2,888 and R2,291, respectively. This contrasts with their rankings based on aggregate expenditure. Similar to KwaZulu-Natal, larger populations and distinct health needs in these provinces could explain the discrepancies observed between Figure 2 and Table 4. Furthermore, the range of public health expenditure per capita across provinces is substantial. For example, Gauteng’s maximum per capita allocation reached R4,910, while the Eastern Cape’s minimum spending was as low as R2,054 between 2005 and 2019. This wide variation is also reflected in the standard deviation, highlighting disparities in resource allocation among the provinces.

This section explored summary statistics of life expectancy and public health expenditure by province, revealing disparities in resource allocation. The following section examines (YOY) percentage changes to investigate the impact of economic factors on health status and deepen our understanding of these relationships.



4.1.4 Annual trends in health and economic indicators

This section examines annual health and economic indicators trends across various provinces, using year-on-year percentage changes (YoY). These proved a valuable analytical tool, providing insights into the dynamic relationship between historical economic factors such as public health expenditure and income per capita and the overall health status within these regions. Our objective was to determine the nature of the relationship between these variables and life expectancy at birth, specifically whether it was non-existent, positive, or negative.

To maintain clarity and focus within the primary results section, we provide the YoY percentage change for provinces with the highest (Gauteng), median (Limpopo), and lowest (Northern Cape) public health expenditure. Detailed data for the other provinces can be found in Supplementary material.

Table 5 presents the annual trends in life expectancy, per capita public health expenditure, and per capita income in Gauteng, highlighting the YoY percentage changes. The changes reveal the interconnectedness of these factors and their potential impact on health outcomes. Gauteng has consistently improved life expectancy, mainly reflecting positive YoY changes. However, a noteworthy observation in this table is the substantial increase in life expectancy in 2008, marked by a YoY change of 2.45%. This shift suggests that investment in public health expenditure and income in the preceding year may have positively influenced health outcomes, emphasizing the importance of consistent healthcare spending in enhancing life expectancy.



TABLE 5 Annual trends in life expectancy and public health expenditure in Gauteng.
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The data highlights varying trends in public health expenditure per capita over time, with a significant rise of 18.19% in 2006. Interestingly, the same year marked the highest annual increase in per capita income, showing a remarkable surge of 592.73%. Such variations in these economic factors could influence the accessibility and quality of healthcare services, potentially impacting life expectancy in this province.

However, it is important to note that these economic fluctuations did not immediately reflect in the YOY percentage change in life expectancy for that year or the subsequent one. As noted previously, the effect primarily became evident in 2008. This might suggest a two-year lag in the influence of economic factors working through the intermediaries mentioned earlier, or other factors could have contributed to the surge in life expectancy in 2008.

Moving to Table 6, which shows annual trends in life expectancy, public health expenditure per capita, and income per capita in the Northern Cape, a notable observation is substantial fluctuations in life expectancy. In 2007, a sharp negative YoY change of −0.66% indicates a decline in life expectancy. However, in 2008, the Northern Cape experienced the highest positive YoY percentage change, with a figure of 1.49%, suggesting that investment in public health or income in that year or the preceding year(s) may have positively influenced health outcomes, akin to the findings for Gauteng.



TABLE 6 Annual trends in life expectancy and public health expenditure in Northern Cape.
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Furthermore, the YoY changes in public health expenditure per capita reveal considerable volatility, especially in 2007 (29.20%) and 2008 (22.60%), reflecting instability in the allocation of healthcare resources, which can influence healthcare investment for the population in this province.

Regarding per capita income in the Northern Cape, 2014 is particularly notable for its extraordinary surge, showing a YOY change of 973.15%. While this indicates improved economic conditions, the data does not readily reveal its immediate impact on life expectancy. Further Analysis may be needed to understand why this specific change in income per capita did not translate into improved health in that year or the subsequent year.

Lastly, Table 7 shows the annual trends in life expectancy, public health expenditure per capita, and income per capita in Limpopo province. Similar to the patterns observed earlier, the most notable increase occurred in 2008, with a substantial YoY change of 2.64%, implying that economic factors in that particular year, along with historical ones, may have played a role in fostering consistent improvements in life expectancy across most of South Africa’s provinces.



TABLE 7 Annual trends in life expectancy and public health expenditure in Limpopo.
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As corroborated by Figure 3, public health expenditure per capita in Limpopo remains relatively stable compared to the Northern Cape and Gauteng. However, the data also reveals extreme YoY changes in income per capita, especially in 2011, where an exceptional positive change of 797.21% was observed.

Interestingly, this substantial increase in income per capita does not translate into improved life expectancy, as reflected in the negative −0.16% YoY percentage change in life expectancy for that year and the subsequent one. This disconnection between a significant increase in income and its failure to translate into improved life expectancy highlights the multifaceted nature of this relationship, warranting further examination.

These findings highlight the importance of understanding how extreme income and public health expenditure fluctuations can affect access to healthcare and overall well-being. However, this Analysis does not comprehensively depict the complex relationship between economic factors and individuals’ health in these regions. While there are instances where improvements follow an increase in economic factors in life expectancy, the relationship is not consistently observed. Consequently, the following section delves into the results of a multivariate analysis to gain deeper insight into these complex dynamics.




4.2 Results of the provincial index of multiple deprivation

Before examining the results of the multivariate Analysis, it is essential to explore the outcome of the initial specification, which generated the PIMD for each province. This is crucial to understanding the deprivation variations across South Africa’s provinces. Table 8 presents an overview of the PIMD scores by province in South Africa from 2005 to 2019, ranging from 0 to 10. Lower scores indicate less deprivation, while higher scores denote greater deprivation. Analysis of this measure uncovers several significant findings and trends.



TABLE 8 Index of multiple deprivation by province in South Africa (2005–2019).
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First, we observe substantial variation in deprivation levels across provinces. In 2005, the Eastern Cape had the highest level of deprivation, with a score of 3.24, while the Western Cape had the lowest at 1.60. These disparities persisted over the years, with the Eastern Cape consistently having the highest deprivation scores and the Western Cape maintaining its position as the least deprived province.

Second, the data reveals fluctuations in deprivation levels within each province over time. While some provinces like Gauteng show relatively stable scores over the years, others, such as KwaZulu-Natal and Limpopo, experience more variability. KwaZulu-Natal, for example, exhibits a notable decrease in deprivation from 3.42 in 2005 to 1.73 in 2019.

Third, the data shows a consistent decrease in deprivation scores across all provinces, suggesting enhanced living conditions. However, it is crucial to note that the rate of improvement varies. For example, KwaZulu-Natal has the highest annual improvement rate at 0.100, whereas Gauteng has the lowest at 0.034. This indicates that while progress is being made, it is unevenly distributed, highlighting the need for targeted interventions in areas lagging.

The variations in deprivation scores have significant implications for our analysis of how poverty affects the effectiveness of public health expenditure, using the PIMD scores as a measure of poverty. These results are presented in the following section.



4.3 Two-way fixed effects regression results: analysis of the base model

The results from the two-way FE model provide insights into the relationship between public health expenditure, regional poverty levels, and life expectancy across South Africa’s provinces.

As anticipated, the coefficient for the logarithm of income per capita is positive, signifying that a 1% increase in income per capita corresponds to a modest increase of 0.0523 units (years) in life expectancy. However, it is important to note that this coefficient is statistically insignificant, implying no substantial statistical relationship with the dependent variable.

Interestingly, the negative coefficient for the logarithm of public health expenditure per capita indicates that a 1% increase in public health expenditure per capita leads to an approximate decrease of 2.64 years in life expectancy. This counterintuitive finding suggests that increased public health spending does not directly translate to improved life expectancy. However, this variable is statistically significant at all conventional levels, signifying a significant statistical relationship with the dependent variable. Therefore, further investigation into this relationship is warranted.

The negative coefficient for the PIMD suggests that an increase in poverty levels by one unit corresponds to a decrease in life expectancy by approximately 3.22 units. The substantial magnitude of the PIMD coefficient underscores the significant and direct impact of poverty on life expectancy, indicating that higher poverty levels correlate with considerably reduced life expectancy across South Africa’s provinces. This observation aligns with expectations and reinforces the well-established link between poverty and lower life expectancy. Notably, this variable is statistically significant at all conventional levels, suggesting a robust relationship with the dependent variable (Table 9).



TABLE 9 Two-way fixed effects model results.
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The analysis of the interaction term between public health expenditure per capita, poverty, and the respective provinces yields notable results. Considering regional poverty rates in the Free State, Gauteng, KwaZulu-Natal, Mpumalanga, and North-West, a 1% increase in public health expenditure is linked to increased life expectancy. Specifically, the increases are approximately 0.0010, 0.0006, 0.0005, 0.0009, and 0.0007 years, respectively, compared to the Eastern Cape. These variables were found to be statistically significant, indicating that they have a statistical relationship with life expectancy.

In contrast, the Western Cape was the only province demonstrating a significant negative relationship between per capita public health expenditure and life expectancy. Here, a 1% increase in public health expenditure per capita is associated with a reduction of 0.0011 years in life expectancy compared to the Eastern Cape. However, it is important to note that the coefficients for these interaction variables are relatively small compared to those for variables like per capita public health expenditure and the PIMD. This suggests that the influence of these interaction term variables on life expectancy is comparatively modest.

These results highlight the complex interplay between public health expenditure, poverty levels, and life expectancy across different provinces in South Africa and how these relationships differ from one province to another. The following section examines whether historical economic factors influence life expectancy.



4.4 Two-way fixed effects regression results: analysis of past economic activities

The findings presented in Table 10, which include lagged effects of past economic activities, align with those in the base model discussed in the previous section.



TABLE 10 Two-way fixed effects model results.
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Regarding the lagged variables of income per capita, the coefficient for the one-year lag is 0.0000, implying that in this context, income from a year ago does not significantly impact life expectancy. This variable is also statistically insignificant. In contrast, the two-year lag of income per capita suggests that a 1% increase in this variable corresponds to a 0.0001-year reduction in life expectancy. However, the magnitude of this variable is close to zero and insignificant, suggesting that, in this context, income per capita from a year and 2 years ago does not significantly impact life expectancy.

Lastly, the one- and two-year lagged public health expenditure per capita values show identical magnitudes. This implies that a 1% increase in public health expenditure per capita from one and 2 years ago results in a 0.0004-year reduction in life expectancy. However, these values are near zero, and both lagged variables are statistically insignificant. This indicates that, in this context, public health expenditure per capita from 1 and 2 years ago does not significantly impact life expectancy.

In conclusion, our findings indicate that while public health expenditure per capita significantly affects life expectancy, income per capita, its lagged values, and its lagged variables do not influence life expectancy. This conclusion is drawn from the fact that income per capita and its lagged values are statistically insignificant, as are the lagged values of public health expenditure per capita.




5 Discussion

Health spending is widely regarded as a key policy tool, with calls for increased investment as part of the global effort to achieve universal access to healthcare. The rationale is straightforward: more spending leads to expanded health services and infrastructure for the population. These initiatives align with global goals, particularly the Sustainable Development Goals (SDGs). The positive impact of health spending on health outcomes has been well-established. However, evidence suggests that the effects of health spending vary across regions with different development levels (22). In low-development areas, spending often has more immediate and tangible benefits, though inefficiencies and inadequate infrastructure frequently hamper its effectiveness. Since socioeconomic status is a crucial determinant of health, high poverty levels—common in less developed regions—can undermine the potential benefits of health spending. In South Africa, research indicates that these challenges persist, with poverty exacerbating the limitations of public health expenditure in underdeveloped areas.

This study examined the intricate interplay between public health expenditure, regional poverty levels, and health outcomes across South Africa’s provinces. Our findings reveal a nuanced and complex relationship significantly shaped by the varying poverty levels as measured by the PIMD.

We established the the provincial index of multiple deprivation (PIMD) for each of the nine provinces, covering the period from 2005 to 2019. This index revealed significant variations in poverty levels across the provinces. For instance, in 2005, the Eastern Cape had the highest deprivation score at 3.24, in stark contrast with the Western Cape’s score of 1.60. these disparities, initially observed in 2005, persisted throughout the study period. Analyzing the PIMD alongside the Human Development Index (HDI) from the Global Data Lab (1990–2021) (23) and the South African multidimensional poverty index (SAMPI) from Stats SA (based on 2001 and 2011 census data), we identified consistent patterns of poverty variation between the two provinces over time.

After estimating the two-way FE model of the base model, many variables displayed the anticipated signs; however, contrary to expectations, our results indicated that for every 1% increase in public health expenditure per capita, life expectancy was projected to decrease by 2.6415 years. This unexpected outcome necessitated further exploration, as it implies that investment in healthcare services per person does not yield the expected life expectancy improvements. This may signal inefficiencies, misallocation of funds, systemic issues, and poor healthcare governance (23), as higher healthcare spending should ideally lead to better health outcomes and longer life expectancy. Indeed, studies found that government effectiveness moderated the impact of public health expenditure on health outcomes in different African contexts (11, 12).

Another possible explanation for these unexpected results is the principle of health persistence discussed by Miller, who posits that regions with lower life expectancy often necessitate increased healthcare spending to address poor health outcomes (24). This scenario is particularly relevant in South Africa, where more than half the population lives in poverty. Longstanding health challenges compromise the efficacy of current public health expenditure in economically disadvantaged areas. Consequently, the observed negative correlation might not imply that higher spending leads to shorter lifespans. Rather, it could indicate that areas with lower life expectancy must invest more in public health, primarily in response to persistent health issues. This finding contrasts with Hlafu et al., who reported a positive relationship between life expectancy and public health expenditure per capita in the Western Cape (9). However, it is important to acknowledge that Hlafu et al. did not account for regional poverty levels in their study (9).

A consistent observation emerged in our analysis of historical economic factors, which we measured using one- and two-year lags for public health expenditure and income per capita. Both the lag variables for public health expenditure exhibited the same negative coefficient of 0.0004, close to zero. Moreover, these variables were statistically insignificant, implying that historical public health expenditure did not significantly influence life expectancy. Instead, only immediate health expenditure per capita appears to impact the dependent variable.

This finding is particularly intriguing when contrasted with research by Ullah et al. that identified a significant relationship between the lagged values of public health expenditure per capita and health outcomes (25). However, although significant, their observed effects were relatively small and tended to diminish with increased lags. This difference highlights the complexity and variability of the factors influencing health outcomes over time.

A similar trend emerged with lagged income per capita. The one-year lag had no effect, and the two-year lag’s coefficient was close to zero, both statistically insignificant. This contradicts Sharmar’s findings of a positive relationship between income lags and life expectancy, likely due to differing institutional efficiencies in advanced economies (26).

The varying poverty levels across South Africa’s provinces have significant implications for the impact of public health spending on health outcomes. While health spending is crucial for providing and treating adverse health conditions (27), it does not address the underlying socioeconomic factors contributing to poor health outcomes. A recent study reported, for example, that participants with lower educational and income levels had higher healthcare expenditure and used more healthcare compared to participants with the highest educational and income levels, signifying the adverse socioeconomic conditions in propelling the need for healthcare spending (22). Poorer regions benefit more from additional health spending, but overall health outcomes remain relatively low, highlighting the need for more specific, targeted interventions. This type of intervention is in line with the fact that to narrow gaps in heath developing nations would benefit more from increased health spending than the developed world, highlighting that improvement in health expenditure has been part of the solution to address social disparities in health. These interventions should consider the unique health challenges of each region. If implemented alongside socioeconomic initiatives, such targeted health spending would likely be more effective than current allocation practices, achieving better results and delivering greater benefits (22).

In summary, the analysis demonstrates the varied ways poverty influences the effectiveness of public health expenditure in improving people’s health across various provinces, confirming the validity of our first hypothesis. Furthermore, the effects of historical economic factors were insignificant, leading us to reject our second hypothesis that the lagged values of income per capita and public health expenditure per capita would impact the dependent variable.



6 Conclusion and recommendations

This study explored the intricate relationships between regional poverty levels, public health expenditure, and population health outcomes in South Africa, particularly focusing on the role of historical economic factors. Using data from 2005 to 2019 sourced from the GHS, HST database, and National Treasury’s Intergovernmental Fiscal Review (28, 29), we developed the PIMD. This index was then analyzed using a two-way FE model to examine these complex relationships thoroughly.

The study revealed a surprising negative correlation between life expectancy at birth and public health expenditure per capita. This contradicts the conventional assumption that higher healthcare spending improves health outcomes, suggesting possible inefficiencies or misallocation of resources within South Africa’s healthcare system. One possible reason for this is health persistency, where regions with historically lower life expectancy demand more public health spending to address longstanding health issues without significant health improvements.

To address these inefficiencies, the study recommends that the South African government review its healthcare spending to optimize resource allocation. This review should focus on improving healthcare distribution and ensuring that funding is effectively targeted, particularly in regions with historically low life expectancy. A health persistency-focused strategy, which directs resources to areas with enduring health challenges, could help reduce health disparities and improve overall life expectancy.

The study also examined the relationship between public health expenditure, regional poverty, and life expectancy across provinces. It found that increased health spending modestly improved life expectancy when adjusted for poverty in provinces like the Free State, Gauteng, and KwaZulu-Natal. However, in the Western Cape, a paradox emerged, with higher health spending linked to a decline in life expectancy, highlighting the limitations of a uniform national health policy across diverse regions. The study calls for region-specific health policies, especially in regions like the Western Cape, where socioeconomic disparities might reduce the effectiveness of increased health spending.
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Introduction: Alcohol-related problems increase the probability of frequent emergency department (ED) use. In this study, we compared the direct healthcare expenses incurred during a single visit among frequent and non-frequent ED users and analyzed the impact of alcohol-related issues in healthcare costs arising from ED usage.

Methods: The study relied on secondary analyses of economic data from a 1:1 matched case–control study with the primary aim of identifying the clinical characteristics of hospital ED frequent users in a Mediterranean European environment with a public, universal, and tax-funded health system. The participants ranged in age from 18 to 65 years and underwent ED visits at a high-complexity Spanish hospital (cases ≥5 times, controls <5) from December 2018 to November 2019. Each case was matched to a control with the same age, gender, and date of attendance at the ED. Clinical data and direct healthcare costs for a single ED visit were obtained by a retrospective review of the first electronic medical register. Costs and duration of stay were compared between cases and controls using paired-samples t-tests, and ED users with and without alcohol-related problems were compared using bivariate (independent-samples t-tests, one-way analysis of variance, Chi square tests, and multiple linear regression) and multivariate analyses (multiple linear regression models with backward stepwise selection algorithm, and dependent variable: total mean direct costs).

Results: Among 609 case–control pairs (total n = 1218), mean total healthcare direct costs per ED visit were 22.2% higher among frequent compared with non-frequent users [mean difference 44.44 euros; 95% confidence interval (CI) 13.4–75.5; t(608) = 2.811; p = 0.005]. Multiple linear regression identified length of stay, triage level, ambulance arrival, and the specialty discharging the patient as associated with total healthcare costs for frequent users. In bivariate analyses, a history of alcohol-related problems was associated with a 32.5% higher mean total healthcare costs among frequent users [mean difference 72.61 euros; 95% confidence interval 25.24–119.97; t(320.016) = 3.015; p = 0.003].

Conclusion: The findings confirm the high cost of frequent ED use among people with alcohol-related problems, suggesting that costs could be reduced through implementation of intervention protocols.
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 healthcare costs; alcohol; psychiatry; emergency department; frequent users


1 Introduction

Most patients use emergency departments (EDs) sporadically for isolated pathologies, but some patients use these services frequently, representing a disproportionate amount of healthcare costs (1). Although definitions of frequent ED use vary (2), a common definition is five or more visits annually (3). In high-income countries, the percentage of frequent users (FUs) of ED is between 0.3 and 8% of all patients who present to emergency services, representing up to 28% of all ED visits (4). FUs are not only heavy users of acute services, but they also frequently use other health services (5), which suggests that they are sicker and more vulnerable. This is supported by a higher-than-expected mortality (6). These factors are likely to increase healthcare system costs.

Drug use-related disorders and other psychiatric diseases seem to increase the probability of frequent ED use (7, 8), which is especially true for alcohol addiction (9).

From 1990 to 2017, there was a global increase in individual alcohol consumption, prevalence of current drinkers, and proportion of episodic heavy drinkers among adults, whereas the proportion of lifetime abstinence declined. These trends are anticipated to continue in the coming years (10). Patients with alcohol-related problems (ARPs) are less likely to use primary care services than the rest of the population (11), but they are more likely to use emergency services (12). Furthermore, alcohol-related ED visits seem to be increasing in frequency, duration, and resource consumption (13). For instance, patients with emergency department visits related to drug use are more likely to receive diagnostic tests, such as toxicology screenings (14).

As described for other psychiatric illnesses (15), ARPs predict higher costs, not only in the ED (16), but also in the entire healthcare network (17).

Currently, the majority of studies describing the characteristics of FUs have been conducted in English-speaking countries, such as the United States, Canada, Australia, or the United Kingdom (18–20), with fewer studies available from other regions (21). Globally, healthcare costs associated with frequent ED use have received less attention (2).

This manuscript presents the secondary analyses of economic data obtained from a case–control study with the primary objective of outlining the clinical characteristics of hospital ED FUs in a Mediterranean European country (Spain). The results of that study indicated that a history of ARPs [adjusted odds ratio = 1.82 (95% confidence interval [CI] 1.26–2.64), p = 0.001] increased the probability of frequent utilization of emergency services (22). The main aims of the secondary analyses presented in this manuscript were to compare direct healthcare costs of a single urgent visit between frequent and non-frequent users of hospital emergency services and to explore the role of ARPs in direct healthcare costs of frequent ED use in a universal, public, tax-financed national health system. A secondary objective was to investigate the factors influencing the direct costs of ED utilization among individuals who are non-frequent users.



2 Methods


2.1 Study design and setting

A retrospective matched case–control study was conducted to characterize the clinical profile of ED FUs at a tertiary hospital located in a metropolitan city (Barcelona) in Spain.

The ED is responsible for treating internal medicine, psychiatric, trauma, and surgical emergencies. Electronic health records are used to track all healthcare encounters within the center and provide access to clinical care data. The ED is located in a specific building of the hospital, and different levels of acute care are assigned to different floors. The Spanish healthcare system is public, universal, and free of charge (tax-financed; Beveridge model (23)).

The study adhered to the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) Statement Checklist for case–control studies (24) (Supplementary material 1).

The main objective of the study was to determine the significance of alcohol-related issues in the frequent utilization of an ED at a general hospital in a European Mediterranean society with a public, universal, tax-funded healthcare system (Spain). Another objective was to investigate the influence of other drug use-related disorders on frequent ED use in this environment. The hypothesis for the main study was that a history of alcohol-related problems and other drug use-related disorders would increase the probability of frequent attendance at the ED.

In this article, the secondary analyses of economic data from the aforementioned study (22) are reported.

The local Ethics Committee for Clinical Research at the Hospital Clinic of Barcelona has granted ethical approval (HCB/2019/0717). The investigation was conducted in accordance with the guidelines on Good Clinical Practice (CPMP/ICH/135/95) and with the ethical principles stated in the Declaration of Helsinki 1964, as revised at the 64th World Medical Association General Assembly held in Fortaleza, Brazil, in October 2013.



2.2 Participant selection

All cases (FUs) were all adults (ages 18 to 65 years) who had at least five visits to the hospital ED from 1 December 2018 to 30 November 2019. Each case was matched by age, gender, and date of ED attendance to one control (a non-frequent user with <5 yearly ED visits during that period).

During the study period, the ED received 103,668 visits from 75,410 patients. As in previous studies (4), the initial ED attendance recorded in the electronic register from 1 December 2018 to 30 November 2019 was utilized to match, by date of presentation to the ED, each case with a control of the same age and gender, extract clinical characteristics, and calculate direct healthcare costs per urgent visit.

After electronically applying inclusion and exclusion criteria, we have identified 698 case–control pairs. Of these, 89 pairs were manually excluded, including 14 instances of duplicate cases and 75 instances of absence of a medical note. A final list of 609 case–control pairs was generated, giving a total sample size of 1218 (Figure 1).

[image: Figure 1]

FIGURE 1
 Flowchart of participant selection.


Before data extraction started, sample size calculations were performed based on estimates from previous studies (25). Assuming that 12% of controls would have a history of ARP, to detect a minimum odds ratio of 1.6 for emergency department frequent use with a power of 80% and a type I error of 0.5, a minimum of 567 case–control pairs with one matched control per case was needed, for a total sample size of 1158.



2.3 Methods of measurement

The variables obtained from each participant in the main case–control study are the following:

Outcome: frequent use of ED (≥5 visits to the ED from 1 December 2018 to 30 November 2019).

Exposures of interest include the history of any alcohol-related issues, as well as reports of other drug use-related disorders.

Covariates: age, gender, residence near the hospital, number of visits to the ED during a year, length of stay in the ED per visit (in minutes), night admission to the ED, ambulance arrival, report of other psychiatric comorbidity, report of organic comorbidity, report of alcohol drinking pattern, psychiatric assessment in the ED, social assessment in the ED, assessment by a non-psychiatric medical specialty in the ED, triage level at admission to the ED, type of specialty that discharged the patient from the ED, month of attendance at the ED, time of day at admission, type of psychiatric comorbidity, type of other drug use, situation at discharge.

To elaborate on a “Yes” in the variable “history of any alcohol-related problem,” the medical report had to include the history of diagnoses according to the International Classification of Diseases, Tenth Revision (ICD-10) (26) and the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) (27), given in the table included in Supplementary material 2. The presence in the medical report of clinical presentations compatible with these pathologies, even if they were not coded through a standardized disease classification system, was also considered affirmative for the presence of ARPs. The reporting of other clinical conditions, such as accidents and trauma, when clearly related to alcohol use was also included as ARPs.

The following variables were automatically provided by the electronic health record system (SAP® software): age, gender, triage level at admission to the ED, month of attendance at the ED, time of day at admission, and length of stay (LoS). For other variables, in accordance with the general recommendations for this particular methodology (28), three team members conducted a chart data extraction. Two are psychiatrists specialized in addictions (CO and MTPC), and one is a nurse specialized in mental health (AMH). Prior to the commencement of extraction, all abstractors attended a meeting with the corresponding author (CO) to train in chart review methodology. If a condition was not mentioned, the abstractors documented that the condition was not present. Before formally beginning the extraction process, they reviewed 20 sample cases to assess reliability. This was confirmed by a Fleiss multi-rater Kappa statistic >0.6 for all variables. Throughout the extraction period, chart abstractors and senior researchers (AG, MB-O, HL-P) regularly met to resolve disputes and review coding rules.

Further details on the data extraction criteria are described elsewhere (22).

For the secondary analyses presented in this article, financial data on direct medical costs (in euros, €) per ED visit were obtained from the hospital’s financial department (Supplementary material 3).



2.4 Data analysis

The statistical analyses were performed using SPSS version 23.0 (IBM Corp., Armonk, NY, United States) and Stata 14 (StataCorp LLC, College Station, TX, United States). Data were summarized with descriptive analyses: continuous quantitative variables with total numbers, mean (M), and standard deviation (SD) and categorical variables with counts and percentages. To compare the costs and LoS between cases and controls, Student’s t-tests for paired samples were used.

Subsequently, the subgroups of frequent and non-frequent users were analyzed separately to ascertain which patient characteristics and professional interventions influence direct total costs per ED visit within each subgroup. ED users with ARPs were compared to users without ARPs using bivariate analyses (independent-samples t-tests, one-way analysis of variance, Chi-square tests, and multiple linear regression). In multivariate analyses, multiple linear regression models were used with total direct costs per ED visit as the dependent variable. Variables deemed clinically relevant and that were statistically significant (p < 0.05) for the dependent variable in bivariate analyses were incorporated into adjusted models employing a backward stepwise selection algorithm.




3 Results


3.1 Descriptive analyses

The sample included 609 case–control pairs (N = 1218; Tables 1–3). During the one-year period (1 December 2018 to 30 November 2019), controls accounted for 953 visits to the ED, whereas FUs accounted for 4,463 visits. The FUs visited the ED a mean of 7.34 (SD = 4.16) times per year (minimum of 5 and maximum of 42; 88.8% visited the ED ≤10 times during the study period). Controls presented a mean of 1.56 (SD = 0.87) times per year to the ED. The mean total direct expenses per ED visit were 244.87 € (SD = 268.86) among ED FUs and 200.43€ (SD = 310.12) among controls. There were no missing data.



TABLE 1 Patient characteristics (clinical and sociodemographic data) of ED FUs (cases) vs. non-frequent users (controls): descriptive statistics.
[image: Table1]



TABLE 2 Professional interventions received in the ED by ED FUs (cases) vs. non-frequent users (controls): descriptive statistics.
[image: Table2]



TABLE 3 Detailed healthcare costs per a single ED visit ED FUs (cases) vs. non-frequent users (controls): descriptive statistics.
[image: Table3]



3.2 Bivariate analyses

During the comparison of cases and controls in bivariate analyses, the mean total healthcare direct costs per ED visit were higher for FUs compared with non-frequent users [mean difference, 44.44 euros; 95% CI 13.4–75.5; t(608) = 2.811; p = 0.005]. The mean healthcare human resources costs for ED FU visits were higher by 55.97€ (95% CI 33.39–78.56) compared to costs for non-frequent users [t(608) = 4.868; p < 0.0005]. Mean LoS was longer for FUs by 142.117 minutes (95% CI 81.55–202.68) compared to non-frequent users [t (608) = 4.608, p = 0.0005].

In the bivariate analysis comparing ED FUs with and without ARPs and controls with and without ARPs, the mean total costs, healthcare human resources costs, and structural costs were higher, and the mean LoS was longer in the ARP groups from both FUs and non-frequent ED users (Table 4).



TABLE 4 Independent samples t-tests comparing ED FUs with and without ARP and non-frequent users of the ED with and without ARP.
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3.3 Multivariate analyses

In a multiple linear regression model (Table 5) analyzing total costs per ED visit among FUs, we found that LoS, triage level, ambulance arrival, and the specialty that discharged the patient were significant predictors of direct costs. Longer LoS and ambulance arrival predicted higher costs per ED visit among FUs.



TABLE 5 Multiple linear regression models examining patient characteristics and professional interventions that influence direct total costs per ED visit among ED FUs.
[image: Table5]

Among non-frequent ED users (Table 6), the significant predictors identified in multivariate analysis were LoS, triage level, ambulance arrival, specialty that discharged the patient, and receiving assessment by a non-psychiatric medical specialty in the ED. The longer duration of LoS, ambulance arrival, and receiving assessment by a non-psychiatric medical specialty in the ED predicted higher costs per ED visit.



TABLE 6 Multiple linear regression models examining patient characteristics and professional interventions that influence direct total costs per ED visit among non-frequent ED users.
[image: Table6]




4 Discussion

To our knowledge, this investigation is one of the few to focus on understanding the influence of ARPs on healthcare costs related to frequent use of hospital emergency services in a public, universal, free-of-charge national health system.

In this secondary analysis, the mean direct total healthcare costs of a single ED visit in a general hospital were 22.2% more expensive among ED FUs compared to controls. It is clear that ED FUs present for emergency services much more frequently than do other patients and that, as a result, the total healthcare costs of this frequent use will be greater over time, as reported previously. A study conducted in the United States showed that, after a year, the global costs of attendance to emergency services were $10,465,216.07 among ED FUs compared with $1,012,610.21 among non-frequent ED users. However, past studies also pointed out that healthcare costs were similar for each ED visit between ED FUs and other users (29). Our results suggest that healthcare costs associated with ED frequent use are higher not only because of frequency but also because each consultation entails greater complexity, as indicated by the 37.6% longer mean LoS and 39.6% higher mean healthcare human resources costs for ED FUs compared with controls.

Results of bivariate analyses suggest that a history of ARPs was associated with an increase in mean total direct costs per visit among all ED users, raising mean human resources costs and LoS to an even greater degree among non-frequent users compared with FUs. Among ED FUs, a history of ARPs was linked to a 32.5% higher mean direct total cost per visit. Compared to ED FUs without ARPs, FUs with ARPs exhibited a 21.6% longer mean LoS, and each ED visit was 35.7% more expensive in terms of human resources costs. Among non-frequent users, ARPs were associated with a 68.5% higher mean direct total cost per visit. Compared with controls without ARPs, non-frequent users with ARPs had a mean LoS that was 93.3% longer, and each ED visit was 85.6% more expensive in terms of human resources costs. These results that suggest increased healthcare costs for patients with ARPs are similar to previously reported findings. In a Canadian sample of people with chronic diseases, psychiatric illnesses significantly increased the use of healthcare resources and their associated costs, whereas alcohol use disorders and other addictions had the highest rates of presentation to emergency services (15). In an Australian study involving ED patients, those who need extensive specialized treatment for alcoholism and other addictions attended the ED more frequently and incurred higher costs per visit. In addition, their hospital stays were usually longer (16). In a Catalan sample of adult primary healthcare patients, alcohol consumption was associated with increased charges from the public medical care system, showing a positive dose–response relationship (17).

The mean total direct cost per ED visit among ED FUs with ARPs was 295.77€ (SD = 275.66) in our analysis. Previous research on how ARPs affect frequent ED use–related costs is scarce, but estimates reported so far of healthcare costs for alcohol use–related ED presentations are generally higher. For instance, among ED users in the Netherlands, the average total expenses per patient seeking treatment for acute alcohol intoxication at the ED amounted to €1070 (encompassing estimated costs for ambulance transportation, ED visits, and hospital admission) (30). In an investigation involving adult ED users of a Belgian high-complexity hospital during a single year who attended the ED due to inebriety, the average estimated treatment cost was €541.32 per patient (31). However, most available estimates of urgent care costs related to alcohol use are reported from different countries, with distinct health systems and different costs of living.

In multivariate analyses, LoS, triage level, ambulance arrival, and type of specialty that discharged the patient were associated with total direct costs per ED visit among ED FUs in our sample. These factors were also associated with total direct costs among non-frequent users, as was undergoing assessment by a non-psychiatric medical specialty in the ED. According to these results, the most robust predictors of healthcare direct costs per ED visit would be the LoS, triage level, ambulance arrival, and discharge type of specialty for all users. The findings of the LoS and the triage level as predictors of ED healthcare costs are consistent with previous literature (32). Patients arriving by ambulance to the ED were noted to experience extended stays in the emergency services and incurred higher average expenses (33). The type of specialty that discharges the patient is also a predictor of ED healthcare costs, which is congruous with earlier evidence, as different types of diseases have been associated with diverse healthcare costs (34). Undergoing assessment by a non-psychiatric medical specialty is a predictor of costs among non-frequent users and is also consistent with previous knowledge. Multimorbidity is associated with an increased use of healthcare services, with associated costs (35). Nonetheless, given that ARPs were likely underreported in the reviewed charts, these results may underestimate emergency department costs attributable to ARPs.


4.1 Limitations

Some limitations of the current investigation should be noted. The first involves the case–control design, as retrospective data provide limited-quality evidence (28). Also, due to the focus of the original study on the relationship between substance use disorders and frequent ED use, clinical complexity was more finely assessed for substance use disorders and other psychiatric comorbidities and not so much for organic (non-psychiatric) medical comorbidities. Researchers were not blind to the study objectives or to the status of study participants (28). Since this is a single-center study, our findings might not be applicable to different contexts. Furthermore, variables of interest for this study could have been underreported in the charts. The literature suggests that psychiatric disorders (36), and especially addictions (25), are underreported in emergency medical reports. Therefore, it is possible that the findings underestimate the ED costs attributable to ARPs. Also, the estimates reflect only direct medical costs incurred only in the ED of one hospital, and the costs of using other resources of the healthcare system were not studied.

Despite these constraints, the academic background of abstractors equipped them with the expertise needed to precisely comprehend the subtleties of clinical data in the charts they reviewed. Additionally, they received standardized training in variable extraction and attended regular meetings with senior researchers to address disputes and review coding rules. Although prospective longitudinal studies provide higher-quality evidence, the clinical and social complexity of ED frequent users often makes long-term follow-up challenging. Retrospective designs are a useful initial approach for exploring large samples of this kind of patient.

Above all, the current study contributes to the limited body of research investigating expenses associated with frequent ED visits.




5 Conclusion

In a high-complexity public hospital, each FU attended the ED between 5 and 42 times per year, with an average of around 7 ED visits per patient. The mean direct total healthcare costs of a single ED visit were 22.2% higher among ED FUs than among matched, non-frequent users of emergency services. Given the association between a history of ARPs and a significantly increased likelihood of repeated emergency service use within the same sample, we propose that implementing targeted intervention protocols in the emergency room to address these issues simultaneously could mitigate the high healthcare costs associated with frequent ED use.
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Background: The provision of high-quality healthcare services and patient satisfaction are fundamental objectives in modern healthcare. Humanistic nursing care, which emphasizes empathy, respect for individuality, and cultural sensitivity, aims to build trust and improve the overall experience for patients. This approach is especially relevant for rural patients in China, who often face additional challenges in accessing care in large tertiary hospitals.

Methods: A multistage, stratified sampling method was employed to collect data from 8,263 patients aged 18 years or older in large public tertiary hospitals. Humanistic care satisfaction scores were measured using the Nurse Caring Instrument (NCI) questionnaire, a validated tool for assessing patient satisfaction with nursing care.

Results: Satisfaction with nursing humanistic care among rural Chinese patients attending large tertiary public hospitals was low with the overall mean satisfaction score 81.62 ± 16.85. Significant differences in satisfaction were found based on age, marital status, number of children, educational attainment, occupation, monthly household income, department visited, type of medical insurance, and first-time visitor. A multivariate analysis revealed positive correlations with satisfaction for factors such as having children, higher education, higher family monthly income, and first-time visitor, and negative correlations for factors such as older age, being widowed, department visited, and region.

Conclusion: Older adults, widowed individuals, and first-time patients expressed lower levels of satisfaction, highlighting the need for tailored interventions. The findings provide insights into the impact of humanistic nursing care for rural patients and emphasize the importance of culturally sensitive approaches to improve patient satisfaction in rural China. This study has several limitations. The cross-sectional design restricts the ability to establish causal relationships, and there is a potential for selection bias, as participants who completed the survey may have higher educational and economic levels, possibly leading to an overestimation of satisfaction. Lastly, as this study focused on rural patients in large public tertiary hospitals in China, the findings may not be generalizable to other settings or patient groups. Future studies should address these limitations for broader applicability and insight.
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1 Introduction

The provision of high-quality healthcare services and patient satisfaction are the fundamental objectives of modern healthcare. High-quality healthcare services encompass a multifaceted spectrum that not only includes essential biomedical interventions, such as pharmacotherapy, surgical procedures, and standard nursing care, but also the broader dimensions of humanistic nursing care. The concept of humanistic care was initially proposed in the 1970s by Madeleine Leininger, an American nursing scholar, and subsequently developed and expanded by Jean Watson, who established the theoretical underpinnings of nursing humanism (1–3). The essence of humanistic nursing care lies in meeting patients' needs and enabling them to feel both physical and psychological support through nursing competencies, attitudes, and behaviors. Its primary goal is to help patients achieve physiological, psychological, and sociocultural wellbeing. Humanistic care is not only a professional attitude and emotional labor but also a dynamic process that integrates nursing procedures with nurse-patient communication. As one of the fundamental needs of patients, humanistic care is not only a critical component of patient satisfaction but also a key indicator and intrinsic element of high-quality nursing services. With the continuous progress in social development, humanistic nursing care is practiced by more and more healthcare facilities around the world. Guided by the International Circulation Care Association, 42 Humanistic Care Guidelines for nurses were introduced in 2003. In China, expert Liu et al. incorporated Watson's 10 caring elements into research on humanistic nursing practice for care management. Using theoretical guidance, pilot caring wards, thematic research, international collaboration, and industry exchanges, they established an inpatient humanistic care model and improved evaluation indicators, providing strategic direction for nursing managers (4, 5). Humanistic nursing care emphasizes the establishment of profound empathetic connections between healthcare providers and patients with a focus on compassion, empathy, and culturally sensitive interactions (6, 7). Humanistic nursing is vital for patients; it is an important aspect of patient satisfaction and an essential component of quality nursing care (8, 9). The absence of humanistic nursing has a direct impact on patient recovery, reduces the quality of medical services and patient satisfaction, and can lead to nurse–patient conflict (10–12).

Guided by the International Circulation Care Association, 42 Humanistic Care Guidelines for nurses were introduced in 2003 (16). That year, Watson developed the ANCM model from a patient-centered approach to strengthen nurses' caring abilities through programs covering care assessment, planning, implementation, and continuous care (17). In China, expert Liu et al. (18–22) incorporated Watson's 10 caring elements into research on humanistic nursing practice for care management. Using theoretical guidance, pilot caring wards, thematic research, international collaboration, and industry exchanges, they established an inpatient humanistic care model and improved evaluation indicators, providing strategic direction for nursing managers.

While China has experienced rapid urbanization in recent years, a significant portion of its population remains predominantly rural, with the majority residing in rural areas. Despite this demographic landscape, the distribution of healthcare infrastructure and resources in China heavily favors urban centers, leaving rural areas inadequacy of healthcare resources. According to official statistics released by the National Health and Family Planning Commission of China in 2017, the total urban healthcare expenditure in China increased from 262.42 billion RMB in 2000 to 2,657.56 billion RMB in 2014, representing a more than tenfold increase. During the same period, the proportion of urban healthcare expenditure in the total national healthcare expenditure rose from 57% to 75%. In contrast, rural healthcare expenditure grew from 196.24 billion RMB in 2000 to 873.68 billion RMB in 2014, an approximately fourfold increase. However, the proportion of rural healthcare expenditure in the total national healthcare expenditure declined from 43% to 25% over the same period.

Consequently, most rural patients often choose to go to large tertiary hospitals in regional centers when they face more serious illnesses (13, 14). At present, rural patients in China constitute a significant proportion of the population seeking healthcare services in large tertiary hospitals, these patients often undertake arduous journeys to access specialized care, facing a myriad of challenges, including arduous journeys to access healthcare facilities, economic disparities, communication difficulties and cultural differences, and limited healthcare resources. This psychological dilemma of the helplessness is especially pronounced when traveling to a large medical institution in a regional city (15, 16). In this context, the provision of humanistic nursing care has become essential to enhancing rural patients' overall healthcare experience and satisfaction. It not only addresses patients' physical needs but also their emotional and psychological requirements, contributing to the provision of more comprehensive healthcare services.

This study assesses rural patients' satisfaction with humanistic nursing care in large public tertiary hospitals in China, and seeks to identify areas for improvement to ensure that rural patients receive healthcare that not only addresses their clinical needs but also their emotional and psychological requirements.



2 Methods


2.1 Study design

The study protocol was approved by the Ethics Committee of Tongji Medical College, Huazhong University of Science and Technolog (Approval No.: 2022S161). This national cross-sectional study used a multistage, stratified sampling method to obtain a representative sample of people aged 18 years or older to assess patient-reported satisfaction with humanistic nursing care among rural patients in large public tertiary hospitals in China from 1 July to 15 August 2022, based on the China Life Care Association. In the first stage, four regions—northeast, east, central, and west—were selected. Subsequently, specific provinces or municipalities within these regions were identified. A total of 30 provinces were chosen based on the regional distribution of hospital members affiliated with the China Life Care Association. The sample size for each province was determined proportionally to its population relative to the national population. In the second stage, the number of tertiary hospitals to be included from each province was calculated, taking into account the population distribution across cities within the province and the annual number of inpatients per hospital. This ensured a representative number of patients per hospital for the survey. In the third stage, hospital managers from the selected hospitals in the second stage served as the sampling units. Ultimately, a total of 83 hospitals were included in the study. Figure 1 presents a schematic diagram illustrating the process employed in this study.


[image: Figure 1]
FIGURE 1
 Hospital sites and respondent selection process.




2.2 Instruments and measures

The survey instruments were largely based on the Methodist Health Care System Nurse Caring Instrument (NCI) developed by the Nursing Care Quality Control Council of the Houston Health Care System in 2000 to assess inpatients' satisfaction with humanistic nursing (17). The survey comprised two sub-questionnaires, which were developed and approved by the research team based on a comprehensive literature review (18). The general information questionnaire included the patient's hospital, sex, age, marital status, number of children, education attainment, place of residence, monthly household income, whether it was the patient's first visit, time of visit, type of medical insurance, department visited, area of visit, and whether surgery was performed. The Humanistic Nursing Care Satisfaction Scale was assessed using the NCI, which was developed by the Nursing Care Quality Control Council of the Houston Health Care System as part of the Humanistic Care Satisfaction questionnaire (19–21). This questionnaire is the most frequently used instrument for assessing the quality of care and consists of 20 items covering 12 dimensions: care coordination, competence, teaching/learning, emotional support, respect for individuality, physical comfort, availability, helping/trusting relationships, patient/family involvement, physical environment, spiritual environment, and outcomes. The items reflect concepts from the caring literature and the caring theory of Watson and others, as well as items that are familiar areas of assessment on other instruments. Each item provides seven answers corresponding to a seven-point Likert scale. The items (“seldom or rarely,” “often or frequently,” “always or almost always,” and “does not apply”) were scored from one to seven, resulting in a total score of 140. A higher score indicates greater satisfaction with nurses' care.

After obtaining authorization from the original authors, we embarked on a comprehensive adaptation and reliability testing process. Our team meticulously employed a multifaceted scientific approach to develop, localize, and validate the questionnaire's reliability, feasibility, and acceptability. This robust process encompassed an extensive literature review, patient cognitive interviews, input from a diverse range of stakeholders (including healthcare regulators, hospital managers, doctors, nurses, and patients), psychometric analyses, pilot tests conducted across three provinces, small-scale multidisciplinary expert consultations, and field tests. To ensure the feasibility and acceptability of the tool, we analyzed missing item response percentages, reviewed interviewer-reported acceptability, and assessed the time and ease of administration. The internal consistency and reliability of each dimension were evaluated using Cronbach's α coefficients and inter-subscale correlations. The Chinese version of the NCI questionnaire demonstrated excellent reliability with an overall Cronbach's alpha of 0.982. The helping/trusting dimension obtained a Cronbach's α of 0.943, the respect for individuality dimension a Cronbach's α of 0.907, the patient/family involvement dimension a Cronbach's α of 0.937, the emotional support dimension a Cronbach's α of 0.895, and the care coordination dimension a Cronbach's α of 0.908. For the remaining dimensions, which consisted of single items, Cronbach's α coefficients could not be calculated. Overall, the questionnaire's strong reliability was well-supported within the context of our study, underscoring a coherent, logical, and methodically sound research design.



2.3 Sample size calculation

The survey's target population included inpatients admitted to large public tertiary hospitals. The inclusion criteria for participation were: (1) patients who were stably residing in rural areas of China, whether they paid rural health insurance or not; (2) patients who were older than 18 years; (3) patients who were hospitalized for >5 days; (4) patients who were conscious; and (5) patients who had voluntarily completed the questionnaire. The exclusion criteria were: (1) patients who were unable to use a smartphone or have intellectual or cognitive impairments to complete the cognitive assessments required for the trial; and (2) patients without smartphones or who were unable to answer the questionnaire using a smartphone.

Drawing on patient satisfaction rates reported for outpatient and inpatient settings in both China and internationally, we established the expected satisfaction rate at 70% (22–25). The primary formula used for determining the study's sample size was n = [image: image] (1-π)/δ2, where uα/2 = 1.96, α = 0.05, π represents anticipated patient satisfaction with humanistic nursing (70% in this study), and δ denotes the admissible error (10% for this study). Using this formula, the theoretical sample size was calculated as 90, with an additional 10% added to account for any potential loss during the study (26). After taking into account variations in the number of hospital inpatients and to make the data more representative, we decided to enroll a minimum of 200 patients from each tertiary hospital. The total number of patients interviewed for this study was 13,325. To control for selection bias, a final sample of 8,263 participants was included in the analysis after excluding incomplete or invalid questionnaires.



2.4 Data collection

The Human Care Professional Committee of the China Life Care Association initiated and coordinated the study to ensure high-quality data collection and analysis. The research was carried out utilizing the Questionnaire Star Platform. Following the acquisition of consent from hospital administrators, leaders from diverse hospitals nationwide, identified as research subjects, were briefed on the questionnaire's purpose and specific implementation details before the commencement of the nationwide survey. Trained researchers conducted a random-sampling survey of eligible rural inpatients at the hospital's discharge settlement office, after obtaining informed consent for their participation in the study and administering the questionnaire survey. All the survey questionnaires were completed and submitted anonymously. Rigorous quality control measures were instituted to uphold the scientific and authentic nature of data collection. The survey's data collectors received comprehensive training from various hospitals across the country before the nationwide survey. The training encompassed research objectives, significance, target population, and questionnaire completion methods to ensure the scientific and authentic nature of data collection. Throughout the questionnaire survey, strict adherence to the inclusion and exclusion criteria was maintained in the selection of research subjects. Patients were briefed on the purpose of the research, with an assurance of strict adherence to confidentiality and anonymity principles. Quality control measures involved scrutinizing the questionnaires' quality and excluding invalid questionnaires before data entry. Simultaneous input by two individuals during data entry was employed to ensure accuracy and precision.



2.5 Statistical analysis

The statistical analysis was conducted after excluding invalid questionnaires obtained from Questionnaire Star. The data were imported into SPSS (version 25.0) using an Excel spreadsheet. To ensure accuracy, a two-person crosscheck method was employed after eliminating invalid questionnaires. Continuous variable distributions were described using means and standard deviations, whereas categorical variable distributions were described using frequency counts. Univariate methods were initially used to analyze the relevant indicators in order to identify risk factors, which were subsequently incorporated into a multivariate logistic regression analysis.




3 Results


3.1 Participants' characteristics

A total of 13,225 patients were interviewed for this study, of which 8,263 patients had valid questionnaires; 4,962 patients' questionnaires were declared invalid and excluded, mostly due to incomplete responses. The 8,263 patients included in the study were distributed across 50 tertiary hospitals in 25 provincial administrative units across the country. The sample consisted of 4,328 (52.38%) male patients and 3,935 (47.62%) female patients, of which 5,679 (68.73%) were between 50 and 70 years old, 5,285 (63.96%) were married, and 7,510 (90.88%) had one or more children. Patients' literacy levels were generally concentrated at a high school level or below (7,049; 85.31%). Most were mainly engaged in agricultural production, employment, or contract work (5,329; 64.49%), the majority mainly resided in rural areas (5,568; 67.38%), and most had a monthly household income of < 5,000 yuan (6,171; 74.68%). The purpose of their visit was mainly for internal medical or surgical treatment (6,916; 83.70%); 6,962 (83.82%) of the patients had rural co-operative medical insurance and 6,883 (83.30%) of them were visiting a large hospital for the first time. The patients' demographic characteristics are summarized in Table 1.


TABLE 1 Comparison of humanistic caring satisfaction scores of subjects with different demographic characteristics.

[image: Table 1]



3.2 Humanistic nursing care satisfaction scores of patients with diverse characteristics

Table 1 summarizes the results of the comparative analysis of humanistic care satisfaction scores based on patients' characteristics. The Humanistic Care Satisfaction Scale's maximum score is 140, and the overall mean satisfaction score for humanistic care in this study was 81.62 ± 16.85, showing that satisfaction with nursing humanistic care among rural Chinese patients attending large tertiary public hospitals was generally at a low level. We found no statistical difference in satisfaction with humanistic care among patients by gender, place of residence, region, and whether or not they had surgery, while age, marital status, number of children, educational attainment, occupation, monthly household income, department visit, medical insurance type, and first-time visitor showed statistical differences (Table 1).

Specifically, the older the patient, the lower their satisfaction with humanistic care, and the lowest level of satisfaction with humanistic care was among patients over 80 years old (76.32 ± 16.85). Marital status also had a greater impact on patients' satisfaction, with the lowest level of satisfaction with humanistic care among widowed patients (76.21 ± 16.82 points). We also found a direct correlation between number of children and the patient's satisfaction with humanistic care. In terms of education attainment, rural patients with a primary school education had the lowest level of satisfaction with humanistic care (75.58 ± 10.89). In terms of occupation, farmer had the lowest level of satisfaction with humanistic care (73.25 ± 12.35). In terms of monthly household income, those with an income of < 3,000 and 3,000–5,000 had the lowest satisfaction with humanistic care. First-time visitors also had lower levels of satisfaction with humanistic care (Table 1).



3.3 Factors associated with humanistic care satisfaction

The multiple linear regression analysis (Table 2) revealed significant associations between various factors and humanistic care satisfaction scores. The significant variables included in the model were selected based on their significance in the univariate analysis to ensure clarity and methodological transparency. Children number (β = 0.363, SE = 0.076), education attainment (β = 0.285, SE = 0.062), monthly household income (β = 0.391, SE = 0.061), and first time visited (β = 0.338, SE = 0.039) were found to have significant positive correlations with humanistic care satisfaction scores. In contrast, age (β = −0.232, SE = 0.051), marital status (β = −0.135, SE = 0.039) and department visited (β = 0.383, SE = 0.114) displayed significant negative correlations with humanistic care satisfaction scores. The R2 value for this analysis was 0.592 and the adjusted R2 value was 0.376.


TABLE 2 Multiple linear regression analysis of the factors associated with humanistic care satisfaction scores.
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4 Discussion

This national cross-sectional study's findings shed light on rural patients' satisfaction levels with humanistic nursing care at large public tertiary hospitals in China. The emphasis on humanistic care in healthcare settings has gained significance globally, and its impact on patient satisfaction is evident in various contexts. In rural healthcare settings in China, where challenges related to access, communication, and cultural differences are pronounced, understanding the nuances of humanistic nursing care is critical for improving healthcare outcomes (27–30). Our findings revealed that the overall satisfaction with humanistic nursing care among rural patients was moderately low, emphasizing a critical area for improvement within the healthcare system.

One significant finding was the influence of age on satisfaction levels. Older patients, particularly those over 80, reported the lowest satisfaction scores. This could be attributed to the increased vulnerability and higher expectations of this age group for empathetic and compassionate care. Additionally, older adult patients may face more chronic conditions and complex health issues, increasing their need for comprehensive care, which the current system might not fully meet. Older adult patients, particularly those of advanced age, often encounter significant challenges due to the prevalence of multiple chronic conditions, limited income, and lower educational attainment. These factors can lead to confusion and difficulty in navigating the healthcare system, especially in large tertiary hospitals. To address these issues, the government has implemented targeted measures for older adult patients in rural areas, including family doctor services, major illness insurance, medical assistance programs, and a long-term care insurance system. At the hospital level, efforts such as training ward and outpatient nurses in humanistic care and establishing humanistic care settings in patient wards have been undertaken (31–34). These initiatives aim to continuously improve patient satisfaction with humanistic care and ensure a more supportive healthcare experience. Marital status emerged as another crucial factor, with widowed patients reporting lower satisfaction levels. This demographic may experience heightened feelings of loneliness and lack of support, thus increasing their need for humanistic care. The loss of a spouse can result in a significant emotional support gap, leading to greater dependence on the healthcare system (35). Hospitals should consider implementing support systems and counseling services tailored to widowed patients to improve their overall healthcare experience.

Educational attainment and occupation were also significant determinants of satisfaction. Patients with lower educational levels and those engaged in farming reported lower satisfaction scores. These findings suggest that educational background and socioeconomic status may influence patients' perceptions and expectations of care. Patients with lower educational levels might lack understanding of medical information, affecting their perception of care quality. Farmers and low-income workers might feel overlooked and unfairly treated due to economic pressures and lack of social support. Efforts to enhance communication efforts to enhance communication and understanding between healthcare providers and patients with diverse educational and occupational backgrounds could lead to improved satisfaction. Over the years, national policies to support rural patients and low-income groups have become increasingly robust. Medical insurance reimbursement for rural patients has steadily expanded, and local governments often provide financial subsidies for low-income individuals, which reduces insurance premiums and alleviates the financial burden on rural patients (36–38). At the hospital level, several strategies have been implemented to improve satisfaction among rural patients. Humanistic care training is provided to healthcare staff to enhance communication skills and understanding of patients' psychological and emotional needs, fostering a more empathetic and personalized approach to patient care (39, 40). Guidance and navigation services are available to assist first-time visitors or patients unfamiliar with hospital procedures, helping rural patients locate relevant departments and understand the treatment process, thereby reducing anxiety and confusion. In collaboration with community health initiatives, some hospitals provide family doctor services for rural patients, ensuring continuity in health management and support before and after hospital visits. Additionally, specialized reception desks and consultation centers have been established to assist rural patients, answer questions, and offer personalized medical guidance. To address language and cultural barriers, patient services may incorporate local dialects or multiple languages, enabling rural patients from diverse backgrounds to understand medical information more effectively. Hospitals have also implemented humanistic care enhancements in hospital wards, creating a comfortable environment and providing psychological support and social work services to ensure that patients and their families feel supported during their stay. Financial counseling and assistance programs are available for economically disadvantaged rural patients, helping them navigate reimbursement procedures and access fee reduction policies to alleviate financial stress. Furthermore, health education initiatives, including lectures, brochures, and information dissemination, aim to inform rural patients about disease prevention and management, thereby improving their self-management capabilities. Collectively, these measures are designed to enhance the overall experience and satisfaction of rural patients during their medical treatment and care, contributing to a more inclusive and supportive healthcare environment.

Interestingly, first-time visitors to tertiary hospitals reported lower satisfaction levels compared to those with prior visits. This could be due to unfamiliarity with the hospital environment and processes, leading to increased anxiety and discomfort. First-time visitors may not be familiar with hospital procedures and facilities, which can add to their stress and anxiety. Hospitals should consider implementing orientation programs and support services for first-time visitors to help them navigate the healthcare system more comfortably. Income levels also played a significant role in determining satisfaction. Patients with lower monthly household incomes reported lower satisfaction scores, highlighting the impact of economic disparities on healthcare experiences. Low-income patients may face greater financial burdens and resource limitations, leading to lower expectations and satisfaction with healthcare services. Ensuring equitable access to high-quality humanistic care regardless of economic status is essential for improving overall patient satisfaction. The department visited by patients was another important factor influencing satisfaction. Departments that primarily deal with acute or severe medical conditions, such as intensive care units, reported lower satisfaction scores. This may be due to the high-stress environment and the critical nature of care provided in these settings. Patients in intensive care units often have severe conditions and higher demands for care quality, while healthcare providers in these environments might prioritize technical operations over emotional support. Enhancing humanistic care practices in such departments, including providing emotional support and clear communication, could improve patient satisfaction. Our study also found that the type of medical insurance held by patients influenced their satisfaction levels. Patients with rural cooperative medical insurance reported lower satisfaction compared to those with commercial insurance. This disparity may reflect differences in the perceived quality of care and financial burdens associated with different insurance types. The coverage and reimbursement rates of rural cooperative medical insurance may be lower than those of commercial insurance, resulting in greater financial pressure for patients. Addressing these disparities through policy changes and improving the coverage and benefits of rural cooperative medical insurance could enhance patient satisfaction.


4.1 Limitations

This study has several limitations that should be acknowledged. First, we did not conduct an in-depth analysis of each of the 12 dimensions of the NCI questionnaire, such as care coordination and emotional support. Due to the potential overlap between these dimensions, a detailed examination could introduce complexity and confusion. To maintain clarity and focus, we opted for an overall assessment of humanistic care. However, this approach may limit a deeper understanding of specific aspects of care. Future research could address this limitation by exploring each dimension individually, offering more granular insights into the components of humanistic nursing care.

Second, the cross-sectional design of this study precludes the establishment of causal relationships between patient characteristics and satisfaction with humanistic care. Longitudinal studies would be valuable in tracking changes over time, providing a more dynamic understanding of how various factors influence patient satisfaction. Third, there is a potential for selection bias, as participants who completed the survey and provided qualified data may have relatively higher educational and economic levels. This could result in an overestimation of rural residents' satisfaction with their medical visits. Future studies should aim to minimize this bias by employing more inclusive sampling strategies. Finally, this study focused exclusively on rural patients in large public tertiary hospitals in China. As a result, the findings may not be generalizable to other healthcare settings or patient populations. Future research should consider diverse healthcare environments and include a broader range of patient demographics to enhance the generalizability and applicability of the results.




5 Conclusions

This study presents a comprehensive evaluation of humanistic nursing care satisfaction among rural patients and elucidates the various factors that contribute to their perceptions of healthcare services. The outcomes of this cross-sectional investigation are poised to serve as a cornerstone for evidence-based recommendations, strategically designed to elevate the caliber of healthcare services tailored to the unique needs of rural patients in China. Older adults, widowed individuals, and first-time patients expressed lower levels of satisfaction, highlighting the need for tailored interventions. Factors such as education and family support play an important role in improving patient satisfaction with humanistic nursing. This national cross-sectional study significantly advances our understanding of the determinants influencing humanistic care satisfaction among rural patients within the context of China's public tertiary hospitals. The identified associations not only offer valuable insights but also lay the groundwork for targeted interventions and policy formulations and, ultimately, the overall quality of healthcare delivery.
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Background: The prevention and control of public infectious diseases is a significant issue in the global health sector. Controlling infectious diseases is crucial for maintaining public health. As the most populous country in the world, China still faces a series of new challenges in the control of public infectious diseases. Therefore, it is of great significance to conduct an in-depth analysis of the trends in the control of public infectious diseases.

Methodology: This study selects the death rate, incidence rate, proportion of prevention and control funds input, and the proportion of professional technical personnel in China from 2018 to 2023 as research samples and conducts statistical analysis through multiple linear regression. Overall, factors such as the incidence rate, proportion of prevention and control funds input, and proportion of professional technical personnel can explain 98.7% of the trend changes in the infectious disease death rate.

Results: Through multiple regression analysis, the regression coefficient value of 0.001 for the incidence rate indicates a significant positive impact on the mortality rate, meaning that an increase in the incidence of infectious diseases leads to a rise in mortality. The regression coefficient value of −0.012 for the proportion of funding input suggests a significant negative impact on the mortality rate, implying that increased investment in prevention and control funds will correspondingly reduce the mortality rate of infectious diseases. On the other hand, merely increasing the number of professional and technical personnel is not sufficient to control the spread of infectious diseases; comprehensive use of various prevention and control measures is required for effective public infectious disease control.

Conclusion: Public infectious disease prevention and control is a complex process that requires the consideration of multiple factors, rather than merely changing a single factor, particularly in controlling incidence rates and reasonably allocating funds. By refining the analysis of infectious disease control strategies and integrating diverse preventive and intervention measures, it is possible to better control the spread and mortality of infectious diseases, thereby protecting public health and safety.
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1 Introduction

Public infectious disease prevention and control is a crucial issue in the global health sector, as controlling infectious diseases is paramount for maintaining public health (1). China, as one of the most populous countries in the world, directly relates its public health security and social stability to the control of public infectious diseases. With the acceleration of globalization and the increase in population mobility, the world faces various threats and challenges from infectious diseases such as influenza, tuberculosis, HIV/AIDS, avian influenza, etc. (2). In the past few decades, China has made significant progress in the field of public health by establishing sound monitoring systems, increasing investment in prevention, vaccination, improving health facilities, and enhancing international cooperation, successfully controlling the spread and outbreaks of various infectious diseases (3). However, with factors such as the spread of pathogens, urban–rural disparities, and environmental pollution, China still faces a series of new challenges, such as inadequate vaccination rates and increasing antibiotic resistance (4, 5). Therefore, conducting in-depth analysis of the trend of public infectious disease control is of great significance. Public infectious disease control trends refer to the development direction or trends presented in the control and management of infectious diseases in a specific region or country. The purpose of public infectious disease trend control is to reduce the incidence and mortality rates of infectious diseases. These trends involve various aspects, including the mortality rate, incidence rate, investment in prevention and control costs, transmission routes, and utilization of medical resources. Analysis of public infectious disease control trends can help governments, health institutions, and researchers better understand the dynamic changes of infectious diseases. This not only helps in comprehensively understanding the current public health challenges and issues but also aids in proposing control policy recommendations and prevention strategies concerning the development trends of infectious diseases (6). According to the medical community’s definition of the nature of infectious diseases, infectious diseases are a class of diseases caused by various pathogens that can be transmitted between humans, animals, or between humans and animals (Figure 1) (7). According to the provisions of the Infectious Diseases Prevention and Control Law of the People’s Republic of China, infectious diseases are classified into three categories (A, B, and C) based on the outbreak, prevalence, and degree of harm when they occur (8). Category A infectious diseases include plague and cholera; Category B infectious diseases include infectious atypical pneumonia, AIDS, viral hepatitis, poliomyelitis, human infection with highly pathogenic avian influenza, measles, epidemic hemorrhagic fever, rabies, epidemic encephalitis B, dengue fever, anthrax, bacterial and amoebic dysentery, tuberculosis, typhoid and paratyphoid fever, epidemic meningitis, pertussis, diphtheria, neonatal tetanus, scarlet fever, brucellosis, gonorrhea, syphilis, leptospirosis, schistosomiasis, and malaria; Category C infectious diseases include influenza, epidemic parotitis, rubella, acute hemorrhagic conjunctivitis, leprosy, epidemic and endemic typhoid and paratyphoid fever, black fever, hydatid disease, and filariasis, except for cholera, bacterial and amoebic dysentery, and typhoid and paratyphoid fever. Other infectious diseases outside the above catalog, according to their outbreak, prevalence, and degree of harm, need to be classified as category B or C infectious diseases, which are determined and announced by the health administrative department of the State Council of China (8).
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FIGURE 1
 Prevalence of public infectious disease and control.


This article collected and analyzed the number of cases and deaths of category A, B, and C infectious diseases in China since 2018, as well as the government’s financial expenditure on the control of major public infectious diseases and the number of professional and technical personnel for prevention and control of infectious diseases. It analyzed the trend of public infectious diseases and their control and conducted multivariate linear regression analysis on relevant factors. The purpose of this article is to emphasize the critical role of public infectious disease prevention and control in maintaining public health and social stability through a study of the correlation trends in public infectious disease control. It aims to provide governments, health institutions, and researchers with deeper insights to formulate more targeted control policies and methods, thereby helping to enhance China’s public health response capabilities to better address the threats posed by infectious diseases and ensure the health and stability of the public. This is also the contribution of this article.



2 Literature review

The analysis of trends in public infectious disease control is an important research field involving multiple disciplines such as public health, epidemiology, and medicine (9). The theoretical foundation of research on trends in public infectious disease control involves various disciplines and theoretical frameworks, mainly including epidemiological theory, behavioral science theory, and health services management theory (10). Epidemiological theory views public infectious diseases and other epidemiological phenomena as the study of disease spread and impact within populations. Through epidemiological investigations and analysis, it can reveal the patterns, transmission routes, and high-risk populations of public infectious disease outbreaks, providing a scientific basis for the development of effective strategies to control disease transmission (11). Behavioral science theory focuses on individual and collective behavior patterns, preferences, and decisions. This theoretical perspective is crucial for understanding people’s behavioral responses and health decisions in the context of infectious disease transmission control. Behavioral science theory can be used to analyze the public’s cognition, attitudes, and behaviors regarding infectious disease trends, guiding the design of effective health education and control strategies (12). Health services management theory involves aspects such as the organization, management, policy formulation, and resource allocation of health systems. It is essential for planning, implementing, and evaluating the control of public infectious disease trends. Health services management theory can be utilized to assess the responsiveness of infectious disease control systems, the effectiveness of trend control policies, and the fairness of medical resource allocation (13). It can be observed that the theoretical foundation of research on trends in public infectious disease control encompasses multiple theoretical perspectives. It requires the comprehensive application of epidemiology, behavioral science, health services management, sociology, and information technology to comprehensively and systematically understand and address the challenges faced in controlling trends in public infectious diseases.

Both internationally and domestically in China, many scholars have conducted research and analysis on the trends in public infectious disease control. The research encompasses various aspects, typically covering the processes, challenges, strategies, and trends in infectious disease trend control over the past, present, and future. These studies include: “Infectious disease in an era of global change” by Rachel E. Bake et al. This paper analyzes the epidemiological trends of major infectious diseases globally, including HIV/AIDS, tuberculosis, malaria, and influenza. It summarizes the transmission patterns, influencing factors, and effectiveness of control strategies for these diseases, providing reference for the formulation of global infectious disease control policies (14). “Mathematical modeling of infectious disease dynamics” by Constantinos I. Siettos and Lucia Russo. This paper introduces the application of mathematical modeling and simulation in infectious disease control. By constructing mathematical models of disease transmission and utilizing computer simulation techniques, researchers can evaluate the effects of different intervention measures, optimize prevention and control strategies, and predict the development trends of epidemics, thus providing scientific basis for decision-making in disease control (15). “Global trends in emerging infectious diseases” by Kate E. Jones et al. This paper focuses on analyzing the global trends and challenges of emerging infectious diseases, including the impact of pathogen variation, population mobility, and globalization on disease transmission. It emphasizes the need for closer global cooperation to address the challenges posed by emerging infectious diseases (16). “Emphasis of infection prevention and control: A review” by Harsh Thakur and Rahul Rao. This paper reviews the trends and prospects of infectious disease prevention and control measures, including innovations in funding, vaccine development, drug treatment, and rapid testing technology. It suggests that with continuous technological advancements, infectious disease prevention and control will become more intelligent and precise, offering new possibilities for achieving comprehensive disease control (17). In China, the article “China’s 70-year Effectiveness in the Prevention and Control of Infectious Diseases” by Yang Weizhong analyzes the prevention and control processes of infectious diseases such as smallpox, plague, cholera, dysentery, typhoid fever, measles, diphtheria, pertussis, meningococcal meningitis, mumps, schistosomiasis, and hemorrhagic fever over the past 70 years. It significantly reduced the incidence and mortality of infectious diseases, providing confidence and insights for future disease prevention and control efforts (18). Additionally, Zhou Yuhui’s article “Research on the Current Situation of Infectious Diseases and the Construction of Prevention and Control System in China” comprehensively reviews the epidemic situation of infectious diseases in China and systematically analyzes the prevention and control system from aspects such as legal and regulatory framework, joint prevention and control mechanism, prevention and control institutions, monitoring and early warning system, vaccine research and development, and fundraising mechanism. The article proposes recommendations for the development of a modernized infectious disease prevention and control system from the perspectives of comprehensive prevention and control strategies, monitoring and early warning capabilities, increased funding, enhanced technological innovation support, and strengthened international communication and cooperation (19). Although these literature pieces analyze the development and measures of infectious disease prevention and control from various perspectives, they lack more detailed data analysis on the correlation between the incidence, mortality, and control measures of infectious diseases in specific regions and countries. This paper aims to study the changing trends in the incidence and mortality of infectious diseases in China in recent years and analyze the linear relationship between infectious disease mortality rate and control measures using multivariate linear regression methods. The goal is to explore the trends in infectious disease control and provide insights and measures for future epidemic trend control, which is the purpose of this study.



3 Data and methodology


3.1 Data

The People’s Republic of China established the Ministry of Health in 1952 and set up institutions for the prevention and control of infectious diseases and epidemiological research, strengthening the monitoring and control of infectious diseases. In 1955, China successfully controlled a large-scale outbreak of plague (20). Meanwhile, China gradually established a surveillance and reporting system for infectious diseases, forming a four-level disease monitoring network at the national, provincial, municipal, and county levels. Disease monitoring and reporting have become important means of prevention and control, helping to detect outbreaks promptly (21). From the late 20th century to the early 21st century, China faced a series of severe infectious disease outbreaks, such as Severe Acute Respiratory Syndrome (SARS) and avian influenza. These outbreaks posed new challenges to China’s infectious disease prevention and control efforts and prompted the government to take more proactive measures to strengthen the prevention and control system for infectious diseases and enhance its capacity to respond to public health emergencies (22). This study selected the trend changes in the mortality rate and incidence proportion of infectious diseases in China from 2018 to 2023 as the research sample. Due to the wide scope of the outbreak of novel coronavirus infections, government special funding and separate plans were implemented for prevention and control, so they were not included in the analysis scope of this study.

In 2018, there were 3.063 million reported cases and 23,174 reported deaths from Class A and B infectious diseases nationwide in China. The top five reported diseases by incidence were viral hepatitis, pulmonary tuberculosis, syphilis, gonorrhea, and bacterial and amoebic dysentery, accounting for 92.2% of the total reported cases of Class A and B infectious diseases. The top five reported diseases by mortality were AIDS, pulmonary tuberculosis, viral hepatitis, rabies, and Japanese encephalitis, representing 99.3% of the total reported deaths from Class A and B infectious diseases. In 2018, the mainland population of China was 1,395.38 million (excluding Hong Kong, Macao, and Taiwan). Calculated per 100,000 people, the incidence rate of Class A and B infectious diseases nationwide was 219.51/100,000, and the mortality rate was 1.66/100,000 (23). In 2019, there were 3.072 million reported cases and 24,981 reported deaths from Class A and B infectious diseases nationwide in China. The top five reported diseases by incidence were viral hepatitis, pulmonary tuberculosis, syphilis, gonorrhea, and scarlet fever, accounting for 91.1% of the total reported cases of Class A and B infectious diseases. The top five reported diseases by mortality were AIDS, pulmonary tuberculosis, viral hepatitis, rabies, and epidemic hemorrhagic fever, representing 99.6% of the total reported deaths from Class A and B infectious diseases. In 2019, the mainland population of China was 1,400.05 million (excluding Hong Kong, Macao, and Taiwan). Calculated per 100,000 people, the incidence rate of Class A and B infectious diseases nationwide was 219.44/100,000, and the mortality rate was 1.78/100,000 (24). In 2020, there were 2.58 million reported cases and 21,655 reported deaths from Class A and B infectious diseases nationwide in China. The top five reported diseases by incidence were viral hepatitis, pulmonary tuberculosis, syphilis, gonorrhea, and AIDS, accounting for 94.39% of the total reported cases of Class A and B infectious diseases. The top five reported diseases by mortality were AIDS, pulmonary tuberculosis, viral hepatitis, rabies, and syphilis, representing 99.5% of the total reported deaths from Class A and B infectious diseases. In 2020, the mainland population of China was 1,411.77 million (excluding Hong Kong, Macao, and Taiwan). Calculated per 100,000 people, the incidence rate of Class A and B infectious diseases nationwide was 183.19/100,000, and the mortality rate was 1.53/100,000 (25). In 2021, there were 2.712 million reported cases and 22,177 reported deaths from Class A and B infectious diseases nationwide in China. The top five reported diseases by incidence were viral hepatitis, pulmonary tuberculosis, syphilis, gonorrhea, and brucellosis, accounting for 93.3% of the total reported cases of Class A and B infectious diseases. The top five reported diseases by mortality were AIDS, pulmonary tuberculosis, viral hepatitis, rabies, and epidemic hemorrhagic fever, representing 99.7% of the total reported deaths from Class A and B infectious diseases. In 2021, the mainland population of China was 1,412.60 million (excluding Hong Kong, Macao, and Taiwan). Calculated per 100,000 people, the incidence rate of Class A and B infectious diseases nationwide was 191.98/100,000, and the mortality rate was 1.57/100,000 (26). In 2022, there were 2.431 million reported cases and 21,834 reported deaths from Class A and B infectious diseases nationwide in China (excluding novel coronavirus infections). The top five reported diseases by incidence were viral hepatitis, pulmonary tuberculosis, syphilis, gonorrhea, and brucellosis, accounting for 93.4% of the total reported cases of Class A and B infectious diseases. The top five reported diseases by mortality were AIDS, pulmonary tuberculosis, viral hepatitis, rabies, and epidemic hemorrhagic fever, representing 99.8% of the total reported deaths from Class A and B infectious diseases. In 2022, the mainland population of China was 1,411.75 million (excluding Hong Kong, Macao, and Taiwan). Calculated per 100,000 people, the incidence rate of Class A and B infectious diseases nationwide was 172.22/100,000, and the mortality rate was 1.55/100,000 (27). In 2023, there were 3.5078 million reported cases and 25,525 reported deaths from Class A and B infectious diseases nationwide in China (excluding novel coronavirus infections). The top five reported diseases by incidence were viral hepatitis, pulmonary tuberculosis, syphilis, gonorrhea, and brucellosis, accounting for 92.5% of the total reported cases of Class A and B infectious diseases. The top five reported diseases by mortality were AIDS, pulmonary tuberculosis, viral hepatitis, rabies, and syphilis, representing 99.8% of the total reported deaths from Class A and B infectious diseases. In 2023, the mainland population of China was 1,409.67 million (excluding Hong Kong, Macao, and Taiwan). Calculated per 100,000 people, the incidence rate of Class A and B infectious diseases nationwide was 248.83/100,000, and the mortality rate was 1.81/100,000 (28).

specific data can be found in Table 1.



TABLE 1 Statistics of the incidence and mortality of class A and B public infectious diseases in China from 2018 to 2023.
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Overall, from 2018 to 2023, the reported incidence and mortality of Class A and B infectious diseases nationwide showed a downward trend (Table 1). However, in 2023, due to the emergence of monkeypox as a Class B contagious disease, there was an upward trend in the reported incidence of Class B infectious diseases.

In 2018, there were a total of 4.708 million reported cases and 203 deaths from Class C infectious diseases nationwide in China. The top five reported diseases by incidence were hand, foot, and mouth disease; other infectious diarrheal diseases; influenza; epidemic parotitis; and acute hemorrhagic conjunctivitis, accounting for 99.8% of the total reported cases of Class C infectious diseases. The diseases with the highest number of reported deaths were influenza, hand, foot, and mouth disease, and other infectious diarrheal diseases, representing 100% of the total reported deaths from Class C infectious diseases. In 2018, the mainland population of China was 1,395.38 million (excluding Hong Kong, Macao, and Taiwan). Calculated per 100,000 people, the incidence rate of Class C infectious diseases nationwide was 337.38/100,000, and the mortality rate was 0.0146/100,000 (23). In 2019, there were a total of 7.172 million reported cases and 304 deaths from Class C infectious diseases nationwide in China. The top five reported diseases by incidence were influenza, hand, foot, and mouth disease; other infectious diarrheal diseases; epidemic parotitis; and acute hemorrhagic conjunctivitis, accounting for 99.5% of the total reported cases of Class C infectious diseases. The diseases with the highest number of reported deaths were influenza, hand, foot, and mouth disease, and other infectious diarrheal diseases, representing 99.3% of the total reported deaths from Class C infectious diseases. In 2019, the mainland population of China was 1,400.05 million (excluding Hong Kong, Macao, and Taiwan). Calculated per 100,000 people, the incidence rate of Class C infectious diseases nationwide was 512.28/100,000, and the mortality rate was 0.021/100,000 (24). In 2020, there were a total of 3.13 million reported cases and 85 deaths from Class C infectious diseases nationwide in China. The top five reported diseases by incidence were influenza; other infectious diarrheal diseases; hand, foot, and mouth disease; epidemic parotitis; and acute hemorrhagic conjunctivitis, accounting for 94.7% of the total reported cases of Class C infectious diseases. The diseases with the highest number of reported deaths were influenza, other infectious diarrheal diseases, and hand, foot, and mouth disease, representing 96.5% of the total reported deaths from Class C infectious diseases. In 2020, the mainland population of China was 1,411.77 million (excluding Hong Kong, Macao, and Taiwan). Calculated per 100,000 people, the incidence rate of Class C infectious diseases nationwide was 221.95/100,000, and the mortality rate was 0.0061/100,000 (25). In 2021, there were a total of 3.506 million reported cases and 19 deaths from Class C infectious diseases nationwide in China. The top five reported diseases by incidence were hand, foot, and mouth disease; other infectious diarrheal diseases; influenza; epidemic parotitis; and acute hemorrhagic conjunctivitis, accounting for 99.9% of the total reported cases of Class C infectious diseases. The diseases with the highest number of reported deaths were hand, foot, and mouth disease; other infectious diarrheal diseases; and influenza, representing 94.7% of the total reported deaths from Class C infectious diseases. In 2021, the mainland population of China was 1,412.60 million (excluding Hong Kong, Macao, and Taiwan). Calculated per 100,000 people, the incidence rate of Class C infectious diseases nationwide was 248.22/100,000, and the mortality rate was 0.0013/100,000 (26). In 2022, there were a total of 4.210 million reported cases and 27 deaths from Class C infectious diseases nationwide in China. The top five reported diseases by incidence were influenza; other infectious diarrheal diseases; hand, foot, and mouth disease; epidemic parotitis; and acute hemorrhagic conjunctivitis, accounting for 99.9% of the total reported cases of Class C infectious diseases. The diseases with the highest number of reported deaths were influenza, other infectious diarrheal diseases, and hand, foot, and mouth disease, representing 92.6% of the total reported deaths from Class C infectious diseases. In 2022, the mainland population of China was 1,411.75 million (excluding Hong Kong, Macao, and Taiwan). Calculated per 100,000 people, the incidence rate of Class C infectious diseases nationwide was 298.23/100,000, and the mortality rate was 0.0019/100,000 (27). In 2023, there were a total of 15.6618 million reported cases and 86 deaths from Class C infectious diseases nationwide in China. The top five reported diseases by incidence were influenza; other infectious diarrheal diseases; hand, foot, and mouth disease; epidemic parotitis; and acute hemorrhagic conjunctivitis, accounting for 96.6% of the total reported cases of Class C infectious diseases. The diseases with the highest number of reported deaths were influenza and dengue fever, representing 98.8% of the total reported deaths from Class C infectious diseases. In 2023, the mainland population of China was 1,409.67 million (excluding Hong Kong, Macao, and Taiwan). Calculated per 100,000 people, the incidence rate of Class C infectious diseases nationwide was 1,111.03/100,000, and the mortality rate was 0.006/100,000 (28). Overall, from 2019 to 2022, the reported incidence and mortality of Class C infectious diseases nationwide showed a downward trend. However, in 2023, due to mutations in the coronavirus and other factors such as climate, there was a significant increase in influenza (29).

Specific data can be found in Tables 2, 3.



TABLE 2 Statistics of the incidence and mortality of class C public infectious diseases in China from 2018 to 2023.
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TABLE 3 Number of reported incidences and deaths of class C infectious diseases nationwide from 2018 to 2023.
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Here’s the summary of the reported incidence and mortality rates of Class A, B, and C infectious diseases per 100,000 people: In 2018, the nationwide reported incidence rate of Class A, B, and C infectious diseases combined was 556.89/100,000, and the combined mortality rate was 1.67/100,000; In 2019, the nationwide reported incidence rate of Class A, B, and C infectious diseases combined was 731.72/100,000, and the combined mortality rate was 1.81/100,000; In 2020, the nationwide reported incidence rate of Class A, B, and C infectious diseases combined was 405.14/100,000, and the combined mortality rate was 1.54/100,000; in 2021, the nationwide reported incidence rate of Class A, B, and C infectious diseases combined was 440.2/100,000, and the combined mortality rate was 1.57/100,000; in 2022, the nationwide reported incidence rate of Class A, B, and C infectious diseases combined was 470.45/100,000, and the combined mortality rate was 1.55/100,000. In 2023, the nationwide reported incidence rate of Class A, B, and C infectious diseases combined was 1359.86/100,000, and the combined mortality rate was 1.82/100,000. Specific data can be found in Table 4.



TABLE 4 Statistics of total cases and deaths of class A, B and C public infectious diseases from 2018 to 2023.
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Public infectious disease prevention and control involves various measures to prevent the spread and outbreak of infectious diseases in populations, thereby reducing mortality rates and ensuring public health security. Common measures for public infectious disease prevention and control include government investment in prevention and control funding, monitoring and early warning by professional technical personnel, vaccination, health education and public awareness campaigns, medical interventions, and more. Although vaccines and vaccination are among the most cost-effective public health interventions (30). However, due to the variety of vaccine types and the multitude of vaccination providers, the total volume and coverage rate of vaccine administration for infectious diseases cannot be accurately measured. Promotion, public awareness, and medical interventions are subject to the scope and technical proficiency, making quantitative comparisons challenging. Government investment in prevention and control funding and the number of technical personnel in specialized infectious disease prevention and control institutions can be quantified. Therefore, this study selects government investment in prevention and control funding and the number of technical personnel in specialized prevention and control institutions as the analytical sample for infectious disease control measures. On the one hand, these two measures are directly related to the trends in infectious disease prevention and control. On the other hand, the data for these two measures can be analyzed quantitatively.

From 2018 to 2023, the Chinese government consistently provided special subsidies for major infectious disease prevention and control funding. The subsidy funds were mainly used for expanding efforts in the prevention and treatment of infectious diseases and other relevant major public health services, and were incorporated into the government’s annual budget expenditures. In 2018, the investment in prevention and control funding amounted to 16981.77 billion RMB, for every 100,000 people, the funding allocation is 1,217,000 RMB (31). In 2019, the investment in prevention and control funding reached 16525.61 billion RMB, for every 100,000 people, the funding allocation is 1,180,400 RMB (32). In 2020, the investment in prevention and control funding was 17525.61 billion RMB, for every 100,000 people, the funding allocation is 1,241,400 RMB (33). In 2021, the investment in prevention and control funding totaled 19212.08 billion RMB, for every 100,000 people, the funding allocation is 1,360,100 RMB (34). In 2022, the investment in prevention and control funding rose to 20379.58 billion RMB, for every 100,000 people, the funding allocation is 1,443,600 RMB (35). In 2023, the investment in prevention and control funding increased to 23820.01 billion RMB, for every 100,000 people, the funding allocation is 1,689,800 RMB (36). It can be observed that the amount and proportion of investment in prevention and control funding have shown an increasing trend annually from 2018 to 2023. Specific data can be found in Table 5.



TABLE 5 Investment of prevention and control funds from 2018 to 2023.
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The Chinese government has specifically established around 3,400 professional disease prevention and control centers nationwide, separate from hospitals. The mission of these centers is to create a healthy environment and safeguard public health through the prevention and control of infectious diseases and other illnesses. Their responsibilities include formulating regulations, policies, standards, and prevention and control plans related to infectious diseases and public health; developing national implementation plans for the prevention and control of major infectious diseases and other illnesses; monitoring the development and distribution patterns of infectious diseases and proposing prevention and control strategies; participating in and guiding local responses to major epidemics and public health emergencies; and establishing emergency response systems for major public health issues such as major infectious diseases and disaster prevention and disease control.

The number of professional technical personnel in disease prevention and control institutions is closely related to the prevention and control of infectious diseases. In 2018, there were 140,000 professional technical personnel, accounting for 10.03 per 100,000 people (23). In 2019, there were 140,000 professional technical personnel, accounting for 9.99 per 100,000 people (24). In 2020, there were 145,000 professional technical personnel, accounting for 10.27 per 100,000 people (25). In 2021, there were 158,000 professional technical personnel, accounting for 11.19 per 100,000 people (26). In 2022, there were 169,000 professional technical personnel, accounting for 11.97 per 100,000 people (27). In 2023, there were 166,000 professional technical personnel, accounting for 11.76 per 100,000 people (28). As disease prevention and control institutions are not treatment facilities but rather research and management entities, the number of professional technical personnel does not need to be particularly large. It can be observed that the total number and proportion of professional technical personnel have shown an increasing trend annually from 2018 to 2023. For specific data, please refer to Table 6.



TABLE 6 Statistics of public infectious disease prevention and control technicians from 2018 to 2023.
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3.2 Methodology

The content of this study focuses on the trend analysis of public infectious disease prevention and control. The research objective aims to control the spread and prevalence of infectious diseases within populations through relevant measures. There are two key indicators for infectious disease control: mortality rate control and incidence rate control (37). Among them, controlling the mortality rate of infectious disease infections is a crucial indicator.

Below, we employ multiple linear regression to analyze several factors related to infectious diseases: mortality rate, incidence rate, proportion of expenditure, and proportion of professional technical personnel. Specifically, we take the mortality rate of infectious diseases as the dependent variable (Y) and the incidence rate, proportion of expenditure, and proportion of professional technical personnel as independent variables (X) for multiple regression analysis. We select data from 2018 to 2023 for infectious disease mortality rate, incidence rate, proportion of expenditure, and proportion of professional technical personnel as the sample, with N = 6. All these samples are valid, with no invalid samples present. See Table 4 for specific data (see Table 7)



TABLE 7 Statistical table of the mortality rate, incidence rate, funding investment ratio, and professional and technical personnel ratio of infectious diseases per 100,000 people from 2019 to 2023.
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This study conducts computations and analyses using SPSS (Statistical Package for the Social Sciences) software. The data from 2018 to 2023 for infectious disease mortality rate, incidence rate, proportion of expenditure, and proportion of professional technical personnel, as presented in the tables above, are analyzed using SPSS. Regression analysis begins with assessing the model fit, primarily through analyzing the R-square value to evaluate how well the model fits the data. Additionally, analysis of the Variance Inflation Factor (VIF) is conducted to determine if there are multicollinearity issues in the model. Subsequently, the regression model equation is derived. Next, the significance of the independent variables (X) is analyzed. If they exhibit significance (p-value less than 0.05 or 0.01), it indicates an influential relationship between X and the dependent variable (Y). The direction of this influence is also analyzed. Finally, a summary of the analysis is provided. The results of the regression analysis conducted through the SPSS system are presented in Table 8.



TABLE 8 Linear regression analysis results (N = 6).
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After analysis, it is evident from the table that conducting a linear regression analysis with the incidence rate, proportion of expenditure, and proportion of professional technical personnel as independent variables (X), and mortality rate as the dependent variable (Y), yields the following model equation: Mortality Rate = 1.576 (constant) + 0.001 (regression coefficient B) * Incidence Rate (X1)–0.012 (regression coefficient B) * Proportion of Expenditure (X2) + 0.117 (regression coefficient B) * Proportion of Professional Technical Personnel (X3). The R-square value of the model is 0.987, indicating that 98.7% of the variance in mortality rate can be explained by the incidence rate, proportion of expenditure, and proportion of professional technical personnel. The model passed the F-test (F = 51.363, p = 0.019 < 0.05), indicating that at least one of the variables (incidence rate, proportion of expenditure, and proportion of professional technical personnel) has a significant impact on mortality rate. Additionally, multicollinearity was detected, as indicated by VIF values exceeding 10. Further analysis of the specific data reveals that the regression coefficient for the incidence rate is 0.001 (T = 8.533, p = 0.013 < 0.05), indicating a significant positive relationship between the incidence rate and mortality rate. The regression coefficient for the proportion of expenditure is −0.012 (T = −4.347, p = 0.049 < 0.05), indicating a significant negative relationship between the proportion of expenditure and mortality rate. However, the regression coefficient for the proportion of professional technical personnel is 0.117 (T = 2.680, p = 0.116 > 0.05), indicating that it does not significantly affect mortality rate. In summary, the analysis indicates that the incidence rate has a significant positive effect on mortality rate, while the proportion of expenditure has a significant negative effect on mortality rate. However, the proportion of professional technical personnel does not affect mortality rate.

Regarding the issue of using the F-test to determine the significance of a regression model, if the model passes the F-test (p < 0.05), it indicates that the model is meaningful, and at least one X variable influences Y. If the model fails the F-test (p > 0.05), it suggests that the model construction is not meaningful, and none of the X variables affect Y. According to the SPSS analysis results, specific data are shown in Table 9.



TABLE 9 ANOVA table (intermediate process).
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4 Results

With the continuous improvement of China’s healthcare system and the strengthening of public health measures, the incidence rates of many infectious diseases have shown a declining trend. For example, the incidence rates of infectious hepatitis, tuberculosis, and AIDS have all decreased in recent years (38). However, overall, due to the impact of diseases such as seasonal flu, the mortality and incidence rates of infectious diseases have shown a fluctuating trend, with an increase in mortality rates and a significant increase in incidence rates in 2023.

To study the trends in public infectious disease prevention and control, this study selected several parameters including the mortality rate, incidence rate, proportion of expenditure, and proportion of professional technical personnel, analyzing methods to control the spread of infectious diseases. Through multiple regression analysis, the regression coefficient value of the incidence rate is 0.001 (T = 8.533, p = 0.013 < 0.05), indicating a significant positive impact of the incidence rate on the mortality rate. This suggests that an increase in the incidence rate of infectious diseases corresponds to an upward trend in mortality rates. The regression coefficient value of the expenditure ratio is −0.012 (T = −4.347, p = 0.049 < 0.05), meaning that the expenditure ratio has a significant negative impact on the mortality rate. An increase in expenditure on prevention and control leads to a decrease in the mortality rate of infectious diseases. The regression coefficient value of the proportion of professional technical personnel is 0.117 (T = 2.680, p = 0.116 > 0.05), indicating that the proportion of professional technical personnel does not have a significant impact on the mortality rate. This means that an increase in the number of professional technical personnel in infectious disease prevention and control institutions does not significantly control the decline in mortality rates, requiring the comprehensive use of other prevention and control measures. This study demonstrates that although there are many measures for infectious disease prevention and control, whether they can directly control the mortality rate of infectious diseases requires detailed analysis. Infectious disease prevention and control is the result of the application of comprehensive measures. The analysis of the model’s R-squared value of 0.987 indicates that the incidence rate, expenditure ratio, and proportion of professional technical personnel can explain 98.7% of the trend changes in mortality rates.



5 Discussion

In the 1950s, China had high incidence, prevalence, and mortality rates for infectious diseases. Severe infectious diseases such as plague, cholera, and smallpox frequently broke out. In some years, there were as many as 40,000 cases of smallpox, 9.5 million cases of measles, and a total of 12 million cases of schistosomiasis. Infectious diseases ranked first among all causes of death. In the early 1990s, cholera had serious outbreaks in some local areas. During the 1980s and early 1990s, epidemic hemorrhagic fever and rabies were rampant, and reported cases of hepatitis B continued to rise. From the end of 1988 to the beginning of 1989, a large-scale hepatitis A outbreak occurred in the Shanghai area, infecting over 300,000 people in just over a month (18). From 2018 to 2023, the Chinese government provided special subsidies for the prevention and control of major infectious diseases, incorporating this into the government’s annual budget expenditure projects. In 2018, the investment in infectious disease prevention and control reached 16,981.77 billion RMB, and by 2023, it had increased to 23,820.01 billion RMB, showing a trend of annual growth in the investment amount. Meanwhile, the government has strengthened the monitoring and early warning systems for public infectious diseases and implemented various measures such as vaccination, health education, public awareness campaigns, and medical interventions to control the spread of public infectious diseases. In recent years, the incidence of Class A, B, and C infectious diseases has been controlled at an average of 400–500 cases per 100,000 people, and the mortality rate has been greatly reduced.

China’s control of the incidence of public infectious diseases is similar to that of other developing countries. In some developing countries, the lack of medical resources and inadequate public health systems means that infectious disease outbreaks often lead to the overloading of healthcare systems, resulting in high mortality rates. For example, in Sub-Saharan African countries, the rise in the incidence of infectious diseases like AIDS and tuberculosis has led to a significant increase in mortality. Although China’s medical conditions have improved, rising incidence rates still have a major impact on mortality rates. In contrast, developed countries demonstrate stronger control over infectious diseases. Europe and North America, through comprehensive vaccination programs, disease monitoring, and early intervention mechanisms, are able to prevent increases in incidence from translating into high mortality rates. The proportion of funding investment has a significant negative impact on mortality, indicating that increased funding helps reduce mortality rates, a pattern observed globally. Developed countries have higher public health prevention expenditure ratios, such as the United States and Germany, where the proportion of public health prevention funding is relatively high, effectively controlling mortality from infectious diseases. The U.S. Centers for Disease Control and Prevention (CDC) invests substantial funds annually in the prevention and control of infectious diseases to ensure a rapid response to outbreaks. The U.S. per capita public health expenditure on preventive care varies from year to year, but estimates show that around $250 to $350 per person is spent annually on preventive healthcare services, including funding for vaccination, health checkups, and health education programs. This amount is significantly higher than in many developing countries (39).

China is a populous country, and population density is particularly high in the central and eastern regions, making the control of infectious disease outbreaks and transmission critically important. Although health and epidemic prevention departments at all levels in China have made significant efforts, controlling the incidence and mortality rates of public infectious diseases still faces many challenges. From 2018 to 2023, the mortality rates per 100,000 population for Class A, B, and C infectious diseases were 1.67, 1.81, 1.54, 1.57, 1.55, and 1.82, respectively, while the incidence rates per 100,000 population were 556.89, 731.72, 405.14, 440.2, 470.9, and 1359.86, respectively. Looking at the data, the mortality rate increased from 1.67 in 2018 to 1.81 in 2019, then decreased to around 1.5 from 2020 to 2023, before rising again to 1.82 in 2023. Similarly, the trend of incidence and mortality rates is similar, with the incidence rate increasing to 1359.86 in 2023. The increase in mortality and incidence rates in 2023 was primarily due to the widespread outbreak of influenza, mainly attributed to the mutation of the coronavirus and severe winter weather conditions (29). From this trend, it is evident that the control of infectious diseases is complex, with fluctuations occurring between different years. The fluctuation in infectious disease trends does not follow a single directional trend, indicating that the difficulty of infectious disease prevention and control is significant, and cannot be achieved by a single control measure alone.

This study selected several parameters, including the mortality rate, incidence rate, proportion of funding allocation, and proportion of professional technical personnel, for regression analysis. Although the incidence rate and mortality rate of infectious diseases are directly related, the mortality rate is also influenced by the medical institution’s treatment capacity. The regression coefficient of the incidence rate is 0.001, indicating a direct positive relationship with the mortality rate. However, the level of mortality rate is also affected by the capacity of medical institutions to provide treatment. The selection of the proportion of funding allocation and the proportion of professional technical personnel for analysis does not imply that only these two factors can control the fluctuation of infectious disease mortality and incidence. In reality, there are many factors involved in infectious disease control, including investment in prevention and control, increasing and involving professional technical personnel, establishing sound monitoring and warning systems, vaccination, personal protective measures, medical and health measures, health education and public awareness, international cooperation and information sharing, emergency plans, and crisis management measures, among others. Many of these measures cannot be quantified, and some lack available data indicators. Therefore, the study chose parameters such as the incidence rate, proportion of funding allocation, and proportion of professional technical personnel to participate in the analysis. The aim was to provide an analytical method and model for understanding the relationship between the development trend of public infectious diseases and control measures. It is hoped that such methods and models can be used to analyze the effectiveness of infectious disease control measures and further provide relevant measures to control the spread of infectious diseases.



6 Conclusion

Through the data analysis conducted above, it is evident that the incidence rate and mortality rate of public infectious diseases fluctuate between different years, indicating that the trend of public infectious diseases is not consistently decreasing or increasing in the same direction. This fluctuation is attributed to various factors causing the onset of public infectious diseases, including social and natural environments, pathogen infections, and individual poor hygiene habits and lifestyles, among others. Many of these disease-causing factors are not easily controllable. Although substantial preventive and control measures have been implemented by society and government agencies, the prevention and control of public infectious diseases constitute a long-term and continuous process. On the other hand, there are numerous prevention and control measures for public infectious diseases. However, factors such as the number of professional technical personnel may not significantly contribute to controlling the spread of infectious diseases. Therefore, controlling the transmission trend of public infectious diseases requires the comprehensive utilization of various prevention and control measures to achieve effective prevention and control.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

ZZ: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Validation, Visualization, Writing – original draft, Writing – review & editing, Project administration, Software, Supervision.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1423191/full#supplementary-material



References

 1. Hein, W. Control of communicable diseases as a global public good. Med One. (2020) 5:e200002. doi: 10.20900/mo20200002

 2. Bloom, DE, and Cadarette, D. Infectious disease threats in the twenty-first century: strengthening the global response. Front Immunol. (2019) 10:3–12. doi: 10.3389/fimmu.2019.00549 

 3. Yan, JJ. Coordination and modularization: the experience of the joint prevention and control mechanism to COVID emergencies in China. Front Public Health. (2024) 12:4–13. doi: 10.3389/fpubh.2024.1244769 

 4. Stolfi, P, Vergni, D, and Castiglione, F. An agent-based multi-level model to study the spread of gonorrhea in different and interacting risk groups. Front Appl Math Stat. (2023) 9:2–6. doi: 10.3389/fams.2023.1241538 

 5. Salam, MA, Al-Amin, MY, Salam, MT, Pawar, JS, Akhter, N, Rabaan, AA , et al. Antimicrobial resistance: a growing serious threat for global public health. Healthcare. (2023) 11:1946. doi: 10.3390/healthcare11131946 

 6. Shausan, A, Nazarathy, Y, and Dyda, A. Emerging data inputs for infectious diseases surveillance and decision making. Front Digit Health. (2023) 5:2–5. doi: 10.3389/fdgth.2023.1131731 

 7. Chen, JM, Ji, YF, Duan, ZJ, and Wei, B. Editorial: zoonotic emerging viral infectious diseases. Front Vet Sci. (2023) 10:1–3. doi: 10.3389/fvets.2023.1194324 

 8. Ministry of Ecology and Environment of China. Law of the People's Republic of China on the prevention and control of infectious diseases. (2005). Available at: https://www.mee.gov.cn/ywgz/gtfwyhxpgl/wxfw/200504/t20050418_65993.shtml (Accessed April 12, 2024).

 9. Manaf, NH, Cheah, YK, and Yunus, NM. Editorial: public health matters: pandemic, policies, Processes. Front Public Health. (2022) 10:1–2. doi: 10.3389/fpubh.2022.922652 

 10. Green, LW, Ottoson, JM, Garcia, C, and Hiatt, RA. Diffusion theory and knowledge dissemination, utilization, and integration in public health. Annu Rev Public Health. (2009) 30:151–74. doi: 10.1146/annurev.publhealth.031308.100049 

 11. Pearce, N, and Merletti, F. Complexity, simplicity, and epidemiology. Int J Epidemiol. (2006) 35:515–9. doi: 10.1093/ije/dyi322 

 12. Glanz, K, and Bishop, DB. The role of behavioral science theory in development and implementation of public health interventions. Annu Rev Public Health. (2010) 31:399–418. doi: 10.1146/annurev.publhealth.012809.103604

 13. Liang, ZM, Howard, SL, Leggat, S, and Bartram, T. Development and validation of health service management competencies. J Health Organ Manag. (2018) 32:157–75. doi: 10.1108/JHOM-06-2017-0120 

 14. Baker, RE, Mahmud, AS, Miller, IF, Rajeev, M, Basambainarivo, F, Rice, BL , et al. Infectious disease in an era of global change. Nat Rev Microbiol. (2022) 20:193–205. doi: 10.1038/s41579-021-00639-z 

 15. Siettos, CI, and Russo, L. Mathematical modeling of infectious disease. Dynamics. (2013) 4:295–306. doi: 10.4161/viru.24041 

 16. Jones, K, Patel, N, Levy, M, Gard, AS, Balk, D, Gittleman, JL , et al. Global trends in emerging infectious diseases. Nature. (2008) 451:990–3. doi: 10.1038/nature06536 

 17. Thakur, H, and Rao, R. Emphasis on infection prevention and control: a review. J Popul Ther Clin Pharmacol. (2024) 31:2238–49. doi: 10.53555/jptcp.v31i2.4604

 18. Yang, WZ. The prevention and control of infectious diseases in China has achieved results over the past 70 years. Chin J Epidemiol. (2019) 40:1493–8. doi: 10.3760/cma.j.issn.0254-6450.2019.12.001 

 19. Zhou, YH. A study on the epidemic status and prevention and control system of infectious diseases in China. Chin J Health Policy. (2023) 16:74–8. doi: 10.3969/j.issn.1674-2982.2023.04.011

 20. Yu, DZ. Current status and development of plague surveillance in China. Dis Surveill. (2007) 7:433–5. Available at: https://www.cqvip.com/qk/98376a/200707/25119334.html

 21. Wang, K, Mao, AY, Meng, YL, Yang, YJ, Dong, P, and Qiu, WQ. Development history, current situation, problems and strategies of public health system construction in China. Chin J Public Health. (2019) 35:801–5. Available at: http://html.rhhz.net/ZGGGWS/html/20190703.htm

 22. Li, C, Ren, RQ, and Zhou, L. A review on the preparedness plans on influenza pandemics, by WHO and China: the current status and development. Chin J Epidemiol. (2018) 39:1032–5. Available at: http://html.rhhz.net/ZGGGWS/html/20190703.htm

 23. Department of Planning, development and Informatization, China National Health Commission. Statistical bulletin on the development of my country’s health careers in 2018. (2019). Available at: http://www.nhc.gov.cn/guihuaxxs/s10748/201905/9b8d52727cf346049de8acce25ffcbd0.shtml (Accessed April 16, 2024).

 24. Department of Planning, development and Informatization, China National Health Commission. Statistical bulletin on the development of my country’s health careers in 2019. (2020). Available at: http://www.nhc.gov.cn/guihuaxxs/s10748/202006/ebfe31f24cc145b198dd730603ec4442.shtml (Accessed April 16, 2024).

 25. Department of Planning, Development and Informatization, China National Health Commission. Statistical bulletin on the development of my country’s health careers in 2020. (2021). Available at: http://www.nhc.gov.cn/guihuaxxs/s10743/202107/af8a9c98453c4d9593e07895ae0493c8.shtml (Accessed April 16, 2024).

 26. Department of Planning, Development and Informatization, China National Health Commission. Statistical bulletin on the development of my country’s health careers in 2021. (2022). Available at: http://www.nhc.gov.cn/cmssearch/xxgk/getManuscriptXxgk.htm?id=51b55216c2154332a660157abf28b09d (Accessed April 16, 2024).

 27. Department of Planning, development and Informatization, China National Health Commission. Statistical bulletin on the development of my country’s health careers in 2022. (2023).Available at: http://www.nhc.gov.cn/guihuaxxs/s3585u/202309/6707c48f2a2b420fbfb739c393fcca92.shtml (Accessed April 16, 2024).

 28. National Administration of Disease Control and Prevention of China. Overview of the national epidemic situation of notifiable infectious diseases in December 2023. (2024) Available at: https://www.ndcpa.gov.cn/jbkzzx/c100016/common/content/content_1746766719346462720.html (Accessed April 16, 2024).

 29. Pan, QC, Tang, ZH, Yu, YS, Zang, GQ, and Chen, XH. Co-circulation and co-infection of COVID-19 and influenza in China: challenges and implications. Front Public Health. (2023) 11:2–5. doi: 10.3389/fpubh.2023.1295877 

 30. Kim, CL, Agampodi, S, Marks, F, Kim, JH, and Excler, JL. Mitigating the effects of climate change on human health with vaccines and vaccinations. Front Public Health. (2023) 11:2–10. doi: 10.3389/fpubh.2023.1252910 

 31. Ministry of Finance of China. Notice of the Ministry of Finance and the health commission on issuing the budget for public health service subsidy funds (major public health services) in 2018. (2018). Available at: http://sbs.mof.gov.cn/zxzyzf/ggwsfwbzzj/201811/t20181123_3074724.htm (Accessed April 16, 2024).

 32. Ministry of Finance of China. Notice from the Ministry of Finance and the National Health Commission on the release of the budget for the prevention and control of major infectious diseases in 2019. (2019). Available at: http://sbs.mof.gov.cn/zxzyzf/ggwsfwbzzj/201907/t20190705_3292352.htm (Accessed April 16, 2024).

 33. Ministry of Finance of China. Notice from the Ministry of Finance and the National Health Commission on the release of the budget for the prevention and control of major infectious diseases in 2020. (2020). Available at: http://sbs.mof.gov.cn/zxzyzf/ggwsfwbzzj/202007/t20200721_3554001.htm (Accessed April 16, 2024).

 34. Ministry of Finance of China. Notice from the Ministry of Finance and the National Health Commission on the release of the budget for the prevention and control of major infectious diseases in 2021. (2021). Available at: http://sbs.mof.gov.cn/zxzyzf/ggwsfwbzzj/202108/t20210816_3745364.htm (Accessed April 16, 2024).

 35. Ministry of Finance of China. The Ministry of Finance, the National Health Commission, and the National Administration of disease control and prevention issued a notice on the budget for the prevention and control of major infectious diseases in 2022. (2022). Available at: http://sbs.mof.gov.cn/zxzyzf/ggwsfwbzzj/202301/t20230119_3863750.htm (Accessed April 16, 2024).

 36. Ministry of Finance of China. The Ministry of Finance, the National Health Commission, and the National Administration of disease control and prevention issued a notice on the budget for the prevention and control of major infectious diseases in 2023. (2023). Available at: http://sbs.mof.gov.cn/zxzyzf/ggwsfwbzzj/202307/t20230721_3897809.htm (Accessed April 16, 2024).

 37. Fu, MH, Tao, FF, and Chen, J. Research progress on early warning indicators of infectious diseases. Shanghai Prev Med. (2024) 36:90–7. doi: 10.19428/j.cnki.sjpm.2024.23226

 38. Xu, XF. Prevention and control of chronic viral hepatitis B and related diseases. The world's latest medical information abstract (electronic version) (2015)75: 181–182. Available at: https://scholar.google.com.hk/scholar?cluster=943402547447911396&hl=zh-CN&as_sdt=2005&sciodt=0,5

 39. Sandhu, S, Sharma, A, Cholera, R, and Bettger, JP. Integrated health and social Care in the United States: a decade of policy Progress. Int J Integr Care. (2021) 21:9–15. doi: 10.5334/ijic.5687 


Copyright
 © 2025 Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.







 


	
	
ORIGINAL RESEARCH
published: 07 January 2025
doi: 10.3389/fpubh.2024.1359902








[image: image2]

Regional disparities and dynamic evolution of suicide prevention and intervention efficiency in Japan

Yin Tang*


Graduate School of Economics, Keio University, Tokyo, Japan

Edited by
 Hai Fang, Peking University, China

Reviewed by
 Eduardo Jose Fernandez-Rodriguez, University of Salamanca, Spain
 Saurabh Raj, Babasaheb Bhimrao Ambedkar Bihar University, India

*Correspondence
 Yin Tang, tykaratora@gs.econ.keio.ac.jp 

Received 22 December 2023
 Accepted 17 December 2024
 Published 07 January 2025

Citation
 Tang Y (2025) Regional disparities and dynamic evolution of suicide prevention and intervention efficiency in Japan. Front. Public Health 12:1359902. doi: 10.3389/fpubh.2024.1359902
 

Introduction: This study investigates the cost-effectiveness of suicide prevention and intervention (SPI) efforts by prefectural governments in Japan. It represents the first application of a public sector efficiency evaluation model to assess government SPI initiatives. The research aims to identify spatial disparities and dynamic evaluation in SPI efficiency, providing actionable insights for policymakers.

Methods: We employed a three-stage Modified Slacks-Based Measure of Super Efficiency to evaluate the SPI implementation efficiency of prefectural governments. This approach accounted for exogenous environmental and stochastic factors to isolate actual managerial efficiency. Additionally, the Luenberger productivity index was utilized to analyze the changes in SPI efficiency over time, focusing on the contributions of technological advancements and efficiency improvements.

Results: The analysis revealed significant spatial disparities in SPI efficiency across prefectural governments. However, a substantial portion of these differences was attributable to exogenous environmental and stochastic factors, indicating relatively limited variations in actual managerial efficiency. The Luenberger productivity index indicated an overall upward trend in SPI productivity, driven primarily by technical change. Conversely, the analysis highlighted a decline in efficiency changes, predominantly due to reduced scale efficiency.

Discussion: The findings underscore the importance of considering external environmental and stochastic factors when evaluating SPI efficiency. While technical advancements have positively influenced SPI productivity, policymakers should address the deteriorating trend in scale efficiency changes to ensure sustainable improvements in efficiency. Strategies that balance technical change and efficiency enhancements are essential for optimizing local SPI efforts.

Keywords
 suicide prevention; suicide intervention; Efficiency; three-stage data envelopment analysis; Luenberger productivity index


1 Introduction

Although suicide prevention is a complex challenge, it is preventable through the formulation of effective public policies and the implementation of targeted interventions (1). In 2019, the Seventy-second World Health Assembly passed the World Health Organization’s (WHO) first Mental Health Action Plan. Suicide prevention is a critical component of this plan, with the goal of reducing suicide rates by one-third by 2030 (2). The plan’s development was inspired, in part, by Japan’s success in suicide prevention efforts. Since the early 1990s, Japan’s suicide rate has increased, reaching its peak in 1998, and has since remained around 30,000 individuals annually (3). To alleviate the ongoing rise in the suicide rate, the Japanese government has implemented a series of suicide prevention and intervention (SPI) measures, including encouraging local governments and municipalities to play an active role in SPI while providing financial support for related activities.

Many scholars attribute the sustained decrease in suicide rates, particularly among males, after 2009 to the allocation of funds from the Regional Comprehensive Suicide Prevention Emergency Strengthening Fund, or Regional Fund (RF) (4–6). Between 2009 and 2014, local prefectural governments received 18.35 billion Japanese yen from the RF to support SPI activities among local public organizations1 (7). This allocation effectively granted prefectural governments discretion in fund utilization. Specifically, based on SPI implementation plans and declared amounts submitted by municipal governments under their jurisdiction, prefectural governments formulated SPI implementation plans and applied for funds from the RF. As per the RF management guidelines, prefectural governments were responsible for fund allocation and oversight of fund utilization by subordinate public entities (8).

However, the severe financial burden and imperfect policy effectiveness have raised doubts regarding the cost-effectiveness of RF. They advocate for government efforts to improve regional SPI plans for greater cost-effectiveness (9) and propose the need for more detailed observations to establish an evidence-based and cost-effective fiscal budget structure for SPI (6). Therefore, assessing the policy effectiveness and cost-effectiveness of local governments in SPI would aid Japan’s central government in overseeing local government policy execution efficiency and providing references for future policy formulation.

As such, this study aims to analyze the cost-effectiveness of RF in local Japanese governments to understand the dynamic evolution of local SPI efficiency. The primary contributions are as follows: Firstly, surpassing existing research that overly emphasizes government outcomes in SPI while overlooking cost-effectiveness, this study utilizes input–output efficiency measurement models to assess the efficiency of SPI by local governments. It takes into account environmental and luck factors’ influence on the efficiency of local government policy implementation, filtering out relatively objective SPI efficiency using the three-stage Super Efficiency (SE) and Modified Slacks-Based Measure (MSBM) model framework (In the following text, it is abbreviated as SE-MSBM). The analysis demonstrates significant differences in SPI efficiency among local governments, where these disparities are partially attributed to environmental and luck factors, and the efficiency differences resulting from differences in local government management are exaggerated. Secondly, this paper dynamically decomposes the factors contributing to the evolution of SPI efficiency from the perspectives of productivity changes, which can be decomposed into efficiency changes and technological changes. Over time, the study confirms an overall improvement in SPI productivity, but with a declining marginal improvement, resulting from joint progress in efficiency and technological changes. Moreover, there is a tendency for productivity improvement to excessively rely on technological progress while relatively neglecting efficiency improvement, particularly in pure efficiency. As a policy recommendation, based on the research findings, we advocate for recognizing the positive role of external environmental improvements in the cost-effectiveness of SPI. Furthermore, local governments should reduce reliance on technological progress and strive to promote SPI productivity through efficiency improvement, especially in pure efficiency.

The rest of this paper is structured as follows: Section two reviews the literature related to SPI and the efficiency measurement of public sector. Section three outlines the model-building process. Section four introduces the data sources and the analytical results of the model. Section five discusses the model analysis results from section four and provides relevant policy recommendations. The final section draws conclusions based on the entire discourse presented in the paper.



2 Literature review

The decline in Japan’s suicide rates post-2009 owes significantly to proactive interventions at national, local government, and community levels. At the national level, policies such as the 2006 Basic Act for Suicide Prevention, the 2007 General Principles of Suicide Prevention Policy, and a series of fiscal support policies (including RF) have been proven effective in some studies (4, 5, 10). However, some studies suggest its actual policy impact has been notably limited (11). Regarding central fiscal support and SPI, research falls into two categories. One focuses on government investment in public health and welfare, along with redistribution policies and their correlation with suicide behavior (12, 13). For instance, Shiroyama, Fukuyama (13) demonstrated a correlation between reduced suicide death rates and expenditure in “public health,” “police,” “ambulance/firefighting,” “welfare,” and “education” sectors in Japan from 2009 to 2018. The second category emphasizes the significance of central fiscal support for local SPI efforts (5, 6, 10, 14). Nakanishi, Yamauchi (10) highlighted that national fund facilitated the establishment of community SPI systems, streamlining the implementation of local SPI projects.

The WHO noted that besides evidence on the effect or impact of suicide prevention strategies, health planners and policymakers also need to understand the expected costs and cost-effectiveness to ensure that these strategies are economically viable. However, there is still a global shortage of robust economic research on the cost-effectiveness of suicide prevention (1). In the case of Japan, the focus on the cost-effectiveness of local government suicide intervention policies (SPI) stems partly from strained fiscal conditions (5, 6) and partly from the unstable and variable effectiveness of SPI measures. Yonemoto, Kawashima (14) found that although almost all local governments offered gatekeeper training programs, there was a lack of assessment of policy outcomes. Kato and Okada (5), analyzing prefectural data, noted variations in the policy impact of RF on male and female suicide rates. Yet, scarce objective studies have quantitatively evaluated the cost-effectiveness of national or local government executions of SPI policies in Japan.

The WHO categorizes the risk factors influencing suicide rates into several levels: health system, society, community, relationships, and individual, and provides corresponding intervention measures (although these are not exhaustive) (1). Similarly, Stack (15) categorizes influences on suicide into political, social, cultural, and economic dimensions. From a political perspective, increased social welfare and public assistance often correlate with reduced suicide rates (15, 16). Socially, marital and parental social institutions remain protective factors against suicide, albeit with gender disparities in their protective effects (17, 18). Additionally, most articles support the view that social isolation causally relates to suicide, while social support serves a protective function against suicide (19). Some studies indicate a correlation between alcohol consumption issues and suicide rates (15, 20, 21). Culturally, religious beliefs often negatively correlate with suicide rates, but mediating factors require further exploration (15). Moreover, Japan’s traditional notion of honorable suicide and modern conservative attitudes toward suicide are considered reasons for high suicide rates (22). Lastly, economically, a sluggish economic environment correlates with high suicide rates. Specifically, high unemployment rates and low job availability elevate suicide rates, especially among middle-aged men (22, 23). However, some research contests the direct causality between unemployment rates and suicide rates, at least concerning Japan (24). Additionally, macroeconomic indicators like regional GDP and CPI are believed to influence suicide rates (25, 26). Therefore, to derive relatively objective management efficiency in evaluating local government efficiency, environmental factors influencing the implementation of local government policies need consideration.

Assessing public sector policy efficiency has been a widely debated topic in academia. However, scarcely any studies have delved into efficiency assessments of SPI policies. With respect to the possible reasons, on one hand, efficiency analyses in healthcare sectors primarily focus on healthcare facility (hospitals, primary healthcare facilities) efficiency, with few studies exploring system-level (national or sub-national) efficiency (27). On the other hand, some studies suggest inconsistencies in the effectiveness of SPI policies across countries, with limited evidence supporting their impact on reducing suicide rates (11, 28, 29). Nevertheless, in Japan, there’s a prevalent belief in academia that the implementation of RF is causally linked to the decline in suicide rates, particularly among males (5, 6, 10).



3 Materials and methods

This study can be divided into two parts. The first part involves estimating the SPI efficiency of each prefecture using a three-stage SE-MSBM model. The second part calculates the Luenberger total factor productivity (LTFP) index based on the estimated SPI efficiency to reflect the dynamic evolution of this efficiency.


3.1 Three-stage SE-MSBM model

The Slacks-Based Measure is a type of Data Envelopment Analysis (DEA), which is a is a non-parametric method used to evaluate the efficiency of decision-making units (DMUs) by constructing a piecewise linear frontier against which all observations are compared. It uses slack variables to evaluate the efficiency of DMUs. This method was proposed by Tone (30), who also introduced a way to assess the SE of these units. However, traditional Slacks-Based Measure struggles with translation invariance. This can cause distortions when assessing DMUs with negative inputs or outputs. To resolve this, Sharp, Meng (31) developed the MSBM. This method is tailored for systems that naturally include negative values.

The three-stage SE-MSBM model builds on the existing three-stage DEA framework. It replaces the traditional DEA model with the SE-MSBM. This model, proposed by Fried and Lovell, improves on earlier DEA versions. The three-stage DEA method proposed by Fried and Lovell (32). It overcomes the limitations of the one-stage DEA method, which cannot measure factors affecting efficiency, and the two-stage DEA method, which assumes a given form of influencing factor functions and cannot eliminate environmental impact factors. The main goal of this model is to filter out environmental effects and statistical noise from managerial inefficiency. This makes the efficiency assessments of DMUs more precise. For a detailed methodological explanation, refer to Figure 1. It provides a comprehensive framework for the three-stage SE-MSBM model.

[image: Figure 1]

FIGURE 1
 Methodological framework of the three-stage SE-MSBM model.



3.1.1 Stage 1: initial MSBM evaluation of DMUs performance

The standard form of efficiency score evaluated by MSBM is given as follows:

[image: image]

Here,

• [image: image]indicates the [image: image] DMU in n DMUs.

• [image: image]and[image: image] represent the [image: image] input variable in m input variables and the [image: image] output variable in q variables, respectively.

• [image: image] and [image: image] represent the range of possible improvement for the corresponding inputs and outputs. [image: image] denotes the weight vector. Additionally, if [image: image], the respective [image: image] term is removed from the objective function, and if [image: image], the corresponding [image: image] term is removed from the objective function.

For the [image: image] that is efficient under the SBM, we define its super-efficiency as the optimal objective function value [image: image] given by:
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In this stage, we conducted a simple SE-MSBM under the assumption of variable returns to scale (VRS) and obtained the efficiency values of each DMU without excluding environmental factors and the slack variables of each input variable. The former will be used for subsequent comparative analysis, while the latter will be included as dependent variables in the second stage.



3.1.2 Stage 2: filtering out the influence of environmental effects

Based on the MSBM model from the first stage and input–output variable data, we can determine the slack values of each input and output, which represent the difference between the actual values and the optimal values. The slack value is influenced by environmental effects, statistical noise, and managerial inefficiency (32).

What we aim to do in the stage 2 is filter out the environmental effects and statistical noise, which are unrelated to managerial efficiency, from slacks. Subsequently, based on this, we adjust the original input and output indicators so that all DMUs face the same external environment and luck factors. According to Fried, Lovell (32), it is acceptable to adjust either inputs or outputs, or to simultaneously adjust both inputs and outputs. In this study, we follow the approach adopted by most scholars, adjusting only the input indicators (33–35).

To do this, we construct a Stochastic Frontier Analysis (SFA) model, as presented in Equation 3:

[image: image]

where:

• [image: image] is the slack value of the [image: image]input of the[image: image] DMU at time t.

• [image: image] represents the set of environmental variables.

• [image: image] denotes the coefficients of environmental variables to be estimated in the secondary regression equation.

• [image: image] are deterministic feasible slack frontiers, which capture the impact of the environmental variables on the input slack value [image: image].

• [image: image] represents the error structure, where [image: image] denotes random disturbances and [image: image]. It is assumed that the managerial inefficiency term [image: image] follows a half-normal distribution [image: image].

Before estimation, we need to specify the form of the error structure. According to Fried, Lovell (32), if the LR test of the one-sided error results fail to reject the hypothesis [image: image], it indicates that the managerial inefficiency in that input does not affect the variation in the deterministic feasible slack frontiers, and the error term comprises only random disturbances. In such a scenario, this study will utilize Ordinary Least Squares (OLS) to estimate the influence of environmental factors and use their estimated coefficients to adjust the input indicators.

Moreover, assuming a parameter [image: image], which indicates the contribution of the managerial inefficiency in the variation of error. Additionally, considering whether the unit possesses time variability determines the use of either a time-invariant model or a time-varying decay model. In the time-invariant model, the [image: image] and [image: image] are independent of each other. The time-varying decay model features [image: image], where [image: image] is the last period for input [image: image]and[image: image] is the decay coefficient. Utilizing panel SFA estimation involves initially employing the time-varying decay model to estimate the equation and then conducting a test on the estimated decay parameter [image: image]. If rejecting the null hypothesis [image: image], a time-varying decay model should be used; otherwise, a time-invariant model is employed for estimation.

The estimation method for the random disturbance term is based on Jondrow, Lovell (36)’s approach, as presented in Equation 4:

[image: image]

Where [image: image]. [image: image] and [image: image] respectively represent the probability density function and cumulative distribution function of the standard normal distribution.

Next, we use the estimation results of the SFA model to adjust the external environment of all DMUs to the same extent, by adjusting the input indicators through the Equation 5, aiming to eliminate the influence of heterogeneity. This adjustment ensures that the subsequent efficiency calculations are based on a homogeneous environment.

[image: image]

Where [image: image] represents the adjusted [image: image] input indicator of the [image: image] DMU at time [image: image]. After adjusting for environmental factors and random error terms, all DMUs will face the same external environment and luck factors.



3.1.3 Stage 3: running MSBM again after adjusting input variables

Using the adjusted input variables [image: image] obtained from the second stage to replace the original input data [image: image] calculate the new efficiency values based on the SE-MSBM model performed in Stage 1. As the influence of environmental and random error factors has been eliminated, the efficiency scores obtained in the third stage more accurately reflect the managerial efficiency of each DMU.




3.2 SBM based adjacent Luenberger productivity index

At present, the Malmquist-Luenberger method stands as the most commonly used approach for measuring production indices, yet it harbors certain unavoidable limitations. On one hand, within the Malmquist-Luenberger productivity index measurement method, there’s a need to select a measurement angle either under conditions of cost minimization or profit maximization (37). On the other hand, the multiplicative form of index construction renders it incapable of calculating the Malmquist-Luenberger index when negative efficiencies exist. Luenberger proposed an alternative, addressing these issues with the LTFP index. On one hand, it allows for profit maximization usage and reduces measurement inputs without selecting a measurement perspective, thereby enhancing output (37, 38). On the other hand, even in the presence of negative efficiencies, the additive structure of LTFP index make it possible to reflect real efficiency improvements. Hence, this study opts for the LTFP index to gauge improvements in efficiency over a time series.

During period [image: image], assuming [image: image] represents the optimal solution for Problem 1; if [image: image] is deemed efficient, then [image: image] is the optimal solution for Problem 2. If [image: image]is observable, similarly, assuming [image: image] is the optimal solution for period [image: image]. Moreover, if we simply transfer inputs and outputs from period [image: image] to period [image: image], the optimal solution under the reference set of DMUs in period [image: image] can be denoted by the reciprocal efficiency [image: image] Similarly, [image: image]represents the optimal solution of transferring inputs and outputs from period [image: image]to period [image: image] within the reference set of DMUs in period [image: image]. The optimal problem of [image: image] is given as Equation 6:

[image: image]

For the efficient [image: image] under the SBM, its super-efficiency as the optimal objective function value given by Equation 7:

[image: image]

The aforementioned [image: image], [image: image], [image: image], and [image: image] represent the optimal solutions under the VRS assumption, i.e., subject to the constraint [image: image]. By removing this constraint, we obtain the optimal solutions under the assumption of constant returns to scale (CRS). For clarity, subscripts [image: image]and [image: image] are used to, respectively, indicate the optimal solutions under VRS and CRS assumptions. Additionally, it’s important to note that under the CRS assumption, in the MSBM model, the maximum potential improvement [image: image] of the evaluated [image: image] might exceed [image: image], implying [image: image], which could lead to a negative value for the objective function (31). This is one of the reasons why we opt for the LTFP index to specify productivity changes.

Therefore, the LTFP index, which reflects the dynamic change of productivity in two adjacent periods can be expressed as Equation 8:

[image: image]

The LTFP index consists of two main components: efficiency change (LEC) (Equation 9) and technical change (LTC) (Equation 10). Additionally, LEC and LTC can be decomposed into pure efficiency changes (LPEC) (Equation 11) and scale efficiency changes (LSEC) (Equation 12), as well as pure productivity technology changes (LPTP) (Equation 13) and technology scale changes (LTPSC) (Equation 14). Their formulas are as follows (37, 39):

[image: image]
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These indices satisfy the following relationship presented in Equation 15:

[image: image]

According to the definitions of the LTFP index and its decomposition, LEC reflects the change in relative efficiency of the DMU across different periods, known as the “catch-up effect.” On the other hand, LTC represents the movement of the efficiency frontier between periods t and t-1, denoting the “frontier shift effect.” Additionally, both LEC and LTC can be decomposed into two components: changes in pure efficiency and changes in scale efficiency.

The computation of the LTFP index requires estimation under CRS and VRS assumptions, where four are derived based on CRS and the remaining four are computed assuming VRS. In this context, LPEC, LPTP, LSEC, and LTPSC being greater than 0 (or less than 0) signify specific changes: pure technical productivity increases (or decreases), technological advancement (or regression), scale efficiency improvement (or decline), and deviation of technology from the optimal scale state of the DMU from period [image: image] to [image: image].




4 Results


4.1 Variable and data selection

The study utilized data from various prefectures in Japan for a period spanning 2010 to 2014, encompassing a total of 5 years. Despite RF being established in 2009, the initial financial declaration data from each prefecture was incomplete at its inception. Therefore, we excluded the data for the year 2009. Additionally, due to the non-directional nature of the MSBM model, which does not support the efficiency calculation for DMUs with all inputs or outputs equal to zero, we omitted DMUs that had no reported RF declarations, resulting in the removal of a collective total of five observations.


4.1.1 Stage 1 and stage 3: input and output indicators

The per capita amounts allocated to the five programs funded by the RF2: Development Program of Leaders and Listeners (DPLL), Personal Consultation Support Program (PCSP), Telephone Consultation Support Program (TCSP), Enlightenment Program (EP), Intervention Model Program (IMP) are included as input indicators in the SE-MSBM model. According to Cantor and Poh (40), the evaluation framework for the efficiency of primary healthcare institutions in the DEA model requires the inclusion of primary inputs related to labor, capital-related inputs, and inputs related to consumable resources. As per the lines for the Management and Operation of the Regional Suicide Prevention Emergency Strengthening Fund, necessary expenses, wages, compensation, social insurance premiums, travel expenses, necessary expenses, service charges, usage fees, rental fees, equipment purchase costs, commission fees, subsidies, etc., can all be withdrawn from the RF. Therefore, utilizing RF as input indicators is justified (8). Additionally, the data for RF is sourced from publicly available data provided by the Japanese Ministry of Health, Labour, and Welfare.

Regarding the output indicators, I have selected the decrease in suicide rates for both men (DSRM) and women (DSRW) compared to 2008 as two separate output variables. The suicide rate is defined as the proportion of deaths by suicide to the total population of the DMUs for the current period, which is sourced from publicly available data provided by the Japan National Police Agency (41). This data is compiled based on the location where the individuals who died by suicide were discovered, rather than their registered residential address. Therefore, the decline in the suicide rate for males and females, as output variables, can be defined as Equations 16, 17, respectively:

[image: image]

[image: image]

The reasons for designing output indicators in this manner is as follows:

Firstly, why differentiate between genders? According to the nationwide suicide rate statistics in Japan depicted in Figure 2, over the 6 years (2009–2014) within which the RF fund was available nationwide, there was a significant overall decrease in the national suicide rate. However, the contribution to the decline in the male suicide rate was notably greater than that in the female suicide rate (7). If a DMU’s inputs from RF led to a decrease in male suicide rates but an increase in female suicide rates, using the total population’s suicide rate as an output variable could potentially result in a calculated output of zero, which would evidently be unfair. Therefore, separating the output variables by gender would better aid in evaluating the actual efficiency of the DMU.

[image: Figure 2]

FIGURE 2
 Trends in suicide rates in Japan (by gender).


Secondly, why use the difference from the 2008 suicide rates as inputs rather than including the suicide rate of each year as undesirable outputs in the model? As per the Guidelines for the Management and Operation of the Regional Suicide Prevention Emergency Strengthening Fund, any SPI program funded or subsidized by the national treasury implemented by each DMU before the establishment of RF, as well as personnel expenses of permanent staff in relevant administrative agencies, are not covered within the scope of RF funding. Consequently, it is assumed that before 2009, some DMUs had already been implementing SPI projects, which continued post-RF establishment. Therefore, the variations in suicide rates from 2009 onwards can be regarded as the policy effects resulting from RF input.

The detailed information regarding input and output indicators is provided in Table 1.



TABLE 1 Descriptive statistics of input and output indicators.
[image: Table1]



4.1.2 Stage 2: environmental variable

In the second phase of analysis, we designate an environmental variable matrix that includes stillbirth rates, alcohol consumption volume, year-on-year changes in the CPI (excluding owner-occupied rent), job availability ratio, unemployment rate, Prefectural Income per Capita3 (unit: thousand yen), divorce rate, and marriage rate. These variables are considered factors capable of inducing input slacks, besides random disturbances and managerial inefficiencies. Their descriptive statistics are given in Table 2. Additionally, the data on alcohol consumption is sourced from the National Tax Agency of Japan and the Okinawa Regional Taxation Office, while the remaining data is obtained from publicly available information provided by the Ministry of Health, Labour, and Welfare.



TABLE 2 Descriptive statistics of environmental variables.
[image: Table2]




4.2 Measurement and correction of efficiency values


4.2.1 Stage 1: initial efficiency scores based on original inputs

This stage employed the SE-MSBM model in the MaxDEA software to evaluate the SPI efficiency across various prefectures in Japan from 2010 to 2014. The efficiency values calculated are presented in Table 3. DMUs with efficiency values less than 1 are considered inefficient in management; those with efficiency values equal to 1 are regarded as efficient and highlighted in yellow in the table; DMUs with efficiency values greater than 1 are considered supper-efficient and marked in red. The last row and column in Table 3 represent the average efficiency values across all DMUs for each year and the average efficiency values for each DMU across all periods, respectively. The evaluation was performed using original inputs and outputs, thus encompassing not only managerial efficiency but also the impact of environmental factors and random noise.



TABLE 3 The initial efficiency score in the Stage 1.
[image: Table3]

Overall, the average efficiency across observed DMUs exhibits a U-shaped trend, which starts at 0.922 in 2010, declines rapidly to a minimum of 0.561 by 2011, then steadily rises, reaching a supper-efficient 1.017 by 2014. Moreover, the proportion of DMUs categorized as efficient or supper-efficient compared to all observed DMUs for each period also follows a U-shaped pattern, with percentages of 63.83, 34.09, 24.44, 48.94, and 48.94% for 2010 through 2014, respectively. This indicates an initial decrease followed by an increase in the overall average efficiency of DMUs. On the other hand, the standard deviation of DMU efficiency shows fluctuating trends across periods, reaching a peak of 2.129 in 2012, signifying significant regional disparities in SPI efficiency among prefectures.

A cross-sectional comparison of DMU efficiency over the five-year span reveals that only the average efficiency values of Hokkaido, Aomori, Tokyo, Wakayama, Tottori, Hiroshima, Kagoshima, and Okinawa achieved efficient or supper-efficient levels. Among these, only Wakayama and Tottori consistently achieved efficient or supper-efficient levels throughout the 5 years. This reflects that, even without considering non-managerial factors, hardly any prefecture has an environment or luck factor that readily leads to consistently high-efficiency values.



4.2.2 Stage 2: SFA and OLS

In this stage, the SFA or OLS models are employed to separate the environmental effects and random noise affecting DMU efficiency. Initially, a one-sided error LR test is conducted to test the null hypothesis [image: image]. Rejecting this hypothesis indicates that the managerial inefficiency in the input leads to deterministic feasible slack frontiers variations, requiring the use of the SFA model to estimate environmental effects. Failing to reject the null hypothesis suggests that the managerial inefficiency in the input does not affect stochastic frontier variations, indicating that the error term is solely composed of random disturbances, allowing direct estimation using the OLS model. The SFA and OLS models are run using Frontier 2.0 and Stata software, respectively.

According to the results of the LR one-sided error test in Table 4, it’s evident that, at a 95% significance level, we cannot reject the hypothesis of [image: image] for TCSP, EP, and IMP. Therefore, direct estimation using the OLS model is employed. However, for the slack variables of DPLL and PCSP, at a 95% significance level, the hypothesis of [image: image] is rejected, hence employing the SFA model for estimation. Moreover, the γ values indicate that managerial inefficiency in these two inputs contributes 43.2 and 56.9% to the error variance, respectively. Additionally, for these two input slacks, we cannot reject the hypothesis of η = 0, thus the time invariant SFA model is employed to estimate environmental effects and random influences.



TABLE 4 The results of SFA and OLS in Stage 2.
[image: Table4]

As environmental variables affect input slacks inversely to their impact on efficiency values, assessing the influence of environmental variables on efficiency can be done through the sign of regression coefficients. (1) The estimated coefficient for marriage rate is positive, indicating that higher marriage rates tend to lead to slacks in PCSP. Similarly, the positive coefficient for divorce rate suggests that higher divorce rates are associated with slacks in PCSP and IMP. The connection between high divorce rates, high marriage rates, and low efficiency values implies a causal relationship between residents’ marital life entanglements, and the decrease in SPI efficiency. (2) The job availability ratio to some extent reflects the social economic conditions; higher job availability rates correspond to lower slacks in DPLL and PCSP, which favor the improvement of SPI efficiency. (3) CPI positively impacts slacks in EP, suggesting that DMUs with higher CPI exhibit lower SPI efficiency. This reflects a negative correlation between rising living costs and the improvement in SPI efficiency. (4) Alcohol consumption shows a negative correlation with relaxation in PCSP, indicating that DMUs with higher alcohol consumption demonstrate higher SPI efficiency. (5) Stillbirth rates show a negative causal relationship with slacks in IMP, implying that DMUs with higher natural death rates are more likely to enhance SPI efficiency.



4.2.3 Stage 3: final efficiency scores based on adjusted inputs

In the third stage, adjustments were made to the original input indicators based on the regression results from the second stage. Subsequently, the SE-MSBM model was run again using the adjusted input indicators. Table 5 presents the efficiency values of each DMU in the third stage. DMUs with efficiency values greater than 1 are marked in red, while those with efficiency values equal to 1 are marked in yellow.



TABLE 5 The adjusted efficiency score in the Stage 3.
[image: Table5]

The adjustments to the original input indicators in the second stage subjected all DMUs to the worst external environmental and luck-related factors, consequently leading to a decrease in efficiency values for most DMUs. Specifically, after removing the influences of external environment and luck-related factors, the number of DMUs with 5-year average efficiency values greater than or equal to 1 decreased from 8 in the first stage to 4, including Hokkaido, Aomori, Wakayama, and Tottori. Furthermore, compared to the first stage, 61.7% of DMUs experienced a decline in their average efficiency values over the 5-year period. However, despite the removal of external environmental and luck-related factors, Wakayama and Tottori continued to maintain efficient or super-efficient level over the 5-year period.

In contrast to the U-shaped average efficiency trend across all observed DMUs in the first stage, the average efficiency of DMUs displayed a fluctuating downward trend after the removal of external environmental and luck-related factors. Starting from its peak of 0.715 in 2010, the average efficiency demonstrated a steady decline, reaching 0.593 by 2014, with a minor uptick in 2013. This indicates that, at least during the ascending phase (2011 to 2014) of the U-shaped average efficiency trend observed in the first stage, favorable external environmental and luck-related factors masked the fact of low managerial efficiency among DMUs, resulting in a rebound trend in average efficiency. Additionally, compared to the first stage, the standard deviation of efficiency values for DMUs across periods tended to stabilize, indicating that external environmental and luck-related factors increased regional disparities in the efficiency of SPI among DMUs.




4.3 Dynamic evolution of suicide prevention efficiency

For the specific causes of SPI efficiency’s variation, a further dynamic decomposition is necessary. Utilizing the MaxDEA software, this study employs the adjacent LTFP analysis to examine the relative shifts between prefectures and the production frontier, wherein LTFP, LPEC, LSEC, LPTP, and LTPSC, respectively, denote total factor productivity, pure efficiency changes, scale efficiency changes, pure productivity technology changes, and technology scale changes. It’s important to note that in contrast to interpreting results from SE-MSBM, if LTFP and its decomposition are greater than 0, it signifies an improvement in productivity, efficiency, or technology compared to the base period; conversely, if it’s less than 0, it indicates a decline.

Table 6 displays the average LTFP and its decomposition for all observed DMUs from 2010 to 2014. From Table 6, we observe that the national LTFP is positive from 2010 to 2013, indicating an overall increase in SPI productivity. However, the reasons for this productivity increase differ. The rise in LTFP from 2010 to 2011 is attributed to the enhancement of LSEC, leading to an improvement in LEC. Conversely, the regression in LTPSC diminished the magnitude of the productivity increase during that period. Improvements in productivity from 2011 to 2012 and 2012 to 2013 are credited to LTC. The former is due to improvements in LPTP, while the latter stems from the enhancement of LTPSC. Lastly, from 2013 to 2014, both LPTP and LTPSC exhibit notable improvements. However, the decline in LPEC and LSEC is greater, resulting in a slight regression in productivity.



TABLE 6 Luenberger total factor productivity and its composition.
[image: Table6]

Overall, over the five-year period from 2010 to 2014, the average SPI productivity across Japan increased by 28.3%. Among this, 13.9% is attributed to the progress of LEC, while 12.3% is credited to LTC’s advancements. Notably, the majority of LEC’s progress comes from the enhancement of LSEC, while the advancements of LTC overall benefits from the progress of LPTP. Furthermore, in terms of developmental trends, LEC has exhibited a gradual decline since 2011, with the rate of decrease intensifying each year. This decline primarily stems from the overall regression of LSEC, which has shown a progressively increasing downward trend, while the contribution from changes in LPEC remains relatively limited. Conversely, although LTC displayed a significant decline from 2010 to 2011, it has since stabilized and shown a consistent upward trend, with the rate of increase intensifying each year. Both LPTP and LTPSC have made significant contributions to the changes observed in LTC from 2011 onward.



4.4 Robustness test

The concern regarding the robustness of this study originates from the insignificance of the OLS regression in the second stage SE-MSBM. Despite Fried, Lovell (32)‘s indication that under the circumstances where the LR one-sided error test fails to reject the null hypothesis [image: image], the stochastic frontier specification is rejected, hence obviating the need for the SFA model. However, the OLS regression in Table 4 demonstrates less significant estimation effects for environmental factor coefficients. As a robustness check, this study revisits the estimation of environmental factors’ contribution on the slacks in TCSP, EP, and IMP in the second stage, using the SFA model to estimate the coefficients instead of the OLS, and subsequently adjusts the input indicators with the estimated coefficients from SFA. As shown in Table 7, compared to OLS, the results from SFA exhibit greater significance, indicating an enhanced explanatory power of environmental variables on the slacks of TCSP, EP, and IMP after accounting for managerial inefficiency’s impact.



TABLE 7 The results of SFA for robustness test.
[image: Table7]

Following adjustments to the related input variables based on estimated coefficients, the third stage of the SE-MSBM model is rerun. The efficiency values estimated are then utilized for a subsequent adjacent LTFP analysis, as presented in Table 8. Contrasting the results obtained from Table 6, the most notable change observed after considering managerial inefficiency in certain inputs is the shift of the 2013–2014 LTFP from negative to positive. This reversal is attributed to the absolute difference between positive LTC and negative LEC. Furthermore, for other periods and the overall productivity coefficients, the results of the robustness test exhibit minimal discrepancies from the primary analysis, signifying the robustness of the original analytical outcomes.



TABLE 8 Luenberger total factor productivity and its composition for robustness test.
[image: Table8]




5 Discussion

In the three-stage SE-MSBM model, the results from the first stage reflect the SPI efficiency of each prefecture under their respective environmental and stochastic influences. The outcomes from the third stage represent the relative actual managerial efficiency of each prefecture after removing the effects of environmental and stochastic factors. Comparing the results from the third stage with those from the first stage, it’s observed that the differences in suicide prevention efficiency among prefectures are more pronounced in the first stage. This suggests that the uneven distribution of external environmental and stochastic factors amplifies regional disparities in SPI efficiency among prefectures. From another perspective, the differences in suicide prevention efficiency observed in reality, attributable solely to managerial efficiency across prefectures, only constitute a portion of the overall observed differences. Neglecting the influence of exogenous factors might potentially exaggerate spatial discrepancies in SPI efficiency.

The analysis concerning the impact of environmental factors on input slack in the second stage has revealed some intriguing findings. (1) Both marriage rates and divorce rates are positively correlated with input slack (negatively associated with efficiency values). Assuming that the societal institution of marriage has a protective effect on suicide prevention (17, 18), higher marriage rates and lower divorce rates should result in decreased suicide rates, thereby enhancing SPI efficiency. However, the negative correlation between marriage rates and efficiency values suggests that married life could potentially serve as a trigger for higher suicide rates. According to publicly available data from the Japan National Police Agency (41), family issues remained the second leading cause of female suicide after health issues during this period, and approximately 10% of male suicides were attributable to family issues. Thus, entering into marriage may offer some protection against suicide on one hand, while on the other hand, it may introduce additional stressors, thereby increasing suicide risk. Moreover, the impact of marriage rates on input slack via the PCSP underscores the significant role of “seeking help” in reducing the suicide rate among individuals facing marital and family problems. Inefficient management and utilization of funds in this sector might lead to an increase in suicides related to marital issues, consequently affecting the overall SPI efficiency of the DMUs. (2) The negative correlation between the job availability ratio and input slack implies that a robust economic environment is more conducive to improving SPI efficiency. Economic and livelihood issues were the second leading cause of male suicides in Japan between 2009 and 2014 (41). Additionally, the surge in Japan’s suicide rate in 1998 is believed to be causally linked to economic downturns (20, 42). Therefore, in terms of enhancing SPI efficiency, prefectures facing poorer economic conditions encounter stronger resistance. (3) The negative correlation between CPI and efficiency suggests that increased pressure from higher prices may elevate the risk of suicide, consequently impeding improvements in the effectiveness of SPI. (4) Elevated alcohol consumption tends to decrease the slacks of PCSP, subsequently enhancing efficiency. Despite the common belief that high alcohol consumption increases the risk of suicide (15, 21, 43), considering the impact of alcohol consumption on PCSP slacks and its potential for alleviating tension and anxiety (44), it is speculated that individuals may be more inclined to engage in conversations (‘talk it out’) post-alcohol consumption, thus paradoxically reducing the risk of suicide to some extent. However, conflicting evidence in prior studies necessitates further examination of the mediating effects between alcohol consumption and the effectiveness of SPI. (5) There exists a positive correlation between the stillbirth rate and efficiency. Previous studies commonly assert that the stillbirth rate increases the risk of female suicide, which contradicts the findings here. One plausible explanation for this outcome could be, according to the Guidelines for the Management and Operation of the Regional Suicide Prevention Emergency Strengthening Fund (8), the IMP project serves as a safety net, wherein funds that cannot be allocated to other projects are designated to IMP. Therefore, the causal relationship between the stillbirth rate and the IMP slacks likely attributes to the funding division method of RF.

The analysis of the LTFP index indicates an overall upward trend in SPI productivity across Japan, despite a slight setback observed in 2013–2014. Additionally, there is a declining trend in the marginal improvement of productivity. Although the contributions of LEC and LTC to productivity improvement seem similar based on the outcomes, the developmental trends since 2011 reveal a gradual deterioration in LEC, contrasted with a gradual improvement in LTC. Moreover, the absolute values of the marginal change rates for both indicators have been steadily increasing. This indicates that post-2011, the overall improvement in SPI productivity of DMUs relied predominantly on technological enhancements, and technological advancements masked the deterioration in efficiency. Focusing on the causes of efficiency decline, it becomes evident that due to limited fluctuations in LPEC, the deteriorating trend in LSEC should primarily shoulder the responsibility.

We consider that the 2011 Great East Japan Earthquake has certain connections with the SPI efficiency across Japan. Occurring on March 11, 2011, this natural disaster is considered to have affected residents’ psychological and mental health, increasing the risk of suicide (11, 45, 46). According to nationwide studies, female suicide rates surged rapidly in the months following the earthquake, whereas male suicide rates, especially among middle-aged and older men, notably decreased in the months following the earthquake, although the declining trend weakened over time (45, 47). The contrasting trends in male and female suicide rates posed challenges for prefectural SPI efforts. Furthermore, in the 2 years following the earthquake, the proportion of female suicides attributed to “health issues” gradually increased (48). According to the findings of Kato and Okada (5), female suicide rates were inversely proportional to the amount of DPLL at the municipal level in the RF. Therefore, the post-2011 improvement in the management and utilization efficiency of DPLL might have contributed more to the efficiency enhancement. Lastly, the Great East Japan Earthquake might be an important exogenous environmental factor influencing SPI efficiency across prefectures. However, due to the inability to accurately delineate the effects of the natural disaster and its spillover effects on residents’ suicide risk, this study could not precisely control for its impact on DMU efficiency, suggesting room for improvement in future research.



6 Conclusion

Existing studies on the decline in suicide rates in Japan from 2009 to 2014 have predominantly focused solely on the changes in suicide rates, overlooking the fiscal costs incurred by the government in controlling these rates. In the context of severe financial constraints, this outcome-oriented research approach has led to a lack of understanding regarding the cost-effectiveness of policies, consequently detaching the assessment of policy effectiveness from practical implications. Thus, this study concentrates on the cost-effectiveness of SPI by prefectural governments in Japan from 2009 to 2014, marking the first application of the DEA analysis framework to evaluate the government’s efficiency in SPI.

Specifically, we employed the SE-MSBM model, using the declared amounts of RF as inputs and the reduction in male and female suicide rates as outputs to assess the efficiency of SPI across Japanese prefectures. Furthermore, to eliminate the influence of exogenous environmental factors and luck on efficiency, we utilized a three-stage analysis framework to derive a relatively objective managerial efficiency of SPI in these prefectures. Subsequently, to elucidate the dynamic changes in efficiency and their causes, we employed the LTFP index and its decomposition to analyze the productivity changes in SPI efficiency.

The analysis results indicate the following: Firstly, in the three-stage SE-MSBM analysis, the spatial differences in SPI efficiency reflected in the results of the third stage are relatively minor compared to those in the first stage. This suggests that efficiency values directly based on inputs and outputs are easily influenced by exogenous environmental and luck factors. However, after filtering out these exogenous factors, the differences in efficiency values resulting from the managerial efficiency disparities among prefectures are relatively limited. Secondly, the analysis in the second stage of the impact of environmental and luck factors on efficiency values reveals that high divorce rates, high marriage rates, high year-on-year changes in the CPI, low job availability ratio, and low alcohol consumption are likely to hinder the improvement of SPI efficiency. Finally, in the analysis of the LTFP index, we found that although the overall average productivity of SPI in prefectures maintains an upward trend, the marginal improvement demonstrates a diminishing trend. Additionally, productivity improvement comprises positive technical changes and negative efficiency changes, with the negative efficiency changes primarily attributable to the continuous deterioration of scale efficiency.

The results of this study provide some insights for policymakers: Firstly, in the process of enhancing the efficiency of SPI, efforts should not only focus on improving management efficiency but also consider improving the external environment. Secondly, an excessive reliance on technical advancements is observed in the improvement of SPI productivity, insufficiently supported by productivity enhancements arising from efficiency improvements. This highlights the need for further optimization of policy execution efficiency in each prefecture, ensuring that resources are used efficiently. Lastly, optimizing scale efficiency to promote positive efficiency changes, thereby enhancing SPI productivity, appears to be the most evident approach.

We must acknowledge several limitations in this study. Firstly, in the selection of environmental variables, our approach was to include external factors influencing input–output and factors affecting input–output conversion rates in the environmental variable matrix. However, the declaration rules of RF generally did not have specific limitations based on the external environment of each prefecture. Moreover, the input–output conversion rates mainly reflect the fund management and utilization efficiency of DMUs, which is precisely the efficiency that the three-stage SE-MSBM model aims to measure. Therefore, most variables eventually considered as environmental factors tend to exert exogenous influences on output variables, namely male and female suicide rates. The limitation of this variable selection approach lies in the possibility that if other exogenous environmental variables exist, the second stage’s filtering effect on environmental and stochastic factors might be inadequate. Secondly, considering that RF does not subsidize SPI policies that had received other subsidies before 2009, we assumed that relevant policies implemented before 2009 continued unchanged during the study period. If this assumption does not hold, the reduction in suicide rates following RF implementation might contain confounding factors. Further examinations and analyses would rely on more precise data support.
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Footnotes

1   The RF was allocated 10 billion yen in the supplementary budget for the 2009 fiscal year, 3.7 billion yen in the third supplementary budget for the 2021 fiscal year, 30.2 billion yen in the first supplementary budget for the 2022 fiscal year, and 16.3 billion yen in the first supplementary budget for the 2023 fiscal year.

2   The RF data utilized in this study is the sum of the portion directly requested by prefectural governments from the central government and the portion representing funding usage plans submitted by municipalities within the jurisdiction of the prefectures.

3   Based on 2011 standard.
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Objective: This study aimed to assess the financial impact of different adoption rates of insulin glargine (IGlar) treatment compared to isophane protamine (neutral protamine hagedorn [NPH]) insulin treatment for patients with type-2 diabetes (T2D) and severe hypoglycemia in Thailand from the payer’s perspective.

Methods: The budget impact analysis (BIA) model over a period of 5 years was used to estimate the net budget impact (NBI) of IGlar treatment by comparing the total budget expenditures under two scenarios: scenario 1 involved only NPH insulin and scenario 2 included the introduction of IGlar. The total budget included either the cost of insulin or a combination of the costs of insulin and the expense related to severe hypoglycemia. Scenario 2 started at 20% uptake of IGlar and a yearly increase of 20%. NBI was calculated as the difference between the total budgets of scenarios 1 and 2. NBI and one-way sensitivity analyses were conducted for evaluation.

Results: Considering only the cost of insulin, the use of IGlar for patients with T2D and severe hypoglycemia resulted in a yearly average NBI of 174.9 million Thai baht (THB) (5.1 million USD). However, when the cost related to severe hypoglycemia was included, the total budget incurred from scenario 2 was less than that of scenario 1, leading to a negative NBI or cost savings.

Conclusion: The NBI of IGlar adoption would be substantial when considering only the cost of insulin; however, the significant benefit of IGlar in terms of a lower rate of severe hypoglycemia compared with NPH insulin would clearly offset the additional cost of IGlar.
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1 Introduction

Type-2 diabetes (T2D) is a rapidly rising public health issue globally. In 2021, T2D affected approximately 536.6 million people worldwide and is estimated to increase to approximately 783.2 million by 2045 (1). In Thailand, 6.1 million adults are affected by diabetes (1); according to the Fifth National Health Examination Survey, nearly 8.9 and 10.8% of Thai men and women, respectively, were affected by T2D, among which less than one-half (45.9 and 36.4%, respectively) received T2D treatment (2). Hypoglycemia is a risk for people with T2D being treated with insulin, with reported rates of severe hypoglycemia approximately 2.5 events per person per year (3). Severe hypoglycemic events may generate expensive hospitalization. Minor hypoglycemic events do not require hospitalization, but the occurrence of minor events in high frequency might result in substantial costs and lost productivity (4). Costs of severe hypoglycemia for outpatient visits and inpatient admissions in Thailand were approximately 3,102 THB (103 USD) and 74,532 THB (2,475 USD), respectively (5). Therefore, issues such as glycemic control, adverse events, convenience, and costs should be considered before selecting an appropriate insulin type for individuals with T2D.

In Thailand, insulin glargine (IGlar) is currently listed in the National List of Essential Medicine (NLEM) Category D, referring to medicines used only for particular indications and diseases. IGlar can be prescribed only for type-1 diabetes (T1D) under the conditions that patients have severe hypoglycemia or nocturnal hypoglycemia after using multiple daily human insulin injections (6). Human insulin is the primary type listed in the NLEM for T2D. The study of 36,793 patients with T2D from 1,018 healthcare facilities across Thailand reported that 22.80% were insulin users (7). Since IGlar is more expensive than human insulin, budget impact analysis (BIA) is required to provide economic evidence for the overall financial budget to decide on whether to extend IGlar use for T2D patients. Therefore, this study was conducted regarding the NLEM in Thailand to assess the financial impact of different adoption rates of IGlar treatment instead of conventional insulin treatment for patients with T2D and severe hypoglycemia.



2 Materials and methods

The analytical framework for BIA analysis of IGlar uptake for patients with T2D and severe hypoglycemia is shown in Figure 1. In this study, conventional insulin is referred to as isophane protamine (NPH) insulin. BIA required epidemiologic data that included prevalence, incidence, mortality rate, and cost. All inputs were based on the published studies and the data from Thailand.

[image: Figure 1]

FIGURE 1
 Framework of budget impact analysis. IGlar, insulin glargine; NPH, isophane protamine insulin.



2.1 Study inputs


2.1.1 Estimation of insulin glargine candidates

We began to estimate insulin users based on the market sale of NPH insulin in Thailand. The yearly average NPH insulin use from 2017 to 2021 was 844,472,700 units. Based on the expert’s opinion, daily insulin dosage was 25 units/patient, resulting in insulin use of 9,125 units/patient/year. Therefore, currently, the total number of NPH insulin users sums up to 92,545 patients (844,472,700/9,125) in Thailand.

In contrast to economic evaluation using close cohorts, BIA applies open cohorts, which means that the individuals can be included or excluded along a time horizon by incorporating disease incidence and mortality rate in the analysis. Based on the findings of the national cross-sectional study of 36,793 patients with T2D from 1,018 healthcare facilities across Thailand (7), 41.22% undertook at least two oral antidiabetic drugs; 25.52% could not control HbA1c to target 3 times consecutively; and 22.80% received insulin treatment. The estimated incidence of insulin users was 2.4% (22.80% × 41.22% × 25.52%). Therefore, the number of yearly new insulin users was determined by multiplying the number of patients with T2D and the estimated incidence, summing up to 72,487 patients.



2.1.2 Mortality rate of patients with T2D

Risk of death from T2D was reported by the Department of Disease Control, Ministry of Public Health (8) and the mortality rate of the general Thai population was obtained from the Public Health Statistics, Ministry of Public Health (9). Compared with non-insulin users, insulin users indicated a hazard ratio (95% confidence interval [CI]) for the mortality rate of patients with severe hypoglycemia of 3.6 (3.1–4.3) (10). We derived the mortality rate of patients with T2D and severe hypoglycemia by multiplying the hazard ratio and mortality rate of the Thai population at the age of 60 years. This rate was eventually converted to risk. The risk of death from having T2D and the risk of death from having severe hypoglycemia were incorporated in the BIA model to estimate the eligible population.



2.1.3 Prevalence of severe hypoglycemia

The yearly prevalence of severe hypoglycemia was 15% for patients with T2D and insulin treatment (11). Compared with NPH insulin, the risk of severe hypoglycemia for patients with IGlar was reduced by 46% (p = 0.0442) (12).



2.1.4 Costs

The cost of IGlar was determined using a pharmaceutical company. IGlar 100 IU/mL of 3 mL cost 0.83 THB per unit while IGlar 100 IU/mL of 10 mL and 300 IU/mL of 1.5 mL cost 1.28 THB per unit. The 0.83 THB per unit was employed in the base-case analysis, and the higher cost was used in sensitivity analysis. The cost of NPH insulin was obtained from the Drug and Medical Supply Information Center, Thailand Ministry of Public Health (13). The costs of NPH insulin 100 IU/mL of 3 mL and 10 mL were 0.26 THB per unit and 0.13 THB per unit, respectively. The 5-year market share of both dosage forms was 46% vs. 54%. Therefore, the average cost of NPH insulin was equal to 0.19 THB per unit (0.26 × 0.46 + 0.13 × 0.54). The total yearly cost of insulin was estimated from the daily-dose multiplied by 365 days. Based on the expert’s opinion, the daily insulin dose in Thailand was found to be 25 units/day/patient.

The cost per event of severe hypoglycemia was obtained from the previous cost-effectiveness of IGlar in Thailand (14). The total cost of severe hypoglycemia was estimated from the cost per event of severe hypoglycemia and the prevalence of severe hypoglycemia. All costs were adjusted to 2022 values using the medical care component of the Thai consumer price index (15). The costs were converted at a rate of 34.54 THB/USD as on December 30, 2022 (16).




2.2 Study perspective

This study considered the payer’s perspective; therefore, only the direct medical costs—the costs of NPH insulin and IGlar and the cost associated with severe hypoglycemia—were included. For base-case analysis, the cost of severe hypoglycemia was excluded.



2.3 Data analyses


2.3.1 Base-case analysis

The BIA was performed over a period of 5 years based on the Thailand Health Technology Assessment guidelines (17). The details of BIA inputs were shown in Table 1. The total budget was calculated from the following two scenarios: Scenario 1 was that all patients with T2D and severe hypoglycemia received NPH insulin and scenario 2 was the replacement of NPH insulin by IGlar at the rate of 20% in year 1. The uptake rate of IGlar increased by 20% each year until achieving 100% in year 5. The total budget considered only the cost of insulin and the combination of costs of insulin and severe hypoglycemia. The net budget impact (NBI) was the difference in the total budget between scenarios 1 and 2. The results were reported as the yearly cost of NBI and the average cost of NBI.



TABLE 1 Budget impact model inputs.
[image: Table1]



2.3.2 Sensitivity analysis

Deterministic sensitivity analysis was carried out to assess the impact of parameter uncertainty. The key parameters, such as the uptake rate of IGlar and the cost of IGlar, varied. The 100% uptake rate of IGlar was applied from the first year. The cost of IGlar increased from 0.83 THB per unit to 1.28 THB per unit with varying IGlar uptake starting at 20 or 100%.





3 Results


3.1 Base-case results

When IGlar replaced NPH insulin, the total budget would increase depending on the uptake rate of IGlar. In this study, the starting uptake rate of IGlar was 20% and increased by 20% each year. The NBI was approximately 29.1 to 361.1 million THB (0.8–10.5 million USD) from years 1–5, with a yearly average cost of 174.9 million THB (5.1 million USD) when only the cost of insulin was considered. The total budget incurred by the use of NPH insulin only (scenario 1) was higher than that of the uptake of IGlar (scenario 2). This resulted in a negative NBI of 37.3–463.1 million THB or 1.0 to 13.4 million USD with a yearly average cost of 224.3 million THB (6.5 million USD). The results are shown in Table 2.



TABLE 2 Net budget impact from insulin costs with and without the cost of severe hypoglycemia.
[image: Table2]



3.2 Sensitivity analysis results

With an increase in the uptake rate of IGlar to 100% from the first year, the cost of NBI was approximately 4.2–10.5 million USD—that is, with a yearly average cost of 7.4 million USD. When the cost of severe hypoglycemia was included, the NBI would become negative, indicating less total budget of IGlar adoption (scenario 2) compared with no IGlar adoption (scenario 1). The yearly average cost saving was 9.5 million USD or 327.7 million THB. All results are shown in Figure 2.

[image: Figure 2]

FIGURE 2
 Sensitivity analysis with 100% uptake of insulin glargine considering (A) only the cost of insulin and (B) both costs of insulin and severe hypoglycemia. IGlar, insulin glargine; NPH, isophane protamine insulin; USD, US dollar.


Although the cost of IGlar increased from 0.83 THB per unit to 1.28 THB per unit, negative NBI was still observed with the inclusion of the cost of severe hypoglycemia. The cost saving was found for the starting IGlar uptake of 20%. However, discarding the cost of severe hypoglycemia, NBI would be substantial depending on the uptake rate of IGlar. The yearly average cost saving of NBI was 8.6 million USD for starting 20% IGlar uptake and 12.6 million USD for 100% IGlar uptake. All results are shown in Figure 3.

[image: Figure 3]

FIGURE 3
 Net budget impact for the cost of glargine 1.28 THB per unit. IGlar, insulin glargine; NPH, isophane protamine insulin; SH, severe hypoglycemia; USD, US dollar.





4 Discussion

The BIA study represents an important tool to support informed decision-making to estimate the financial impact for a specified population of implementing a new health intervention or technology (17). The findings of this study showed that replacing NPH insulin with IGlar would increase the NBI due to a higher unit cost of IGlar compared to that of NPH insulin. The extent of the NBI depends on the rate of IGlar uptake. Specifically, the yearly average cost of NBI was equal to 174.9 million THB (5.1 million USD) when starting with a 20% uptake of IGlar, while it increased to 255.5 million THB (7.4 million USD) with 100% uptake.

However, when we factored in the costs associated with severe hypoglycemia, the narrative shifted dramatically. The introduction of IGlar leads to significant cost savings, with the NBI transitioning to a negative value, indicating that the expenses related to treating severe hypoglycemia effectively offset the higher costs of IGlar. Specifically, the analysis shows a yearly average cost saving of approximately 224.3 million THB (6.5 million USD) when the costs of severe hypoglycemia treatment are included. This underscores the critical importance of considering broader health outcomes in BIA analysis.

In addition, the unit cost of IGlar was a significant factor influencing the analysis. The cost of NBI increased substantially due to the high acquisition cost of IGlar. The yearly cost of NBI increased by approximately 122.4 million THB (3.5 million USD) when the cost of IGlar increased from 0.83 THB per unit to 1.28 THB per unit. Clinical evidence demonstrates that IGlar effectively reduces overall symptomatic and nocturnal hypoglycemia (12). Consequently, the cost of severe hypoglycemia was incorporated into the BIA analysis, resulting in a negative NBI. Reducing the occurrence of severe hypoglycemic events was crucial in offsetting the additional cost associated with IGlar treatment—this benefit persisted even when the unit cost increased to 1.28 THB per unit.

The findings of our study align with other studies that have evaluated the economic impact of IGlar in various healthcare settings. For instance, a survey conducted in the US found that the transition to IGlar was associated with lower overall healthcare costs due to fewer hypoglycemic events and related complications.

This study revealed several strengths; the study was conducted at the request of the Health Economic Working Group (HEWG), working under the subcommittee for the development of the NLEM in Thailand and was conducted after the cost-effectiveness study of IGlar in Thailand (14). Accordingly, some inputs were obtained from the related cost-effectiveness study. This would help the findings of this BIA study to be relevant to the previous cost-effectiveness study and could inform decision-makers when developing reimbursement policies within the resource constraints of the healthcare system. In addition, this BIA study is the first in Thailand to evaluate the financial impact of changing the adoption rate of IGlar use among patients with T2D with severe hypoglycemia. The meeting with an endocrinologist and health economist to validate the BIA model and inputs was established. The suggestions received were considered for the study’s quality improvement. Although no randomized controlled trial has compared IGlar with NPH insulin in Thailand, the risk reduction of severe hypoglycemia by IGlar compared with NPH insulin was based on the results of a meta-analysis of randomized controlled trials, which is classified as the highest level of evidence.

Despite the strengths of this study, including the robust data inputs derived from previous cost-effectiveness analysis, there are several limitations that warrant consideration. First, the assumption that different formulations of IGlar have equivalent clinical efficacy and safety may oversimplify the analysis. The patient-level meta-analysis showed that IGlar 300 IU/mL provided comparable glycemic control to IGlar 100 IU/mL with less severe hypoglycemia at any time of day and less nocturnal hypoglycemia (18). Future studies could benefit from examining the specific impacts of IGlar 300 IU/mL in reducing severe hypoglycemia compared with IGlar 100 IU/mL, potentially enhancing the economic argument for adopting the higher concentration formulation. Second, except for the cost of severe hypoglycemia, this BIA model did not capture the effect of severe hypoglycemia concerning other aspects such as other hypoglycemia-related complications. Third, this study did not include indirect costs and patients’ health-related quality of life owing to the perspective of the study. Finally, in the absence of actual data on the adoption rate of IGlar, we assumed an initial adoption rate of 20% based on expert opinion.



5 Conclusion

The yearly NBI of IGlar adoption in the treatment of patients with T2D and severe hypoglycemia from NPH insulin was 174.9 million THB (5.1 million USD). A lower rate of severe hypoglycemia with IGlar than those treated with NPH insulin generates cost savings, resulting in significantly reduced additional costs of IGlar. Therefore, the yearly NBI became negative.
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CBHI membership renewal decision

Variables (N = 541 Response category Frequency (%)
Renewed (%) Dropped (%)
Level of understanding CBHI High 298(55.2) 22(411) 76 (14.1)
Low 242(448) 143 (2655) 99(18.3)
Atitude toward CBHI Favorable 316 (58.5) 21 (128) 85(15.7)
Unfavorable 24(415) 134 (248) 90(167)
“Trust in CBHI scheme Good 196 (363) 171(317) 25(4.6)
Poor 344(63.7) 194 (35.9) 150 (27.8)
Trust in contracted health Good 297 (55) 264 (48.9) 361
facilties Poor 243 (45) 101 (18.5) 142(263)
Premium affordability Affordable 29(422) 198 (36.7) 31(57)
Unaffordable 311(57.6) 167 (309) 144/(267)
Benefit package as expected As expected, 407 (75.4) 292 (54.1) 115 213)
received Below expected 133 (24.6) 73 (13.5) 60 (11.1)
CBHI Scheme experience Good 293 (54.3) 248 (45.9) 45(83)
Poor 247 (457) 117(21.7) 130 (24.1)
Length of CBHI enrollment 1-3years 289(5335) 117 (328) 112(207)
>ayears 251 (46.5) 188 (34.8) 63(117)
Perceived quality of health Good 304(56.3) 226 (41.9) 78 (144)
service Poor 236 (437) 139 (257) 97(18)
Providers'attitude toward Favorable 239 (44.3) 213 (394) 26(4.8)
CBHI members Unfavorable 301(55.7) 152 (28.1) 149 (27.6)
istance of health facilities in <30min 169(313) 113 (209) 56 (10.4)
minutes 30-60min 318(589) 224 (415) 94(17.4)
>60min 53(9.8) 28(52) 25(46)
Leaving health facilities without Yes 216 (40) 179 (33.1) 37(69)

getting service No 324 (60) 186 (34.4) 138 (25.6)
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Response Membership renewal decision Odds ratio, 95% ClI

Variables

category Renewed (%) Dropped (%) COR AOR
Sex of households Male 334(61.9) 160 (29.6) 1.01 (0.53-1.92) 1.53 (0.51-4.65)
Female 315.7) 15(2.8) Ref. Ref.
Family size <5 153(28.3) 97(18) 0.58 (0.40-0.84) 0.46 (0.25-0.86)*
25 212(39.3) 78 (14.4) Ref. Ref
Old age in family members Yes 162 (30) 62(115) 145 (1.00-2.11) 132 (0.69-2.54)
No 203(376) 113 (209) Ref. Ref
Under 5 in family members Yes 276 (51.1) 136 (25.2) 089 (0.58-137) 0.63(0.29-128)
No 89(165) 39(72) Ref. Ref
Education status of Unable to read and write 94(17.4) 80(14.8) 0.23(0.13-0.42) 0.09(0.03-0.25)*
households Only able to read and write 68(12.6) 37(69) 0.36 (0.19-0.70) 0.28 (0.12-0.64)%*
Primary education 17 (21.7) 41(7.6) 0.56 (0.30-1.06) 0.40 (0.12-1.27)
Secondary + 86(15.9) 17 (3.1) Ref. Ref
Wealth status Extremely poor 65(12) 43(8) 0.82 (0.47-1.43) 1.71(2.37-12.35)**
Poor. 80(14.8) 27(5) 1.61(0.89-2.92) 5.44 (1.9-32.53)*
Middle 8115 28(52) 157 (0.88-2.83) 9.80 (2.75-34.92)%*
Rich 7103.1) 0 (74) 097 (0.55-1.69) 235 (0.88-7.05)
Very rich 68(126) 37(68) Ref. Ref.
Understanding CBHI level High 222(41.1) 76 (14.1) 2.02(1.40-2.91) 1.52(0.76-3.04)
Low 143(26.5) 99(183) Ref. Ref
Attitude to CBHI scheme Favorable 21 (428) 85(157) 183 (1.28-2.63) 1.57(0.79-3.09)
Unfavorable 134(24.8) 90(167) Ref. Ref
“Trust in CBHI scheme Good 171 (31.7) 25(4.6) 5.29(3.30-8.47) 1.94(0.61-6.18)
Poor. 194 (35.9) 150 (27.8) Ref. Ref
Premium affordability Affordable 198 (36.7) 31(5.7) 5.51(3.55-8.55) 4.34 (2.08-9.04)%%
Unaffordable 167 (309) 144(26.7) Ref. Ref
(CBHI Scheme experience Good 248 (45.9) 45(8.3) 6.12(4.09-9.17) 175 (0.74-4.15)
Poor. 17 (21.7) 130 (24.1) Ref. Ref.
Chronic disease in family Yes 90(16.7) 67(12.4) 1.90 (1.29-2.79) 0.91 (0.44-1.89)
No 275(50.9) 10(20) Ref. Ref.
Leaving HFs without Yes 179 (33.1) 37(6.9) 0.28(0.18-0.42) 0.26(0.12-0.55)***
treatment No 186 (34.4) 138 (25.6) Ref. Ref.
“Trust in contracted HFs Good 264 (48.9) 33(6.1) 11.25(7.22-17.51) 5.81(2.82-11.94)***
Poor 101 (185) 142 26.3) Ref. Ref.
Providers’ attitude toward Favorable 213 (39.4) 26 (4.8) 8.03 (5.04-12.79) 8.23(3.96-19.64)***
members Unfavorable 152(28.1) 149(27.6) Ref. Ref.
Perceived quality of health Good 226 (41.9) 78 (14.4) 2,02 (1.40-2.91) 447 (2.28-8.85) ***
i d Poor. 139(25.7) 97 (18) Ref. Ref.
“Traveling time to HF <30min 226 (41.9) 109 (20.2) 0.99 (0.95-1.02) 0.41(0.23-1.83)
*30min 139.(257) 66(122) Ref. Ref.
Perceived family health Good 280(51.9) 122(226) 143 (0.96-2.14) 229(0.99-5.23)
Shs Poor 85(17.5) 53(9.8) Ref. Ref.
Secking health care in past Yes 258 (47.8) 147 (27.2) 218(1.37-3.46) 325 (132-7.98)%
12months No 107 (198) 28(52) Ref. Ref.
Length of CBHI enrolment 1-3years 117 (32.8) 112(20.7) 1.90 (1.30-2.74) 2.72(1.45-5.11)
24years 188 (34.8) 63(11.7) Ref. Ref.

*p-value <0.05; **p-value <0.01; ***p-value < 0.001; Ref, reference; Cl, Confidence interval; HE, Health Facility; COR,

rude odds ratio; AOR, Adjusted odds ratio.
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Table of costs per person Hypertension

Infections 6507025 € 8849554 €
Infections with microorganisms determined 853,86 € 152475 €
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Preumothorax 264975 € 1854825 €
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Cardiac arrest e 5104000 €
Bacteremia 19.299,00 € 35841,00€
Coagulation alteration 2004500 € 80.180,00 €
Anemia 1585200 € 23.778,00€
Rhabdomyolysis 2326400 € 34.896,00 €
Sharp failure 2538400 € 12057400 €
Pancreatitis 9.807,00€ -€
Hepatic failure 617000€ 18.510,00 €
Acute confusional syndrome 39.627,00€ 175.491,00 €
Psychiatric compliances 2953600 € 2953600 €
Adverse reaction drugs 4550000 € 2800000 €
Severed adverse drug reaction 580500 € 1741500 €
Hypertension 40298180 €
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Costof hospital stay 749100€ 681000€
Total patient management 428.894,48 € 136271171 €

Total handling per person 20202€ 934,64 €
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Complications Hypertension

Infections 25(16.00%) 34(32.69%) 0.002
Infections with microorganisms determined 14(933%) 25 (24.04%) 0.001
Bacterial pneumonia 6 (4.00%) 13 (12.50%) 0.011
Acute respiratory syndrome 18 (12.00%) 33(31.73%) <0.001
Preumothorax 1067%) 7(673%) 0007
Effusion pleural 2(133%) 4(3.85%) 0195
Mer 0(0.00%) 3(2.88%) 0.036
Convulsions 0(0.00%) 1(096%) 0229
Stroke 1(0.67%) 2(1.92%) 0362
Congestive cardiac inflation 3(2.00%) 4(3.85%) 0377
Myocarditis 0(0.00%) 1(0.96%) 0229
Pericarditis 1(0.67%) 0(0.00%) 0.404
Endocarditis 0(0.00%) 0(0.00%) NA

Arrhythmia 2(1.33%) 8(7.69%) 0.010
Cardiac ischemia 1(067%) 1(096%) 0794
Cardiac arrest 0(0.00%) 16 (15.38%) <0.001
Bacteremia 7(4.67%) 13 (12.50%) 0.023
Clotting alteration 5(3.33%) 20(19.23%) <0.001
Anemia subsidiary 4(2.67%) 6(5.77%) 0211
Rhabdomyolysis 2(1.33%) 3(2.88%) 0381
Sharp failure 8(5.33%) 38(36.54%) <0.001
Pancreatitis 1(067%) 0(0.00%) 0404
Hepatic failure 2(1.33%) 6(577%) 0.047
Acute confusional syndrome 7(467%) 31(29.81%) <0.001
Psychiatric complications 4(267%) 4(3.85%) 0597
Adverse reaction drugs 13 (8.67%) 8(7.69%) 0.782
Severe adverse drug reaction 1(067%) 3(2:88%) 0.163
Exitus 204(1052%) 438 (30.54%) <0001
Hospital stays. 11(9-19) 10 (7-14) 0296

“Median and interquartile range.
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Variable Hypertension

N 2,123 (59.29%) 1,458 (40.71%)
Sex <0001
Male 926 (44.80%) 799 (54.80%)
Female 1,141 (55.20%) 659 (45.20%)
Age (median, 1QD) 52(37-64) 77 (65-85) <0001
Healtheare worker 601 (30.23%) 67 (4.83%) <0001
Type overcrowding <0001
‘Without overcrowding 1941 (94.68%) 1,222 (84.80%)
Residence 100 (4.88%) 214 (14.85%)
Hotel 8(039%) 5(0.35%)
Prison 1(0.05%) 0(0.00%)
Relationship with positive COVID 333 (17.48%) 221 (1654%) 0.485
Suspected nosocomial transmission 702 (34.50%) 362 (25.02%) <0001
Functional stage <0001
Dependent for basic activities of daily living 107 (5.35%) 145 (10.48%)

Semi-dependent for basic activities of daily living 56 (2.80%) 134(9.68%)

Independent for basic activities of daily iving 1838 (91.85%) 1,105 (79.84%)
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Dom: Indicator Threshold

Health Disability Grant A household is considered deprived in this dimension if at least one member receives a disability grant due to his/her inability
to work.

Education ‘The highest level of | Individuals with less than 5years' (Grade 4) formal schooling are considered deprived.

education attained

Standard of living | Access to Electricity | Houscholds marked as ‘o' for having electriity are considered deprived.

Fuel for cooking Households using wood, coal, paraffin, or animal dung for cooking are considered deprived.
Access to water Houscholds without access to piped water in the duwelling are considered deprived.
Sanitation type Households without a flush toilet n the dwelling are considered deprived.
Housing quality Households living in informal areas or traditional authority areas are considered deprived.
Income and Asset ownership A household that does not own more than one radio, refrigerator, television, telephone, or car is considered deprived.
material Unemployment Households are considered deprived if all adults (aged 15 to 64) are unemployed.

deprivation
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Variable Description

Represents the average number of years a newborn can
Life expectancy at birth
expect to live based on current mortality rates.

Refers to the different administrative regions wi
Provinces
South Africa.

Represents total government spending on healthcare
Public Health Expenditure
services per province.

Public Health Expenditure  Calculated as total public health expenditure divided by the

per capita population of the province.
Calculated as the GDP in constant prices of cach province
Income per capita .

divided by the size of cach provinces population

Calculated as the percentage difference between the current
Population Growth rate

and previous population.

Represents the percentage of the population aged 15-49
HIV Prevalence
estimated to be HIV-positive per province.

I represents the percentage of women aged 15 and above
Female literacy Rate who can read and write a short, simple statement with

understanding per province.

Indicates whether individuals reported receiving a disability
Disability Grant
grant.

‘The highest level of

education attained

Represents the highest level of education attained by

individuals.

Access to Electricity Indicates whether a household has access to electricity.

Fuel for cooking

Represents the type of fuel households use for cooking.

Access to water Indicates whether households have access to piped water.

Sanitation type Represents the type of toilet facility used by households.

Housing quality Represents the type of region in which houscholds reside.
A composite variable of several asset variables, including a
Asset ownership radio, refrigerator, television, telephone, and car,
determines a households asset ownership.
The official criteria define the unemployment rate per
Unemployment

province.

Categories/values

Life expectancy values for both sexes across all

provinces in South Africa.

Eastern Cape, Free State, Gauteng, KwaZulu-Natal,
Limpopo, Mpumalanga, Northern Cape, North-West,
Western Cape.

Continuous
Continuous
Continuous
Continuous

Continuous

Continuous

1: Yes, 2:No

Levels of education range from primary (0-8) to high
school (5-15), and post-high school qualification
(19-24).

1: Yes, 2:No

1: Electricity from mains, 2: Electricity from
generator, 3: Gas, 4: Paraffin, 5: Wood, 6: Coal, 7:
Animal dung, 8 Solar energy.

1: Yes, 2: No

“This ranges from flush toilets (connected to mains or
sepic tanks) to chemical toilets, pit atrines (with or
without ventilation), and bucket toilets. Each can
belocated in the duwelling, on-site, or offite.

1: Urban formal, 2: Urban informal, 3: Traditional

areas, 4: Rural formal,

2: refrigerator, 3: television, 4: telephone, 5

Continuous

Used in PIMD

NO

YES

NO

NO

NO

NO

NO

NO

YES

YES

YES

YES

YES

YES

YES

YES
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Project Groupi ore (x & s) Statistics
Overall - . 81.62+ 16.85 - =
Gender Male 4,328 8223+13.29 16.28" 0.328
Female 3,935 8132+ 15.68
Age 18-30 453 93.23 +£23.68 71.23° 0.022
31-40 631 86.75+ 13.85
41-50 526 8591+ 16.33
51-60 2,365 80.84% 1627
61-70 3214 80.32+22.52
71-80 527 78.66 % 19.36
=81 547 7632+ 16.85
Marital status Married 5,285 86.25 4 16.28 32.55" 0.039
Unmarried 795 8322 +17.87
Divorced/separated 525 79.62 & 21.39
Widowed 1,658 76.21+ 16.82
Children No child 653 77.214+17.83 36.57" 0.036
1 child 3,225 8023 +£10.29
>2 children 4,385 84.03+13.12
Educational attainment Primary school 1,536 75.58 £ 10.89 53.24° 0.026
Junior high school 2,912 80.23 & 12.39
High school/technical 2,601 8539+ 12.28
Secondary school
College 862 90.82 £ 13.68
Bachelor degree or above 352 86.25 %+ 15.62
Occupation Farmer 2,443 73.254 1235 57.98" 0.023
Worker 825 86.95 % 15.81
Military person 336 90.24 £ 22.69
Leader 0 -
Employed 1,361 81.07 £ 17.38
Self-employed 952 82.73 % 18.08
Freelance 1,525 8237 £ 15.99
Retired 0 -
Student 538 90.85 £ 17.97
Other 283 7848 £ 15.36
Place of residence City 712 83.74 £ 18.92 19.68" 0229
Town 1,983 81.92 £ 15.36
Rural 5,568 77.28+13.28
Monthly household <3,000 2,386 79.38 £13.33 68.85" 0.018
income (yuan)
3,000-<5,000 3,785 78.32 £ 16.86
5,000-<8,000 1,257 8632+ 16.87
8,000-<10,000 1,035 91.07 £ 19.69
>10,000 428 93.23 £ 15.54
Department visited Internal medicine department 3,089 81.32 £ 17.00 5031° 0.031
Surgical 3,827 81.12 + 16.60
Obstetrics and gynecology 763 80.58 & 18.28
Pediatric 0 -
Intensive care medicine 51 7341 % 15.82
Other 533 80.37 & 16.23
Medical insurance type | Rural cooperative medical 6,962 79.35 & 16.99 45.96° 0.035
insurance
Basic medical insurance 0 -
scheme for urban employees
Basic medical insurance 0 -
scheme for urban residents in
urban areas
Commercial insurance 632 86.39 % 18.32
Public expense 0 -
Own expense 359 7535+ 13.86
Other 310 80.87 & 18.63
Region Northeast China 928 83.21 & 16.49 10.17 0.443
North China 1,353 83.86 %+ 18.32
East China 1,607 80.83 & 15.62
Middle China 1,354 81.22+19.32
‘West China 986 80.28 &+ 15.36
Northwest China 823 79.29 + 18.95
South China 1212 79.33 £ 18.32
First-time visitor Yes 6,883 79.85 £ 18.36 66.35% 0.019
No 1,380 8533+ 17.59
Surgical patient Yes 5,035 81.52+18.36 722 0.573
No 3,228 83.05+17.85
At-value.

PE_value.
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Period

2010-2011
2011-2012
2012-2013
2013-2014

Mean

0933

0132

0153

0157

0342

2111

-0.043

0565

0248

0303

~0.034

-0.085

0.054

-0.112

-0.045

2145
0042
0619

-0.136

0348

LTPSC
-1178 0219 -1.397
0.148 0245 -0.097
0719 ~0.224 0943
0363 0381 ~0.018
0015 0.152 -0.137
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Slack variable of TCSP Slack variable of E Slack variable of IMP

Marriage rate —540.976%+* (~43.829) —382.821%%% (=25.485) —60.352 (~0.620)
Divorce rate 1777.163%%% (166.431) 5872.930%%* (722.722) 6889457+ (1003.856)
Unemployment rate —683.387%%* (<9.422) 284.469%%% (7.021) 407.418 (1.529)
Job availability ratio ~1756.093%** (~76.788) —3728465%+* (~476.787) —456.843%%% (=11.125)
Year-on-year changes in the CPI ~207.760 (~1.555) 921.354%%% (22.935) 408.200%* (2.930)
Alcohol consumption volume ~17.924 (<0919) ~1.732(<0.031) 11,519 (0.266)
Stillbirth rate 29.615 (0.565) 37.096 (0.258) —324.267** (-2.708)
Prefectural Income per Capita 0.734% (2.164) 2629%% (2767) ~0.255 (~0.383)
Constant 1,318.705 (0.470) —21401.608*** (~5296.289) —10715.563*** (~3725.296)

8269E+06%5* 6.066E+07%%% 3.752E407%%
o
LR test of the one-sided error 6951 2631 4970
v E - E

-0.114 ~0.048 -0.028

n

-

statistics in parentheses **%p < 001, *4p < 0,05, *p < 0.1
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Period

LTPSC
2010-2011 0.903 2084 003 2114 ~118, 0.204 ~1384
2011-2012 0131 0042 -0.085 0043 0.146 0233 -0.087
2012-2013 0170 ~0534 0.036 0570 0704 -021 0914
2013-2014 0052 0874 ~0.103 ~0771 0798 0.383 0415

Mean 0.283 0.139 -0.046 0185 0123 0.149 0026
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Unadjusted Adjusted
B (95% CI) t B (95% ClI)

Constant 292.286 (178.830, 405.742) <0.0005

Age 4282(2.510,6.053) 4747 <0.0005

Gender 58.574 (8.928, 108.221) 2317 0.021

Los 0371 (0.326,0416) 16.280 <0.0005 0282 (0.233,0332) 11165 <0.0005
Triage Level at Admission 146,885 (~178.413,(-115.357)) ~9.149 <0.0005 ~62.225 (~92.265, (~32.186)) ~4.068 <0.0005
Ambulance arrival 250,625 (186.150, 315.099) 7.634 <0.0005 80.516 (21143, 139.890) 2663 0.008
Type of specialty that discharged the patient from the ED ~51.001 (~78.487, (~23.515)) —3.644 <0.0005 ~24.160 (~46.780, (~1.541)) -2098 0.036
History of any ARP. 125,129 (54.906, 195.352) 3499 0.001

Other drug use-related disorders 172,113 (116,841, 227.385) 6115 <0.0005

Organic comorbidities 101,925 (51.673, 152.178) 3.983 <0.0005

Situation at discharge 240.283 (191847, 288.718) 9743 <0.0005

Report of alcohol drinking pattern 284538 (172,680, 396.396) 4.996 <0.0005

Assessment by a non-psychi

ic medical specialty in ED 262,160 (207.612, 316.707) 9.439 <0.0005 84.785 (32,426, 137.144) 3180 0.002

Final adjusted Model: Adjusted R2=35.7%; F (5,603) =68.509; p<0.0005. ED, Emergency Department; Lo, Length of Stay; ARP, Alcohol-Related Problem; CI, Confidence Interval. For Triage, Level I was the reference category. Lower levels of Triage imply higher
acuity/clinical severity. For the Type of specialty that discharged the patient from the ED, “Psychiatry” was the reference category. For situation at discharge, “Discharge home” was the reference category.
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DMUs 2010 2013 2014 Mean
T
Miyagi 0414 0.439 0.281 0533
Akita | 0.181 0.253 0.221 [ 0.453
Yamagata 0.359 0.324 0.271 0.342
Fukushima 0.588 0.425 0.291 0.258 0.544
Ibaraki 0.658 0.461 0.507 0431 049
“Tochigi 0.499 0.436 0.576 0.673 0.461 0.529
Gunma | 0.385 - 0.38 0.467 0.388 | 0.405
Saitama 0.537 0.461 0.521
Chiba 0.436 0.5
“Tokyo 0.464 0.521
Kanagawa 0.504 0.617
Eﬂ 0.239 0.492 0.449 0.522 0.228 0.386
“Toyama 0.381 0.486 0.367 0417 0.558
Ishikawa 0321 0.503 0.541 0.436 0.453 0.451
0.364 0.439 0.364 0.511
“Yamanashi 0.347 1 1 1 0.986
Nagano | 0.426 0.453 0415 0.241 0.522
Gifu
Shizuoka
Aichi
Mie
Shiga
Kyoto
Osaka
Hyogo 0.496 0.58 0512 0.409 0.271 0.454
Nara 0.25 0.645 0.342 0.345 0.243 0.365
1 1
0.244 0.287 0.781
Okayama 0.534 0.593 0.383 0.678
Hiroshima 0.538 0.62 0.872
‘Yamaguchi 0.485 il 1 0.777
0.495 017 0.114 0.553
0.408 |
0.478
Kochi 0353 - 0.558 0.384 0.286 0.396
Fukuoka 1.533 0.446 0.575 0.655 0.51 0.744
Saga 0.181 0.295 0.248 0273
Nagasaki | 0.626 0.504 0312 [ 0.718
Kumamoto 0.224 0.405 0.463 0.575 0.54
Oita. 022 0.56 0.487 0.529 03 0.419
Miyazaki 0.506 0.482 0.421 0.271 0.629
Kot s o w e ew
Okinawa 0.182 034 0.179 0.444
Mean 0.715 0.713 0.616 0.696 0.593 0.666
S.D. 0.491 0.644 0.278 0.668 0.444 0.335

- indicates that the observed values of the DMU for that period are excluded because all of its input indicators are zero, which does not meet the eligibility criteria for the SE-MSBM model.
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Unadjusted Adjusted
B (95% CI) t ue B (95% ClI) p-value

Constant 112837 (68.704, 156.969) <0.0005

Age 3.070 (1525, 4614) 3.903 <0.0005
Los 0.397(0.382,0411) 53414 <0.0005 0.385 (0,370, 0.400) 50256 <0.0005
‘Triage Level at Admission ~101.324 (~127.541, (~75.106)) ~7.59 <0.0005 ~19.427 (~31.355, (~7.500)) -3.199 0.001
Night admission 67.121 (8093, 126.150) 223 0026

Ambulance arrival 138,693 (90.007, 187.379) 5595 <0.0005 27.732 (3.008, 46.456) 223 0026
‘Type of specialty that discharged the patient from the ED —44.208 (~65.752, (~22.665)) ~1030 <0.0005 ~11.401 (~20.661, (~2.142)) 2418 0016
History of any ARP 72,606 (26.186, 119.026) 3072 0002

Other drug use-related disorders 43.272(0.395, 86.150) 1982 0048

Organic comorbidities 96,053 (45.610, 146.496) 3740 <0.0005

Situation at discharge 229,593 (190423, 268.764) 1 <0.0005

Report of alcohol drinking pattern 101,597 (24015, 179.178) 2572 0010

Assessed by a non-psychiatric medical specialty 212,888 (169.054, 256.723) 9538 <0.0005

Final adjusted Model: Adjusted R2=83.1%; F (4,604) =747.716: p<0.0005. ED, Emergency Department; ED FUs, Emergency Department Frequent Users; LoS, Length of Stay; ARP, Alcohol- Related Problem; CI, Confidence Interval. For Triage, Level 1 was the
reference category. Lower levels of Triage imply higher acuity/clinical severity. For the Type of specialty that discharged the patient from the ED, “Psychiatry” was the reference category. For Situation at discharge, “Discharge home” was the reference category.
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Slack variable of  Slack variable of  Slack variable of  Slack variable of  Slack variable of

DPLL PCsP TCSP EP IMP
Marriage rate 566.348 (1.243) 1133.739%%% (10.028) ~549.625 (~0.796) ~388.885 (~0.200) ~100.818 (~0.068)
Divorce rate ~188.854 (~0.901) 55018217+ (84.097) 1,778.137 (1.188) 5:869.685 (1.390) 6,886.430% (2.128)
Unemployment rate 320415 (0.816) ~255.686 (~0.769) ~726.406* (~1.856) 267.710(0.242) 299.417(0.354)
Job availability ratio —4324,645%%% (~21.275) ~3805.223%%* ~1,743.026 (~1.340) ~3,725.113 (~1015) ~440.437 (<0.157)
(~107.497)
Year-on-year changes in 433.096% (2232) 96.232 (0.478) ~122.107 (<0.754) 938.764%* (2.055) 463961 (1.325)
the CPI
Alcohol consumption ~7.699 (<0.302) ~85.726%* (~2.783) ~13.965 (~0.699) 27424 (0487) 36417 (0843)
volume
Stillbirth rate —48.600 (~0.628) ~63.606 (~0.68) 18.746 (0.233) ~20678 (~0.091) ~347.203** (~1.997)
Prefectural Income per 0.789(1.190) 0705 (1.371) 0710 (1.168) 2286 (1.333) ~0.608 (~0.462)
Capita
Constant —4359.331FFF (<43258) | —8,322.469 (~1.370) 1,318.705 (0.470) —18,840.891%* (~2378) ~10715.563%%
(=3725.296)
1283E407%5% L971E+07%5% 8.269E406%* 6.066E+07%+* 3752E4074%
o2
LR test of the one-sided 16.561%* 30,0825+ 6951 2631 4970
error
0432 0,569+ - - -
4
~0091 ~0.068 - B .

n

t-statistics in parentheses *##p < 0.01, **p < 0.05, *p < 0.1
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ED FUs with ARP and ED FUs without ARP Controls with ARP and controls without ARP

Mean difference 95% ClI of the difference p-value Mean difference 95% Cl of the difference p-value

Mean Total Costs (€) 72.61 25.24-119.97 0.003* 125.13 62.28-187.98 <0.0005*
Mean Healthcare Human Resources Costs (€) 63.56 21.48-105.65 0.003* 107.89 56.95-158.84 <0.0005*
Mean Structural Costs (€) 5.07 1.76-8.37 0.003* 873 434-13.12 <0.0005*
Mean Diagnostic Test Costs (€) 297 (-2.15)-8.10 0.255 219 (~48.43)-52.80 0932
Mean Blood Bank Costs (€) 0.59 (-3.02)-420 0.749 317 (-2.06)-840 0231
Mean Pharmacy Costs (€) 0.46 (-054)-146 0362 205 0.43-3.67 0.013*
Mean Medical Supplies Costs (€) (-0.08) (-L11)-095 0879 0.96 (-0.89)-282 0310
Mean Other Costs (€) 0.03 (-0.46)-0.10 0.461 013 (-0.003)-0264 0055
LoS (minutes) 13471 28.12-241.30 0.013* 31140 154.63-468.18 <0.0005*

ED FUs: Emergency Department Frequent Users; LoS: Length of Stay; ARP: Alcohol-Related Problems; CI: Confidence Interval; * and bold text n

ate stas

cally significant results (p<0.05).
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DMUs 2010 2011 2012 2013 2014 Mean

Hokkaido 1.004 0441 - 162 2366 1358
Aomori 1147 1288 - 1436 1 1218
Iwate 0412 1225 0.287 0256 0.145 0.465
Miyagi 1158 1913 0018 0532 0.406 0805
Akita 0223 - 3012 038 0308 0981
Yamagata 0518 0.141 0.044 0448 0384 0307
Fukushima 1014 1 on 0398 0381 0581
Tharaki 1.008 0078 0026 0592 0538 0448
Tochigi 0678 0046 0.258 1171 1008 0632
Gunma 1 - 0022 0579 0595 0549
Saitama 1018 0.138 0025 1018 1194 0679
Chiba 1144 0069 004 108 1091 0685
Tokyo 1 0.125 0.023 1163 2699 1.002
Kanagawa 1288 0199 0.069 1594 1362 0903
Niigata 038 o1 0077 1081 0439 0415
Toyama 119 0.098 0.21 041 1077 0598
Ishikawa 1206 026 0212 0458 1231 0674
Fukui 0408 1.206 0045 0.604 0599 0572
Yamanashi 0495 1 1 1 1358 0971
Nagano 0615 0172 1 0552 0354 0539
Gifu 1118 0.052 0.028 1157 1292 0.73
Shizuoka 0,603 0023 1 0397 1011 0607
Aichi 1081 0042 0.078 1.682 1902 0957
Mie 1237 0295 0017 0417 0532 05

Shiga 0463 0042 1 041 0492 0.481
Kyoto 1169 0115 0037 0273 0358 0391
Osaka 1105 1016 0.293 1007 1 0.884
Hyogo 1015 0.157 0019 0.406 0416 0403
Nara 0349 1013 0011 0421 0328 0424
Wakayama 1 4244 1175 1 1 1.684
Tottori 171 1 1689 4298 7.458 3231
Shimane 152 108 1165 037 0592 0946
Okayama 1 0.067 0.044 1.685 0519 0663
Hiroshima 1883 0.234 0.061 1279 2414 1174
Yamaguchi 1017 0199 0215 1.106 1 0707
Tokushima 0556 1683 0.091 0219 0.146 0539
Kagawa 0217 0018 0032 0307 0415 0.198
Ehime 1955 0.181 0.085 1219 L162 092
Kochi 1051 - 0.284 1 1 0834
Fukuoka 1261 0015 0038 1044 0759 0623
Saga 0221 0,063 0013 031 033 0.187
Nagasaki 1265 1094 1542 0625 047 0999
Kumamoto 0281 0076 0058 1151 1743 0662
Oita 0219 1 0.028 1 1 0619
Miyazaki 1407 1.083 0.106 053 0.401 0705
Kagoshima 1475 0239 1043 1053 1275 1017
Okinawa 0222 0.148 14.067 0549 0251 3047
Mean 0922 0561 0.682 0878 1017 0816
SD. 0454 0772 2129 0.663 1130 0574

“.* indicates that the observed values of the DMU for that period are excluded because all of ts input indicators are zero, which does not meet the eligibility criteria for the SE-MSBM model.
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ED FUs without ARPs
(n=427)

Controls (n=609)

Controls with ARPs
(n=86)

Controls without
ARPs (n =523)

ED FUs (n= ED FUs with ARPs
(n=182)

Human Resources Costs (€) M=197.29 8D =236.57 M=241.86 SD=246.51
Costs of Diagnostic Tests () M=15.47 SD=28.45 M=17.555D=30.13
Blood bank costs (€) M=2155D=20.77 M=2575D=245
Pharmacy Costs (€) M=6378D=5575 M=670SD=457
Medical supplies costs (€) M=5855D=593 M=5795D=439
Other Costs (€) M=065SD=0.42 M=0675D=0.29
Structural Costs (€) M=17.08SD=18.75 M=20.645D=19.23
Total Costs (€) M=244.87 SD=268.86 M=295.77 SD=275.66

M=17829 SD=229.88

M=1458 5D,

7.69

M

=198SD=18.99
M=6245D=609
M=587SD=648

M

=065SD=047
M=15575D=18.37

M=223.17 $D=263.25

M=141315D=16332

M=31228D=22129
M=0825D=12.12
M=5928D=7.10

M=653SD=8.14

M

=0635D=059
M=13.985D=21.64
M=20043SD=310.12

M=233.97 SD=230.72
M=33.108D=65.73
M=3555D=24.15
M=7.68SD=6.67
M=7.365D=7.22
M=0.745D=051
M=2148SD=1854

M=307.88 SD=265.70

M=126.08 SD=144.06
M=30915D=237.35
M=0385D=8.64
M=5638D=7.14
M=6.40SD=8.28
M=0615D=059
M=12755D=21.88

M=18276 SD=315.55

Data are reported as mean (M) with standard deviation (SD) for continuous variables or percentages (%) with counts for categorical variables unless otherwise specified. ED, Emergency Department; ED FUs, Emergency Department Frequent Users; ARPs, Alcohol-

Related Problems. Study period: from 1 December 2018 to 30 November 2019.
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D FUs (n=609)

D FUs with ARPs

(n=182)

ED FUs without ARPs
(n=427)

Controls (n=609)

Controls with ARPs
(n=86)

Controls without
ARPs (n =523)

Length of Stay (minutes) M=519.68 SD=615.72
Ambulance Arrival 148 (24.3%)
Type of specialty that discharged | Surgical 124 (20.4%)
the patient from the ED Trauma 40 (6.6%)
Internal Medicine 340 (55.8%)
Psychiatry 105 (17.2%)
Situation at Discharge Discharge home 500 (82.1%)
Hospital Admission 86 (14.1%)

Transfer to another center 23
(3.8%)

Report of Alcohol Drinking 50 (8.2%)

Pattern
Psychiatric Assessment in ED 123 (20.2%)
Social Assessment in ED 13 (2.1%)

Assessment by a non-psychiatric | 179 (29.4%)
‘medical specialty in ED

M=601.85 SD=595729

57 (31.3%)
Psychiatry 42 (23.1%)

Internal Medicine 104 (57.1%)

Trauma 12 (6.6%)

Discharge home 144 (79.1%)
Hospital Admission 29 (15.9%)

“Transfer to another center 9
(49%)

40 (22.0%)

56 (30.8%)
11(6.0%)
57 (21.3%)

M=495.04 SD=619.512
91 (21.3%)

Psychiatry 63 (14.8%)

Internal Medicine 236 (55.3%)
Trauma 28 (6.6%)

Surgical 100 (23.4%)
Discharge home 356 (83.4%)
Hospital Admission 57 (13.3%)

“Transfer to another center 14
(33%)

10(2.3%)

67(15.7%)
2(05%)
122(28.6%)

M=377.56 SD = 46081
97 (15.9%)

Surgical 136 (22.3%)

Trauma 105 (17.2%)

Internal Medicine 338 (55.5%)
Psychiatry 30 (4.9%)

Discharge home 508 (83.4%)
Hospital Admission 81 (13.3%)

“Transfer to another center 20
(3.3%)

30 (4.9%)

38 (6.2%)
4(0.7%)
142 (23.3%)

M=644.99 SD=715.107
30 (34.9%)

Psychiatry 5 (5.8%)

Internal Medicine 53 (61.6%)
‘Trauma 20 (23.3%)

Surgical 8 (9.3%)

Discharge home 56 (65.1%)
Hospital Admission 24 (27.9%)

“Transfer to another center 6
(7.0%)

21 (244%)

10 (11.6%)
0(0.0%)
39 (45.3%)

M=333.59 SD=387.742
67(12.8%)

Psychiatry 25 (4.8%)

Internal Medicine 285 (54.5%)
Trauma 85 (16.3%)

Surgical 128 (24.5%)
Discharge home 452 (86.4%)
Hospital Admission 57 (10.9%)

“Transfer to another center 14
(2.7%)

9(1.7%)

28 (5.4%)
4(0.8%)
103 (19.7%)

Data are reported as mean (M) with standard deviation (SD) for continuous variables or percentages (%) with counts for categorical variables unless otherwise specified. ED, Emergency Department; ED FUs, Emergency Department Frequent Users; ARPs, Alcohol-

Related Problems. Study period: from 1 December 2018 to 30 November 2019,
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Input

PCSP 230
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DPLL 230
EP 230
IMP 230
Output

DSRM 230

DSRW 230

Meai

4197.617
3156205
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13855281
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6774

1454

4169.657

2975839
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5.365

2615
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26502.622
19492743
21484.079
56547.962

44015.145

24,607
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Variable S P R2 Adjusted R
Age —0232 0.051 0.036 0.592 0376
Marital status —0.135 0.029 0.039

Number of children 0363 0.076 0.028

Educational attainment 0.285 0.062 0,033

Occupation 0.265 0.032 0.568

Monthly household income 0.391 0.061 0.027

Department visited 0383 0.114 0353

Medical insurance type 0274 0.029 0237

First-time visitor 0338 0.039 0.043
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Variables Coefficients

The logarithm of Income per Capita 00208 00731
The logarithm of the Population Growth Rate 0.1587% 0.0968
The logarithm of the Female Literacy Rate ~2.4690 25333
The logarithm of Public Health Expenditure
-24519* 11736
per Capita
Logarithm of HIV Prevalence (Ages 15-49) 34625 14236
PIMD ~42100°%* 10910
Interaction Term: Public Health Expenditure,
0.0011%% 0.0002
PIMD, and Free State
Interaction Term: Public Health Expenditure,
0.0006% 0.0003
PIMD, and Gauteng
Interaction Term: Public Health Expenditure,
0.0007%%% 0.0002
PIMD, and KwaZulu-Natal
Interaction Term: Public Health Expendi
~0.0003 0.0002
PIMD, and Limpopo
Interaction Term: Public Health Expenditure,
0.0009%* 0.0003
PIMD, and Mpumalanga
Interaction Term: Public Health Expenditure,
0.0006% 0.0003
PIMD, and North-West
Interaction Term: Public Health Expen
~0.0001 0.0002
PIMD, and Northern Cape
Interaction Term: Public Health Expen
~0.0003 0.0004
PIMD, and Western Cape
One-year Lag of Public Health Expenditure
~0.0004 0.0005
per Capita
Two-year Lag of Public Health Expenditure
~0.0004 0.0004
per Capita
One-year Lag of Income per Capita 0.0000 0.0001
Two-year Lag of Income per Capita ~0.0001 0.0001

*Equation 3 presents the results presented here. Coefficients marked with * indicate
significance at the 10% level, those marked with ** denote significance at the 5% level, and
coefficients with *** represent a high significance level at the 1% level.





OPS/images/fpubh-12-1359902/fpubh-12-1359902-e103.jpg





OPS/images/fpubh-12-1442304/fpubh-12-1442304-t009.jpg
Variables Coefficients Std.

The logarithm of Income per Capita 00523 0.0671
The logarithm of the Population Growth Rate 0.0680 0.0896
‘The logarithm of the Female Literacy Rate -02172 21069
The logarithm of Public Health Expenditure
—2.6415%+% 08303
per Capita
Logarithm of HIV Prevalence (Ages 15-49) -11772 12709
PIMD ~32160%+* 0.7876
Interaction Term: Public Health Expenditure,
0.0010%* 0.0002
PIMD, and Free State
Interaction Term: Public Health Expenditure,
0.0006% 0.0003
PIMD, and Gauteng
Interaction Term: Public Health Expenditure,
0.0005%* 0.0002
PIMD, and KwaZulu-Natal
Interaction Term: Public Health Expen
~0.0003 0.0002
PIMD, and Limpopo
Interaction Term: Public Health Expenditure,
0,009 0.0002
PIMD, and Mpumalanga
Interaction Term: Public Health Expenditure,
000074 0.0002
PIMD, and North-West
Interaction Term: Public Health Expenditure,
~0.0002 0.0002
PIMD, and Northern Cape
Interaction Term: Public Health Expenditure,
~0.0011%%% 0.0004

PIMD, and Western Cape

“Fquation 2 presents the results presented here. Coefficients marked with * indicate
ignificance at the 10% level, those marked with ** denote significance at the 5% level, and
coeffcients with *** representa high significance level at the 1% level.
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*The content presented here, including calculating deprivation scores using the first specification, is the author’s original work.
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Year YoY change  YoY change in YoY change

in life public health inincome
expectancy expenditure per per capita
capita

2005
2006 050 1493 -2872
2007 117 12,99 -39,79
2008 264 11,50 -2932
2009 177 1031 5583
2010 1156 -804
2011 11,97 797,21
2012 ~0.16 811 -653
2013 ~016 227 686
2014 000 802 ~0.40
2015 000 463 4247
2016 067 599 -2473
2017 051 565 3622
2018 050 535 21,05
2019 050 508 13,63

“The author's data was used to calculate YOY percentage changes, following the formula
percentage difference between the current and previous year’ values, divided by the previous
year's value, multiplied by 100.
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YoY change ~ YoY changein  YoY change

in life public health inincome
expectancy expenditure per capita
per capita
2005
2006 083 41,25 ~92,8
2007 ~066 2920 518,29
2008 149 22,60 ~3067
2009 065 18,43 3731
2010 -032 17,77 9246
2011 -032 1457 ~1386
2012 000 10,09 -813
2013 ~0.16 804 89,59
2014 016 750 973,15
2015 000 12,10 37,52
2016 000 805 ~2839
2017 016 743 33,70
2018 016 691 -8823
2019 016 647 1,79

“The author's data was used to calculate YOY percentage changes, following the formula
percentage difference between the current and previous year’ values, divided by the previous
year's value, multiplied by 100.
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YoY change  YoY changein  YoY change

in life public health in income
expectancy  expenditure per capita
per capita

2005
2006 018 18,19 592,73
2007 035 15,39 —222
2008 245 13,34 -3232
2009 205 1,77 4401
2010 084 410 90,26
2011 033 1574 ~91,24
2012 017 524 -8.98
2013 017 0,46 493
2014 0,00 9,52 -0,17
2015 000 16,96 39,62
2016 079 645 ~2697
2017 062 6,06 32,89
2018 062 571 17,60
2019 061 541 12,69

“The author's data was used to calculate YOY percentage changes, following the formula
percentage difference between the current and previous year’ values, divided by the previous
year's value, multiplied by 100.
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Average life Min life Max life Std dev life Average Min public Max public Std dev

expectancy  expectancy  expectancy  expectancy public health health health public health
expenditure  expenditure  expenditure  expenditure
per capita per capita per capita per capita

EC 55 51 58 223 2,888 2054 4137 680.85

FS 55 51 58 278 3,047 1,192 4790 1156.13

GP 60 57 62 176 3,084 1,385 4910 12202

k2N 5 1 57 274 2082 1591 4436 2264

I3 @ 0 o 138 2450 Lis6 3667 79202

M 36 B 5 287 201 1231 3376 7780

NC 6 ) « 041 335 862 5839 1583.09

W 57 5 6 233 233 919 3659 86681

we o o 6 038 3423 1515 533 1207.26

*These categorizations are calculated using our data sourced from publications by the National Treasury and the Health Systems Trust,
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ED FUs with ARPs ED FUs without ARPs  Controls (n = 609) Controls with ARPs Controls without

(n=182) (n=427) (n=86) ARPs (n =523)
Age (years) M=44575D=137 M=46845D=12.236 M=4451 SD=13840 M=44575D=137 M=47.925D=1269 M=44025D=1350
Gender (Male) 346 (56.8%) 136 (74.7%) 210 (49.2%) 346 (56.8%) 57 (66.3%) 289 (55.3%)
Number of visits to the ED | M=7.34SD=4.16 M=8315D=498 M=6925D=3.69 M=1.56SD=0.87 M=1575D=0902 M=1.56 SD=0.869
during a year
Month of Attendance at ED | January 102 (16.7%) January 33 (18.1%) January 69 (16.2%) January 102 (16.7%) January 18 (20.9%) January 84 (16.1%)
February 74 (12.2%) February 28 (15.4%) February 46 (10.8%) February 74 (12.2%) February 7 (8.1%) February 67 (12.8%)
March 71 (11.7%) March 18 (9.9%) March 53 (12.4%) March 71 (11.7%) March 5 (5.8%) March 66 (12.6%)
April 69 (11.3%) April 19 (10.4%) April 50 (11.7%) April 69 (11.3%) April 5 (5.8%) April 64 (12.2%)
May 39 (6.4%) May 13 (7.1%) May 26 (6.1%) May 39 (6.4%) May 6 (7.0%) May 33 (6.3%)
June 43 (7.1%) June 8 (4.4%) June 35 (8.2%) June 43 (7.1%) June 8 (9.3%) June 35 (6.7%)
July 18 (3.0%) July 3 (1.6%) July 15 (3.5%) July 18 (3.0%) July 2 (2.3%) July 16 (3.1%)
August 14 (23%) August 2 (1.1%) August 12 (2.8%) August 14 (23%) August 2 (23%) August 12 (23%)
September 14 (2.3%) September 3 (1.6%) September 11 (2.6%) September 14 (2.3%) September 3 (3.5%) September 11 (2.1%)
October 2 (0.3%) October 0 (0%) October 2 (0.5%) October 2 (0.3%) October 0 (0%) October 2 (0.4%)
November 3 (0.5%) November 1(0.5%) November 2 (0.5%) November 3 (0.5%) November 0 (0%) November 3 (0.6%)
December 160 (26.3%) December 54 (29.7%) December 106 (24.8%) December 160 (26.3%) December 30 (34.9%) December 130 (24.9%)
Triage Level at Ad 1407%) 10/(0%) 14(09%) 17(11%) 13(3.5%) 14(08%)
11133 (21.8%) 1155 (30.2%) 1178 (18.3%) 1199 (16.3%) 1131(36.0%) 1168 (13.0%)
1111336 (55.2%) 11188 (48.4%) 111248 (58.1%) 111343 (56.3%) 11143 (50.0%) 1111300 (57.4%)
IV 107 (17.6%) V32 (17.6%) IV 75 (17.6%) IV 144 (23.6%) V9 (10.5%) IV 135 (25.8%)
V29 (4.8%) V7 (3.8%) V22(5.2%) V16 (26%) V0(0.0%) V16 (3.1%)
Night admission (2210 6h) | 94 (15.4%) 37(203%) 57 (13.3%) 100 (16.4%) 18 (20.9%) 82 (15.7%)
to the ED
‘Time of the day at Eveningand night (1600to Evening and night (16000 Evening and night (16:00 to Eveningand night (16:00 to Evening and night (1600 to Evening and night (16:00 to
admission :59h) 240 (39.4%) 23:59h) 70 (38.5%) 23:59h) 170 (39.8%) 23:59h) 211 (34.6%) 23:59h) 32 (37.2%) 23:59h) 179 (34.2%)
Morning and afternoon Morning and afternoon Morning and afternoon (08:00h  Morning and afternoon (08:00h  Morning and afternoon (08:00h Morning and afternoon (08:00h
(08:00h 10 15.59h) 295 (48.4%)  (08:00h t0 15.59h) 86 (47.3%) 10 15.59h) 209 (48.9%) 10 15.59h) 312 (51.2%) 1015.59h) 37 (43.0%) 1015.59h) 275 (52.6%)
Early morning (00:00 to Early morning (00:00 to Early morning (00:00t0 07:59h)  Early morning (00:00t0 07:59h)  Early morning (00:00 t 07:59h)  Early morning (00:00 to
07:59h) 74 (12.2%) 07:59h) 26 (14.3%) 48 (11.2%) 86(14.1%) 17(19.8%) 07:59h) 69 (13.2%)
Lives near the hospital 390 (64%) 126 (69.2%) 264 (61.8%) 310 (50.9%) 49 (57.0%) 261 (49.9%)
History of Any Alcohol- | 182 (29.9%) 86(14.1%)
Related Problem
Report of Psychiatric 245 (40.2%) 91(50.0%) 154 (36.1%) 112(18.4%) 23(26.7%) 89 (17.0%)

Comorbidity

“Type of Psychiatric Psychotic Disorder 45 (18.4%) Psychotic Disorder 17 (18.7%) Psychotic Disorder 28 (18.2%) Psychotic Disorder 14 (12.5%) Psychotic Disorder 4 (17.4%) Psychotic Disorder 10 (11.2%)

Comorbidity Affective Disorder 70 (28.6%)  Affective Disorder 19 (20.9%) | Affective Disorder 51 (33.1%) Affective Disorder 44 (39.3%) Affective Disorder 8 (34.8%) Affective Disorder 36 (40.4%)
Personality Disorder 46 Personality Disorder 25 Personality Disorder 21 (13.7%)  Personality Disorder 14 (125%) | Personality Disorder 4 (17.4%)  Personality Disorder 10 (11.2%)
(18.8%) (27.5%)
Anxiety Disorder 47 (19.2%) Anxiety Disorder 16 (17.6%) Anxiety Disorder 31 (20.1%) Anxiety Disorder 20 (17.9%) Anxiety Disorder 5 (21.7%) Anxiety Disorder 15 (16.9%)
Others 37 (15.1%) Others 14 (15.4%) Others 23 (14.9%) Others 20 (17.9%) Others 2 (8.7%) Others 18 (20.2%)

Report of other drug use- | 276 (45.3%) 134 (73.6%) 142 (33.3%) 153 (25.19%) 46 (53.5%) 107 (20.5%)

related disorders

Types of other drug use Tobacco Use Disorders 169 Tobacco Use Disorders 77 Tobacco Use Disorders 92 Tobacco Use Disorders 122 Tobacco Use Disorders 36 Tobacco Use Disorders 86
(61.2%) (57.5%) (64.8%) (79.7%) (78.3%) (80.4%)
Cannabis Use Disorders 16 ‘Cannabis Use Disorders 3 ‘Cannabis Use Disorders 13 Cannabis Use Disorders 12 Cannabis Use Disorders 4 (8.7%)  Cannabis Use Disorders 8
(5.8%) (2.2%) 9.2%) (7.8%) (7.5%)
Cocaine Use Disorders 17 Cocaine Use Disorders 12 Cocaine Use Disorders 5 (3.5%)  Benzodiazepine Use Disorders 6 Benzodiazepine Use Disorders 1 Benzodiazepine Use Disorders
(6.2%) (9.0%) (3.9%) (22%) 5(4.7%)
Benzodiazepine Use Disorders  Benzodiazepine Use Disorders | Benzodiazepine Use Disorders8 | Amphetamine Use Disorders2  Polysubstance Use Disorders 5 Amphetamine Use Disorders 2
14(5.1%) 6(4.5%) (5.6%) (1.3%) (10.9%) (1.9%)
Amphetamine Use Disorders 6 Amphetamine Use Disorders 3 Amphetamine Use Disorders 3 Opioid Use Disorders 1 (0.7%) Opioid Use Disorders 1 (0.9%)
(22%) (2.2%) (2.1%)
Polysubstance Use Disorders  Polysubstance Use Disorders  Polysubstance Use Disorders 19 Polysubstance Use Disorders 10 Polysubstance Use Disorders 5
51(18.5%) 32(23.9%) (13.4%) (6.5%) (47%)
Others 3 (1.1%) Others 1(0.7%) Others 2 (1.4%)

Report of Organic 470 (77.2%) 144 (79.1%) 326 (76.3%) 378 (62.1%) 57(66.3%) 321(61.4%)

Comorbidity

Data are reported as mean (M) with standard deviation (SD) for continuous variables or percentages (%) with counts for categorical variables unless otherwise specifid. Lower levels of Triage
imply higher acuity/clinical severity. ED, Emergency Department; ED FUs, Emergency Department Frequent Users; ARPs, Alcohol-Related Problems. Study period: from 1 December 2018 to
30 November 2019,
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Life

expectancy
Green
taxation
Public
health
expenditures
Gross
regional
productivity
Employment
level
Inflation
Individual
income
Natural
disasters
Population

aging

Observations

570

570

570

570

570

570

570

570

570

Me:

01494

64134

63920

100610

6.0083

46250

103283

52040

32749

0.0262

7.247

0.9895

0.9666

0.8637

0.0072

03282

16181

24981

Min

01094

01430

45246

7.3450

3.6082

4.6062

97577

~0.6931

00175

02247

40.9608

149536

11.7685

7.6549

46415
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7.8035
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\ELELIES

All

Gender

Residence

Health

insurance

Education

Chronic

disease

Type of
chronic

diseases

Region

Male

Female

Rural

Urban

Basic health insurance
Other health insurance
No health insurance
Iliterate

Did not Finish Primary School
Elementary School
Middle School

Above middle School

Yes

No

Hypertension
Dyslipidemia

Diabetes

Malignancy

Chronic lung discase
Liver disease

Heart attack

Stroke

Kidney disease

Stomach or digestive disorders
Emotional and mental problems
Memory-related disorders
Arthritis or rheumatism
Asthma

Eastern areas

Central areas

‘Western areas.

Northeast areas

2254
1016
1238
1270
984
2,160
56
38
715
466
536
319
28
2,158
9%
1275
774
498
19
650
239
883
a8
398
953

230
1184
309
452
688
972

142

Total costs

Mean
251883
273260
234339
212260
3030.21
252381
263330
2067.08
21498
27440
2649.88
2904.80
3150.87
255534
1698.11
2634.67
275927
299228
7625.51
2707.67
341936
268592
2747.68
331955
239387
2801.08
2801.47
228707
257447
313866
236,61
2359.10

3006.60

SD
498029
5989.91
3958.17
3994.98
5981.67
5028.40
311887
4497.47
3880.58
4755.27
442920
701935
615227
5049.16
294465
5282.26
597168
5170.46
1348041
4709.12
8766.98
5838.91
417931
778001
4285.55
573731
5343.23
411011
4907.72
5263.93
438082
4296.66

922052

OOP of inpatient

Mean
119924
120182
19713
n411
127426
120534
948.35
122250
110289
116338
130026
n79.41
137253
121324
88445
124289
125703
1336.91
3581.88
124030
148633
121985
1314.29
142392
17867
1481.02
120862
12290
1090.42
1603.45
952,13
115636

140338

SD
242875
252222
235030
245091
239901
2449.78
1307.35
252241
2195.13
270476
230033
2544.56
2643.37
2448.36
191951
2487.22
2642.68
2505.55
5270.70
228936
2989.25
2457.80
2458.05
279601
234532
298447
2257.19
212073
2004.03
2869.47
1783.25
2478.90

3038.38

Burden
Mean
050
048
051
053
046
050
041
079
053
053
050
043
044
050
050
050
049
047
053
049
053
048
048
047
051
047
047
051
047
053
048
050

049

028
028
028
029
027
028
031
035
029
027
027
026
029
028
029
028
028
027
029
029
029
028
028
027
028
028
029
029
028
028
028
029

026
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Variable Variable definition and assignment

Hospitalizational | Measured by asking “What was the out-of-pocket medical cost

costs for all the inpatient care you received du

g the past year?

Hospitalizational
“The ratio of out-of-pocket medical costs to total costs.

burden
Residence 0 for Rural; 1 for Urban
Gender 0 for Males 1 for Female

Basic health insurance No health
Health insurance insurance s the

Other health insurance "

baseline

“0"is Under primary school education; *1” refers to those

Education who have received elementary school; *2” s the Middle

school education; “3” is a Above middle school.
Chronic disease 0 for no; 1 for yes

Hypertension

Dyslipidemia

Diabetes

Malignancy

Chronic lung disease

Liver disease

Type of chronic | Heartattack
0 for no; 1 for yes
diseases Stroke

Kidney disease
Stomach or digestive disorders
Emotional and mental problems
Memory-related disorders
Arthritis or rheumatism
Asthma
Central areas
Eastern areas are
Region Western areas
the baseline

Northeast areas

‘The people wholive with the interviewee and the intes

wee

Family size j

tly form a Household member and share the household

income and expenscs.

Unmarried, divorced (separated as a spouse, divorced,

Marital status
widowed) is “0." married is “1"

Ethnic 0 for Other; 1 for Han
General hospital

Type ofhealth | Specialized hospital Chinese Medicine

e Hospital s the
service facility | Township Hospital i
baseline
Other
Received ‘The distance from the interviewer's home to the last
distance outpatient medical facility
Smoke 0 for Never smoke; 1 for Now or have smoked

0 for Haven't drunk alcohol in the past year; 1 for Have drunk
Alcoholic
alcohol in the past year

0 for interviewees who participated in or reccive benelits; 1
Pension
for interviewees who not participated in or receive benefits
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References Findings

Wang and Tang (26) “The study examined the impact of air pollution and environmental levies on individual well-being and life expectancy. Using the CSS (China
Social Survey) and addressing endogeneity problems, researchers discovered that air pollution can affect citizens well-being and that green

taxes can not only increase residents’ well-being but also reduce the negative impact of air pollution on their well-being.

Arltové and Kot (27) ‘The authors researched the relationship between green taxation and environmental quality in OECD nations, and their findings showed that

more taxation leads to improved quality, which ultimately enhances wellbeing and life expectancy.

Soku etal. (25) ‘The findings discovered that green taxes reduce carbon emissions and, as a result, improve lives and overalllfe expectancy.

Zhangetal. (5) “The research shows that environmental and green taxes could promote health outcomes and subsequently enhance life expectancy.

Wang et al. (29) ‘The authors discovered that green taxes significantly reduce environmentally destructive activities and, hence, improve life expectancy in
BRICS countries.

Anwaretal. (30) ‘The study evaluated the impact of health spending on life expectancy in OECD countries. The findings discovered that health spending has a

positive impact on lfe expectancy in the examined countries.

Awoyemi etal. (31) “This study investigated the effect of government health spending on lfe expectancy and death rates in Nigeria. According to the study,
increased government health spending increases lfe expectancy and lowers the death rate.

Abmad etal. (32) ‘The rescarchers discussed the impact of health spending on life expectancy in South Asian countries, as well s the function of health
spending in moderating the relationship between industrialization, income disparity, and life expectancy. The findings demonstrated that

health spending had a considerable impact on life expectancy in Southeast Asian countries.

Zhang etal. (5) “This study explored the nexus between environmen

related governance, public health spending, and economic growth. The findings
suggested that higher pollution can significantly reduce health and economic growth. Moreover, green or environmental taxes could improve
health and life expectancy.

Lopreite etal. (16) By conducting a bibliographic analysis, the authors explored that an increase in health spending is required to meet the aging requirement
and access to healthcare services.

Lopreite and Zhu (15) ‘The authors examined the relationships between aging, lfe expectancy; health expenditure, and economic growth. The study compared the
US and China, and the findings suggested that effective policies (economic, social, and health) are needed to improve the quality of life and

achieve sustainable growth.

Behera and Dash (33) ‘The authors exan
that health expenditure has a positi

ned the impact of health expenditures on achi

& healtheare goals in Southeast Asian countries. The results enlightened

impact on the improvement in life expectancy.

Behera and Dash (34) ‘The paper studied the impact of macro-level iscal policies on health financing in lower-middle-income countries, The findings suggested a
positive impact of tax revenue on public health expenditures in the sample countries.
Lopreite and Mauro (22) ‘The study investigated the relationship between demographic changes and health expenditures, and the results found that expenditures on

health have a more pronounced impact on aging as compared to life expectancy; particularly in Ialy.
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Bismarck

model

Austria
Belgium
Colombia
Costa Rica
France
Germany
Israel

Japan

Korea, Rep.
Lithuania
Luxembourg
Netherlands

Switzerland

Turkiye
Mean
Median

Std. Dev

0131

0396+

-033

0279

~0331%

0.083

~0295

0.063*

~0.159

07275

03817

~0.066

0,885

0596+

0.169

0.107

0393

Beveridge
model

Australia
Canada
Denmark
Finland
Greece
Teeland
Ireland
Italy
Latvia
New Zealand
Norway
Portugal
Spain
Sweden
United Kingdom
Mean
Median

Std. Dev

~0.581%%
0.108
~0.022
0,019
0572+
0.28%%
0.076
~0.057
0733
0,663+
0112
0591
039475+
01765+
0.292%%
0224
0176

0341

*, %%, %+ Denote statistical significance at the 10, 5 and 1% levels, respectively.

System in

Private health transition
insurance (former
model Semaschko
model)
Mexico ~0211 Crechia
Chile 0.203 Estonia
United States 0.128%5% Hungary
Poland
Slovak Republic
Slovenia
Mean 0,040 Mean
Median 0,128 Median
Std. Dev 0221 Std. Dev

0366

05697+

0487+

0466+

0.259%++

0607+

0459

0477

0129
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Variable

LGCF 0.7476%+* 0.7056%+* 0.7130%%*
(0.0223) (0.0211) (0.0249)
LL ~0.1827%* —0.6179%* 04651+
(0.0811) (0.0469) (0.0051)
LH 0.1021%%% 0.2228%%% 03556+
(0.0304) (0.0158) (0.0067)
‘The HLGL Holds Yes Yes Yes

*, %%, *+*Denote statistical significance at the 10, 5 and 1% levels, respectively.
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Variable CCEMG

RDL AMG

LGCF 0.6316+%+ 0.5915%%+ 0.5159%++

(0.1748) (0.0599) (0.0318)
LL 2,6963%% —0.3440%% ~0.01851%++

(1.3500) (0.1162) (0.0732)
LH 06000 0.3744%%% 0.2261%++

(0.2916) (0.1220) (0.0552)
‘The HLGL Holds Yes Yes Yes

#, %%, ***Denote statistical significance at the 10, 5 and 1% levels, respectively.
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Variance ratio ~ 168457

**Denote statistical significance at the 5% level. The null hypothesis is no cointegration.
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Ly ~1544
LGCF -1.751
LL ~2.006
LH ~1870 —3.505%

*, **Denote statistcal significance at the 5 and 1% level, espectivly. The null hypothesis is
non-stationarity.
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Project p value

Return 0.082 3 0027 51363 0.019
Residual 0.001 2 0.001
Total 0.083 5

The analysis results indicate that the model passes the F-test (F = 51.363, P = 0.019 < 0.05),
which means that the model construction is meaningful.
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Dependent Model—1
variable = life

expectancy Ordinary least square (OLS)
Province-year panel dataset
Coefficients t-stats

Green taxation -00012 (~075)

Gross regional productivity ~0.0356 (=9.00)%+

Employment level 0.0367 (9932

Inflation 0.0013 (257)***

Individual income 0.0221 (5.20)***

Natural disasters —0.0021 (=2.50)%*

Population aging 0.0005 (1.48)

Constant —0.0483 (~0.74)

Number of observations 570

F-Stats 3050

Prob.> F 0.000

Resquared 02753

Adj. R-squared 0.2662

#4p<00l.
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LE GT GRP EMP INF 1l ND PA
LE 1.000
GT 0155 1000
PHE 0.064 0304 1.000
GRP 0177 0483 0603 1000
EMP 0113 0444 0597 0677 1000
INF —0.082 0091 0003 0049 0102 1.000
1 0.164 0201 0457 0504 0462 —0.091 1.000
ND —0397 0105 0049 0346 0356 0.136 —0453 1.000
PA 0.102 0037 0008 —0073 —0.024 —0021 —0023 0.108 1000

LE, life expectancy: GT, green taxations PHE, public health expenditures; GRR, gross regional product; EMP, employment level; I, inflation I, individual income; ND, natural disaster; PA,
population aging.
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VIF 1VIF

Rural For reference
Residence
Urban 136 0737626
Male For reference
Gender
Female 249 0.401392
No health insurance For reference
Basic health insurance 247 0405459
Other health insurance 251 0397931
Education 139 072
Chronic discase 120 083
Hypertension 120 083
Dyslipidemia 126 050
Diabetes L3 038
Malignancy 103 097
Chronic lung disease 138 072
Liver discase 107 091
Pl eartattack 118 085
chronic
. Stroke L1 090
discases
Kidney disease L 090
Stomach or digestive disorders L6 036
Emotional and mental problems 108 093
Memory-related disorders L 038
Anthritis or theumatism L19 0384
Asthma 134 074
Eastern areas For reference
Central areas 180 056
Region
Western areas 191 052
Northeast arcas 129 078
Family size 137 073
Marital | Married L42 070
status Other For reference
Ethnic  Han For reference
Other 106 091
General hospital 271 037
Typeof | Specialized hospital 176 057
health
) Chinese Medicine Hospital For reference
service
fucilty | Township Hospial 222 0.5
Other 126 050
Received distance Lo 096
Now or have smoked 224 0.5
Smoke
Never smoke For reference
Have drunkalcohol in the past year L6 036

Alcoholic  Haven't drunk alcohol in the past

year
Yes 156 064
Pension
No For reference

Mean VIF 149
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Variable

Ly 760 10,174 0741 8,077 11,725
LGCF 760 25,052 1592 21,372 28,989
LL 760 15,636 1,488 12,040 18934

LH 760 7.834 0621 6227 9,139
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Year\project 18 2019 2021 2022 2023
Mortality rate 167 181 154 157 155 182

Incidence 55689 7172 40514 4402 47045 1359.86
Proportion of funding investment 1217 1804 12414 13601 14436 168.98
Proportion of number of professional and technical personnel 1003 999 1027 119 1197 1176

Data source: summary of mortality, morbidity and other data indicators above.





OPS/images/fpubh-12-1437304/fpubh-12-1437304-t001.jpg
GDP

Gross Capital

Formation
Labor Force

Health
Expenditure

Description
GDP per capita, deflated to 2010 USD

Gross Capital Formation, deflated with
2010 USD

Labor Force

Health Expenditure per Capita,
deflated to 2010 USD
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201 2020 2021 2023 EET

fans 14 14 145 158 169 166 Ten thousand

Year\project

Number of techs

Proportion of technical personnel 1003 9.99 1027 119 1197 1176 1100,000 people

Data source: The data description of prevention and control technicians mentioned above (23-25).
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Year\project 2018 2019 2020 2021 2022 2023 Remark
Prevention and control funds 1698177 16525.61 17525.61 19212.1 2037958 2382001 RMB million

Proportion of prevention and control funds 1217 11804 12414 136,01 14436 16898 10000RMB/100,000 people

Data sources: China Ministry of Finance and China National Center for Disease Control and Prevention websites (31-36)
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Years\ 2018 2021 2022

Project

Incidence 55689 | 73172 40514 4402 | 47045
rate/100,000
Death 167 181 154 157 155
rate/100,000

1359.86

182

Data source: Chinese Health Commission and Chinese National Administration of Disease

Control and Prevention website (23-2).
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Disease nam: Number of cases Death toll

2020 2021 2022 2023 2018 2019 2020 2021 2022

Influenza 765186 | 3538213 1145278 668246 | 2442797 12515250 153 269 70 4 13 81
Mumps 259071 | 299961 | 129,120 | 119955 | 104016 | 89,642 1

Rubella 3930 3259 2201 840 784 2,118 1

Acute hemorrhagic 38250 41439 28471 28350 26097 | 197.041

conjunctivitis

Leprosy 225 233 200 180 143 372

Typhus 971 1173 1,069 1310 1,291 1,665

Kala azar 160 151 202 230 226 544 1 1 4
Hydatid disease 4327 4003 3327 2799 2341 3724 2 1 1

Filariasis 1 42950

Other infectious diarrhea  1,282270 | 1,335,627 | 1,062277 | 1329790 | 959,636  LI28115 15 13 9 6 6

diseases

Hand foot and mouth 2353310 1918830 761355 1354548 672911 | 1680376 35 20 3 fl 6 1
disease

Total 4707700 7,072,169 3,133,500 3506249 4210242 15661797 203 304 85 19 27 86

Unit: individual. Data source: Chinese Health Commis

ion and Chinese National Administration of Disease Control and Prevention website (23-25).
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Project\year Number of cases Population in Incidence Death

in million million rate/100,000 rate/100,000
2018 4708 203 1395.38 33738 0.0146
2019 7172 304 1400.05 51228 0.021
2020 313 85 141177 22195 0.0061
2021 3.506 19 14126 24822 0.0013
2022 421 27 141175 29823 0.0019
2023 15.6618 86 1409.67 111103 0.006

Data source: Chinese Health Commission and Chinese National Admi

istration of Disease Control and Prevention website (23-25).
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Total budget from cost of insulin NBI Total budget from costs of insulin  NBI THB (USD)

THB (USD) THB (USD) and severe hypoglycemia
THB (USD)
Scenario 1 Scenario 2 Scenario 1 Scenario 2
NPH only NPH + IGlar NPH only NPH + IGlar
1 42201,022 71,258,041 29,057,019 763,041,784 725,781,452 ~37,260,331
(1,221,801) (2,063,059) (841,257) (22,091,540) (21,012.781) (=1,078,759)
2 58,923,562 140,065,818 81,142,256 1,065,404,053 961,353,899 ~104,050,154
(1,705,951) (4,055,177) (2,349.226) (30,845,514) (27,833,060) (=3,012,454)
3 74927,544 229,698,989 154,771,445 1354773972 1,156,307,803 ~198,466,169
(2,169,298) (6,650,231) (4,480,934) (39.223,334) (33.477,354) (=5,745,981)
4 90,243,842 338,789,199 248,545,357 1,631,709,816 1,312,995,695 -318,714,121
(2612,734) (9,808,604) (7,195,870) (47,241,164) (38,013,772) (-9,227,392)
5 104,902,007 466,047,242 361,145,235 1,896,745,869 1433,642927 ~463,102,941
(3037,117) (13,492,972) (10,455,855 (54,914.472) (41,506,744) (~13,407,728)
Average 74,239,595 249,171,858 174,932,262 1342,335,09 1,118,016355 ~224318,743
(2,149,380) (7,214,009) (5,064,628) (38,863,205) (32,368,742) (-6,494,463)

(Glar insulin glargine; NBI, net budget impact; NPH, isophane protamine insulin; THB, Thai baht; USD, US dollar.
'Net budget impact = Total budget (scenario 2) - Total budget (scenario 1)
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Project/year Number of cases Population in Incidence Death

in million million rate/100,000 rate/100,000
2018 3.063 23,174 1395.38 21951 1.66
2019 3.072 24981 1400.05 21944 178
2020 258 21,655 141177 183.19 153
2021 2712 22177 1412.60 191.98 157
2022 2431 21,834 141175 17222 155
2023 35078 25,525 1409.67 24883 181

Data source: Chinese Health Commission and Chinese National Administration of Disease Control and Prevention website (23-25).






OPS/images/fpubh-12-1415908/fpubh-12-1415908-t001.jpg
Variable

Number of type-2 diabetes cases

Mortality rate of type-2 diabetes

Mortality rate of Thai population at the age of 60 years

Hazard ratio of mortality rate from severe hypoglycemia

(insulin users vs. non-insulin users)
Prevalence of severe hypoglycemia

Risk reduction of severe hypoglycemia by insulin
glargine compared with NPH insulin

Cost of insulin glargine (THB per unit)
Cost of NPH insulin (THB per unit)
Cost of severe hypoglycemia THB (USD)
NPH, isophane protamine insulin; THB, Thai baht; USD, US dollar.

Value
3022674
25%
12%
36

15%

46%

083
019

29,119 (843.06)

Reference

Public Health Statistics (9)
Department of Disease Control ()
Public Health Statistics (9)

Akirov A, etal. (10)

Zammitt NN, etal. (1)

Rosenstock , et al. (12)

Industry
Drug and Medical Supply Information Center (13)

Permsuwan U, etal. (14)
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= NBI (IGlar uptake 20%, no SH cost)

= NBI (IGlar uptake 20%with SH cost)
wNBI (IGlar uptake 100%, no SH cost)
wNBI (IGlar uptake 100%, with SH cost) | (24,50,856) | (34,22,030)

2,00,00,000

1,50,00,000
1,00,00,000
50,00,000 I
0 ..!-'_.l_. . _'vl
-50,00,000 l l' -
L0 e Year2 Year3 Year 4 Year 5 Average
1429845 | 3992868 | 76,16031 | 12230480 | 1,77.71,322 | 86,08,109
490,171 | -13,68812 | 26,10,884 | 41,92,782 | -60,92.262 | -29,50,982
7149224 | 982,169 | 12693384 | 1,52,88,100 | 1,77,71,322 | 1,25,76,840
(351473) | (52,40978) | (60.92.262) | (43,11,520)

®NBI (IGlar uptake 20%, no SH cost)
& NBI (IGlar uptake 100%, no SH cost)

BNBI (IGlar uptake 20%,with SH cost)
mNBI (IGlar uptake 100%, with SH cost)
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Total budget (USD)

Total budget (USD)

1,40,00,000

1,20,00,000

1,00,00,000

,55,855
96,37,520 95,49,033
,94,838
80.00,000 7579016 68,223 199,653
73,064
60.00,000 5428087
06,285
40,00,000 o
126,12,7]
7050 21,69,24 21,49,31

20,00.000 155y, s

. wll NN CEE DN DEN ONE

1,34,92,972

1,16,07,572

Year 1 Year 2 Year 3 Year 4 Year 5 Average

® Scenario 1 NPH insulin 100% ®Scenario 2 IGlar insulin 100% ®Net budget impact (USD)

6,00,00,000

5,00,00,000

4,00,00,000

5,49,14,472

3,845,514

(1,00,00,000) (53,93,794)

(2.00,00,000)

® Scenario 1 NPH insulin 100%

47241164
5.06,744
39223334 3,88,63,205
106924
08,45, 6.46,700 74,499
3.00,00,000
22091540 po14270
2,00,00,000 97,745
1,00,00,000 I

Y:‘m Y:‘m stl Year Averaj

(75,31,135) (95,75,634) (i1, (94,88,706)
1354, (1,34,07,728)

®Scenario 2 IGlar insulin 100% & Net budget impact (USD)
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Step!: Eligible population : patients with type 2 diabetes and severe hypoglycemia

¥

Step2: Time horizon : 5 years

¥

Step3 : Treatment mix
Scenario 1 1Glar was NOT introduced. Scenario 2 IGlar was introduced.

NPH insulin use 100% NPH insulin x% versus IGlar (100-x)%

O

Step 4 : Treatment and complication costs

Scenario 1 NPH insulin only Scenario 2 NPH insulin and IGlar
~Cost of NPH insulin ~Cost of NPH insulin and IGlar
~Cost of severe hypoglycemia ~Cost of severe hypoglycemia

¥

Steps: Data analysis

Net budget impact = total budget from scenario 2 — total budget from scenario 1
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Pesaran — Blomquist —

Yamagata Westerlund
A 21951% 16281%
Aadj 25.346* 18.800%

“Denote statistical significance at the 1% level In both tests the null hypothesis i slope
coefficients are homogenous.
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LM Test 1842%
CD Test 28.05%
Bias Adjusted LM Test 58.59¢

*Denote statistical significance at the 1% level. The null hypothesis is no cross-sectional
dependence.
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Project

Unstandardized

coefficient

Standard error

Constant 1576
Incidence 0.001
Funding investment ratio ~0012
Proportion of number of professional and onz

technical personnel
®

Adjustmentr®

¥

D-W value

Parameter settings, dependent variable Y is: mortality rate, p < 0.05 p < 0.01.

0182

0.003

0.044

Standardized

coefficient
beta
- 8.654
1831 8533
-1.767 —4.347
0.805 268

0.987
0.968
F(32)=51.363, p = 0.019
3.026

0013*
0013*
0.049%

0.116

Collinearity
diagnosis

VIF

7.185

25972

14077

Tolerance

0139
0039

0071
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Variables BA DA TA LS

Indirect Indirect Indirect Indirect
effect effect effect effect
D 0.000008% | ~0.000027%%  ~0.000018* 0.000020+* <0.000001 00000209 0.000023%% | ~0.000043*% | ~0000020 0000023%*  ~0.000059%** | ~0.000037*
(1.854) (-2.672) (~1.691) (2394) (0.194) (2345) (2.978) (-2.743) (~1.104) (2.414) (-3.062) (-1.707)
MMR ~0001629°F | 0.006460%FF  0.004831%+* ~0001038 | 0.009876** | 0.008838%** ~0.000660 001145955 0.010799%+* ~0.001936 001270445 | 0.010767%%*
(-2.140) (4.100) (2:675) (~0.980) (5.670) (4.223) (-0.655) (5.947) (4.835) (-1.384) (4610) (3.449)
RBLW25 —0018831 | ~0.063129%%F  —0.081960%%* | 0019901 ~0.000265 ~0020165 ~0.000817 ~0.000030 ~0.000847 ~0.015343 0.000191 ~0015152
(-1.309) (-2:653) (-2.988) (-1010) (-0.151) (~1.000) (<0.044) (<0.028) (-0.045) (-0.593) 0.104) (-0.592)
PM 0.011546* 0.000602 0.012148* 0.006142 0.000006 0.006148 ~0.003337 ~0.000017 ~0.003354 0.002197 ~0.000076 0002121
any (0.649) 9 (0.634) (0.008) (0.632) (-0.351) (<0.032) (-0353) 0.177) (-0.102) ©174)
GHE 0.000225%++ 0.000013 0.000238*++ 0.000062 0.000001 0.000063 ~0.000023 <0.000001 ~0.000023 ~0.000078 0.000002 0000076
@757) 0.759) (2.684) (0.558) (0.147) (0.558) (-0.216) 0.079) (-0.210) (-0.522) ©219) (~0514)
OPPE ~0.000108 0.000111 0.000003 0.000064 <0.000001 0.000064 0.000246%* <0.000001 0.000246% 0000276+ ~0.000005 0.000272%%
(~1.453) (1.264) (0.025) (0.631) (0.049) (0.625) (@561) (0.004) (2.566) (2.057) (~0250) (2051)
PCHE ~0000045%"* | —0.000003  —-0000048*** | —-0.000109* | >-0000001 = -0.000111*** | -0.000098***  <-0.000001  —0.000099%%*  —~0000129%+* 0.000002 0000127+
(-3.922) (<0.794) (-3.684) (-6.942) (-0.195) (-6344) (-6.536) (-0.054) (~5.966) (-6.169) 0242) (=5.679)
NI ~0.000006 ~0.000000 ~0.000007 0.000001 <0.000001 0.000001 ~0.000013 >-0.000001 ~0.000013 ~0.000012 <0.000001 0000011
(-0.779) (~0.426) (-0772) (0.091) (0.121) (0.097) (-1.229) (=0.027) (-1214) (-0.797) (0.185) (-0.792)
NCS ~0000027%% | -0.000001  —~0000028%** | —-0.000039*** | >—0000001 = -0000039%** | —-0.000041***  >-0000001 | -0.000041"F  —0000049%%  <0.000001  —~0.000049%*
(-2.953) (-0.737) (-2.901) (-3.179) (-0.198) (=3.106) (-3518) (-0.023) (-3.465) (-3.005) (0233) (-2949)
PCGDP 0.000001 <0.000001 0.000001 <0.000001 <0.000001 <0.000001 <0.000001 ~0.000002* ~0.000002 >-0.000001 <0.000001 >-0.000001
431 (0.636) a1 (0.059) (0.042) (0.061) (©.181) (-1.983) (-1.568) (-0.012) ©047) (~0.009)
URDI ~0.000003 >=0.000001 ~0.000003 ~0000004 | >-0000001 = 0000004 ~0000005* | >-0000001 | -0.000005* ~0.000007* <0.000001 ~0.000006*
(~1.554) (~0.629) (=1545) (=1.581) (~0.149) {=1.578) (~1.876) (~0.028) (~1.864) (~1.867) (0.240) (~1.860)
ENI 0.000002 <0.000001 0.000002 0.000007 <0.000001 0.000007 0.000002 <0.000001 0.000002 <0.000001 >=0.000001 <0.000001
(0.562) (0.353) (0.563) (1396) (0.143) 1.391) (0.452) 0.037) (0454) (0.045) (-0.013) (0.045)
GL 0.110733%% 0.006293 01170267 01197143 0.001798 01215129 0.170212%%% 0.000219 017043255 0171661+ ~0.002502 0.169159*
(3516) (0.807) (3.440) (2028) 0.227) (1.995) (3.130) (0.023) a7 (2576) (~0230) (2550)
UL 0017000+ 0.000955 00179557 00331725 0.000407 00335797+ 0,039370%* 0.000063 00394335 0.047562++ ~0.000731 0.046831%*
(7.960) (0.822) (7.246) (10761) (0.198) (8:884) (13.085) (0.029) (11.363) (11.814) (-0255) (9.856)

F4p<0.01; ##p<0.05; *p<0.10.
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Variables SEM SDM

1A BA DA A NA
Random Fixed effect Random Fixed effect Random Fixed effect Fixed effect Random Fixed effect
effect effect effect effect
0.000052%+* ~0.000017 0.000009 0.000015 0.000019+ ~0.000040 0.000023+* ~0.000042 0000022+ ~0.000042
" (6664) (-0.611) @o71) (0469 (2421) (<0.930) (3.034) (-1.032) (2421) (-0722)
MMR ~0.003743%% ~0001833* ~0.001649** ~0.001627 ~0001002 0.000698 ~0.000604 0.001411 ~0.001807 ~0.000231
(~5.061) (-1.774) (-2.114) (~1401) (<0.923) (0.444) (-0.585) 0927) (-1261) (~0.109)
BWL2S 0021498 ~0012576 0016970 0.002868 ~0022001 ~0016934 0002826 0.004264 ~0.018107 ~0.023543
(-1522) (-0.922) (-1113) (0.186) (~1.069) (-0.817) (-0.145) (0212) (~0670) (-0.838)
PM 0004410 ~0002472 0.009227 0013274 0.006187 ~0001597 0003258 ~0.011011 0002257 ~0.000090
(-0.612) (~0.339) (1.351) (1.692) (0.618) (~0.149) (-0.333) (-1.022) (0.176) (~0.006)
0.000004 ~0.000005 0000222 0.000104 0.000062 0.000084 0000023 ~0.000016 ~0.000078 ~0.000083
e (0.049) (~0.062) (2:615) (1.236) 0.537) 0.725) (-0.209) (=0.145) (~0.500) (-0.528)
0.000008 ~0.000011 ~0000113 0000201 %% 0.000058 0.000059 0.000240* 0.000233% 0.000269% 0000283+
b (©.114) (-0.174) (=1.521) (-2827) 0.575) (0.601) (2497) (2493) (1.999) @141
~0.000016 ~0000017* ~0.000045%++ ~0.000050++* ~0.000109%+* ~0000120%+* ~0.000098++* ~0.000106++* ~0.000129%* ~0.000136%*
ro (-1633) (-1832) (~4.035) (~4648) (-7.127) (-8.258) (-6740) (-7.592) (-6337) (-6921)
0.000002 0.000003 0000005 0.000002 0.000001 0.000006 ~0000012 ~0.000008 ~0.000011 ~0.000004
M (0335) (0.489) (~0.660) (0.279) (0.135) (0.616) (~1.168) (-0.765) (-0.743) (-0.276)
NCs ~0.000000 0.000000 ~0000027%+% ~0.000026%+* ~0.000040%+* ~0.000043+++ ~0.000042+%% ~0.000044%5% ~0.000051++* ~0.000051*++*
(-0016) ©021) (-2919) (-2970) (-3.198) (-3.655) (-3529) (-3916) (-3.029) (-3225)
~0.000000 ~0.000000 0.000001 0.000001% 0.000000 0.000000 0.000000 0.000000 ~0.000000 0.000000
S (~0.603) (-0318) (1.393) (1.892) 0.032) (0.391) (0.153) (0.374) (~0.040) (0.255)
0.000003* 0.000003 ~0.000003 ~0.000003 0.000004 0.000004 0.000005* 0.000005%* 0.000006* 0.000007*
et (1834) (1643) (-1.326) (~1.604) (1.503) 577) (1.790) (2.085) (1.786) @221)
0.000003 0.000001 0.000002 0.000004 0.000007 0.000008* 0.000002 0.000003 0.000000 ~0.000002
o (0:879) 0521) (0.654) (1.210) (1.402) (1.677) (0.428) (0.600) (0.009) (-0.262)
GL 0092792 0.000000 01255515+ 0.000000 01229545 0.000000 0172930+ 0.000000 01752015 0.000000
(1.536) © (3.772) © (1.995) O (3.074) © (2518) ©
uL ~0.005738"* ~0.002265 0.017756%* 00236545 00332575+ 00332047+ 0.039416%* 0.041260%%* 0.047665%+* 0.053226%+*
(-2359) (~0.884) (5.062) (8.075) 10715) (8.648) (12967) (10793) 11.735) 9870)
Wx*PD ~0000030%+* 0.000090 ~0.000044*+* ~0.000007 ~0.000062%* ~0.000168
(=3.189) (1:339) (-2845) (~0.080) (=3171) (-1370)
Wx*MMR 0.006540°* 0004582 00100727+ oon21eH 0011647 0010754 0013026+ 0015797+
(4.499) (2.246) (5.816) (6.245) (6.028) (3:830) (4907) (4.209)
Wx*BWL25 ~0.054356** ~0.050807*
(~2.461) (~1.768)
Wx*PCGDP ~0.000002* ~0.000003+*
(-1.998) (-2.349)
Hausman test Chi2 (9)=26.14 Prob>chi2=0.026 Chi2 (9)=1.88 Prob>chi2=0.993 Chi2 (9)=2:65 Chi2 (9)= 1.5 Prob>chi2 <0.907 Chi2 (9)=1.19 Prob>chi2 <0.761
Prob>chi2 <0.801
Wald test Nesting SAR assumption:Chi2 Nesting SAR assumption:Chi2 (13)=28.48 Nesting SAR Nesting SAR SAR assumption:Chi2 (13)=37.34
(13)=31.62 Prob>chi2=0.0045 Prob>chi2=0.0123 assumption:Chi2 assumption:Chi2 Prob>chi2=0.0007
Nesting SEM assumption:Chi2 (13)= | Nesting SEM assumption:Chi2 (13)= (13)=58.72Prob >chi2 <0.0001 (13)=48.86Prob > chi2 <0.0001 SEM assumption:Chi2 (13)=
17.95 Prob>chi2=0.2797 Prob>chi2=0.0057 Nesting SEM assumption:Chi2 (13)=27.84 | Nesting SEM assumption:Chi2 (13)=26.36 Prob>d
Prob>chi2=0.0149 Prob>chi2=0.0918
LR test Nesting SAR assumption:Chi2 Nesting SAR assumption:Chi2 (13)=21.95  Nesting SAR assumption:Chi2 (13)=19.92  Nesting SAR assumption:Chi2 (13)=20.25  SAR assumption:Chi2 (13)=28.262
(13)=15.20 Prob>chi2=0.0946 Prob>chi2=0.0797 Prob>chi2=0.0171 Prob>chi2=0,0737 Prob>chi2=0.0011
Nesting SEM assumption:Chi2 Nesting SEM assumption:Chi2 (13)=2397 | Nesting SEM assumption:Chi2 (13)=27.42  Nesting SEM assumption:Chi2 (13)=1923  SEM assumption:Chi2 (13)=17.31
Prob>chi2=0.0314 Prob>chi2=0.0809 Prob>chi2=0,0552 Prob>chi2=0.0854
Rho 0.056039% 0078552 0.003363* 0055919 0.000056** 0014079 0017276 0028693
(1.870) (1.085) (0:853) (0.864) (2001) (0.224) (1869) 0439)
In_phi 2474874+
(8.662)
Lambda ~0.133749* ~0.141853
(~1.685) (-1.442)
lgt_theta ~1219404%%% ~1727356*+* ~1.656658++* —1.472303%%%
(=5.735) (-10.208) (-9.937) (-8.397)
sigma2_e 0.005605%+* 0.004847%%* 0.0070174* 0.005924%%* 0.012690%+* 0.011106%+* 0011523 0.010097%* 0.023030%* 0.020168*+*
(11.043) (11.783) (10.835) (11.806) (11.051) (11.809) (11.086) sy (11.064) 11.810)
Constant L161472%+* ~0.002249 ~0811778%+% —1073332%%% —1.396510%*
(5.284) (-0.012) (-2.999) (-4217) (~4.198)
Observations 279 279 279 279 279 279 279 279 279
R2 0.664 0423 0311 0044 0482 0261 0510 0285 0465 0247
Units 31 31 31 31 31 31 31 31 31

#55p <0.01; **p <0.05; *p <0.10.
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2009

2010

2011

2012

2013

2014

2015

2016

2017

1A

Moran’s |

0204

0240

0174

0.186

0.198

0.086

0.198

0204

0209

#5p<0.05; **4p <001

Z value
2057%%
2419%%
2052%%
21697
2273%%

1159
2240%*
2275%%

2292%%

BA
Moran'’s |
0.163
0.144
0.135
0033
0.146
0172
0213
0.195

0263

Z value
1.806%%
1623
1625
0.605
1551
1732
2072%%
1922%%

2482%%

DA
Moran’s |
0.259
0.269
0255
0227
0242
0128
0110
0175

0223

Z value
2,878+
3,106+
2.967%%%
2544%%
2,887
1605
1423
2072%%

2595%*

TA
Moran's |
0213
0216
0.206
~0010
0176

~0.055

~0.080

Z value
2518+
25845
25185
~0.048
2201%
~0201
~0391
~0.451

~0.800

NA
Moran'’s |
0.159
0.161
0.151
~0.009
0.145
~0.100
~0.145
~0.110

—0.134

Z value
19145
2008+
19247
-0262

1862
~0.600
~0931
~0670

-0875
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Year 2011 2012 2013 2014 2015 2017  Annual average

agglomeration agglomeration
Institutions 1.036 1.039 1.06 1.067 1.059 1.035 1.059 1.061 1.059 1.053
Beds. 1.028 1.024 1.045 1.001 1.004 1.003 1.002 0.998 0.998 1011
Doctors L1111 1.092 1.066 1.038 1.05 1.013 1014 1.032 1.031 1.050
“Technicians 1.088 1073 1070 1.007 1.053 1018 1017 1015 1.021 1.040

Nurses 1091 1074 1069 1017 104 1006 1032 1004 1.008 1038
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Variables Descriptit Unit Type

1A Instituions None Categorical
agglomeration variable

BA Beds agglomeration  None Categorical

variable

DA Doctor None Categorical
gglomeration variable

TA Technicians None Categorical
agglomeration variable

NA Nurses None Categorical
gglomeration variable

D Population per unit | None Categorical
land area variable

MMR ‘The annual number | Persons per 100,000 | Categorical
of female deaths per live births variable
100,000 live births

RBWL25 ‘The annual number | Percent Categorical
of live-born infants variable
weighing less than
2,500g per 100 live
births

PMR ‘The annual number  Per 1,000 births Categorical
of stillbirths and variable
deaths in the first
week of life per
1,000 total births

GHE Annual government | 100,000,000Yuan | Categorical
health expenditures variable

OOPE Out-of-pocket Yuan Categorical
expenditure on variable
health

PCHE Peraapitahealth  Yuan Categorical
expenditures variable

PCGDP Per capita gross Yuan Categorical
domestic product variable

NI “The number of 10,000 persons Categorical
Insured population variable

NCS ‘The number of Persons Categorical
college students. variable

URDI Annual Urban Yuan Categorical
Residents’ variable
Disposable Income

NI Annual Farmers Yuan Categorical
“Net Income variable

GL Geographical Continuous
Location variable

uL Urbanization Level | per cent Categorical

variable





OPS/images/fpubh-12-1369568/fpubh-12-1369568-e011.jpg
x4
ot





OPS/images/fpubh-12-1359902/fpubh-12-1359902-e028.jpg
i





OPS/images/fpubh-12-1384122/fpubh-12-1384122-e065.jpg
Epub





OPS/images/fpubh-12-1351849/fpubh-12-1351849-g002.jpg
Istinion aglomersion Bed sgslomeration Docto agglomernion

-
[

Nuse agglomeration
Technician agglomeration =z





OPS/images/fpubh-12-1369568/fpubh-12-1369568-e010.jpg
X mk





OPS/images/fpubh-12-1359902/fpubh-12-1359902-e027.jpg
£ (ZigiBu)





OPS/images/fpubh-12-1384122/fpubh-12-1384122-e064.jpg
E_Pub





OPS/images/fpubh-12-1351849/fpubh-12-1351849-g001.jpg
Panel dataset from
201002017

Time trends and spatial

Data analysis

distribution pattems analysis

Accept

RUN traditional
econometrics

analysi

End

Obtain the estimates of
determinants of health-care

Determinants of health-care
resource agglomeration analyses

RUN spatial autocorrelation analysis;

RUN OLS —®|_Global Moran’s I and Local Moran’s I test

Spatial dependence exists
RUN LM test
TR > RUN Hausman test

Construct the - l Chose the fixed
spatial weight RUN spatial effect or random
‘matrix based on econometrics [ offect

spatial analysi;
phenomena

RUN SLM/SAR RUN SEM RUN SDM

P

Comparison of three models and
choose the best-fitted regression

RUNLR test and

Wald test

Adop SLM or
SEM

ey

RUN direct

Adopt SDM

/

indirect, and total

resource agglomeration

effect

Diagnostic test






OPS/images/fpubh-12-1369568/fpubh-12-1369568-e009.jpg
X = Xomk +[mﬂx[f[zldbm)]’f[zklbmﬂ

[ (r) ]
k=12,,44m=123,4

©)





OPS/images/fpubh-12-1359902/fpubh-12-1359902-e026.jpg
Bit





OPS/images/fpubh-12-1384122/fpubh-12-1384122-e062.jpg
Eoop





OPS/images/fpubh-12-1351849/fpubh-12-1351849-e006.jpg
Y=pWy+XB+WX0+¢ (g)





OPS/images/fpubh-12-1369568/fpubh-12-1369568-e008.jpg
Suk = S (ZisPm )+ Vonk + bk

®)
k=1,2,-,44m=1,2,3,4





OPS/images/fpubh-12-1359902/fpubh-12-1359902-e025.jpg
Zajt
Ziy =[ 2y

it ]





OPS/images/fpubh-12-1351849/fpubh-12-1351849-e005.jpg
LAWY (5)





OPS/images/fpubh-12-1369568/fpubh-12-1369568-e007.jpg
PAD; [

B \é 1%

]xl()()/n

Jx]OO“/

_Bl4;
Pil Ak

@)





OPS/images/fpubh-12-1359902/fpubh-12-1359902-e024.jpg





OPS/images/fpubh-12-1369568/fpubh-12-1369568-e006.jpg
HRAD; =

: 1R,
R cr00% R
HRy 4

= HRy
A 100% a
A 3

()





OPS/images/fpubh-12-1359902/fpubh-12-1359902-e023.jpg





OPS/images/fpubh-12-1359902/fpubh-12-1359902-e022.jpg
i





OPS/images/fpubh-12-1384122/fpubh-12-1384122-e079.jpg
Eprv





OPS/images/fpubh-12-1351849/fpubh-12-1351849-e003.jpg
y=pWy+X* +¢(3)





OPS/images/fpubh-12-1369568/fpubh-12-1369568-e005.jpg
"
Tinra = 2T
P> ©)





OPS/images/fpubh-12-1351849/fpubh-12-1351849-e002.jpg
CYHIljj= o + BiPD_j + P2MMR _j + BsRBWL2S
+B4PMR_j + PsGHE_j + POOPE _j;
+B7PCHE_j+ NI+ BoNCS_j;
+B1oPCGDP j + BURDI_jj + PioFNI_j

+Pi3GL_jj+ PlaUL_j +¢_j @)





OPS/images/fpubh-12-1369568/fpubh-12-1369568-e004.jpg
Tinter ZP 1ogf @





OPS/images/fpubh-12-1359902/fpubh-12-1359902-e020.jpg
Sﬁn:f(Zm;Bu)wijMu.,\, i=12...,mr=12.. 1;t=2010,2011...2014 3)






OPS/images/fpubh-12-1351849/fpubh-12-1351849-e001.jpg
1,231 =1,2,..5(1)






OPS/images/fpubh-12-1369568/fpubh-12-1369568-e003.jpg
T = Tinter + Timra

3)





OPS/images/fpubh-12-1359902/fpubh-12-1359902-e018.jpg
o0
Rjp =xXjo —min(x;)

Rfp =max(yr)-yro
X2x0,§<yoand A >0.

@)





OPS/images/fpubh-12-1351849/crossmark.jpg
©

2

i

|





OPS/images/fpubh-12-1369568/fpubh-12-1369568-e002.jpg
)





OPS/images/fpubh-12-1359902/fpubh-12-1359902-e017.jpg





OPS/images/fpubh-12-1358730/fpubh-12-1358730-t010.jpg
Dependent Model—2
variable = life

System GMM—moderation

expectancy
Moderating Province-year panel dataset
variable = public

health expenditures Coefficients t-stats
Green taxation 0.0078 (L.70)*
Public health expenditures 00138 (229
Green taxation x public health

axpenditres 0.0009 76*
Gross regional productivity 0.0429 (3.56)%**
Employment level 0.0329 (3.36)%**
Inflation —0.0012 (-3.69)%%*
Individual income 00149 (1.42)
Natural disasters ~0.0039 (-202)%*
Population aging 0.0007 wm*
Constant 00164 0.19)
Number of observations 570

Number of groups 30

Wald chi* 10484

Prob.>chit 0000

Sargan test (p-value) 0999

€£2p<0.01, #p<0.05, “p<0.10.
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Dependent Model—1
variable = life

expectancy System GMM
Province-year panel dataset
Coefficients t-stats

Green taxation 0.0071 (252)7%%

Gross regional productivity 0.0395 (8:52)7*

Employment level 0.0344 (5.62)%%*

Inflation ~0.0005 (~1.66)*

Individual income 0.0257 (443)7%

Natural disasters -0.0012 (<0.95)

Population aging 0.0007 (3.95)%*

Constant 0.0109 (0.25)

Number of observations 570

Number of groups 30

Wald chi* 16204

Prob.>chi® 0.000

Sargan test (p-value) 0.204

#52p<0.01, *p<0.10.
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Dependent Model—2
variable = life

Fixed effect—moderation

expectancy

Moderating Province-year panel dataset
variable = public

health expenditures Coefficients t-stats
Green taxation 00017 (248)7
Public health expenditures 00284 (7.84)+
Green taxation x public health

expenditares 0.0002 (1.63)*
Gross regional productivity 0.0042 (0.68)
Employment level 00319 s
Inflation —0.0522 (-9.29)%5*
Individual income 0.0005 79"
Natural disasters —0.0007 (=111
Population aging 0.0013 (262)***
Constant 02378 (5.39)**
Number of observations 570

Number of groups 30

F-Stats 4805

Prob.> F 0.0000

Resq. (within) 0.4459

Resq. (between) 01231

Resq. (overall) 00303

Hausman test

Chit 158.06

Prob.>Chi 0.0000

¥£2p<0.01, *p<0.10.
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Residence

Gender

Health insurance

Education

Chronic disease

Type of chronic

diseases

Region

Family size

Marital status

Ethnic

“Type of health

service facility

Received distance

Smoke

Alcoholic

Pension

Constant

Rural

Urban

Male

Female

No health insurance
Basic health insurance

Other health insurance

Hypertension
Dyslipidemia

Diabetes

Malignancy

Chronic lung disease

Liver disease

Heart attack

Stroke

Kidney disease

Stomach or digestive disorders
Emotional and mental problems
Arthritis or theumatism
Asthma

Eastern areas

Central areas

Western areas

Northeast areas

Married

Other

Han

Other

General hospital
Specialized hospital
Chinese Medicine Hospital
Township Hospital

Other

Now or have smoked
Never smoke

Have drunk alcohol in the past year
Havenit drunk alcohol in the past year
Yes

No

All

—0.03%*

~0.00

_027
—0.30%++
~001%*
001
0.00
001
~001
004
0.00
005+
000
-002
~0.03*
001
000
0.00

-002

—0.05%++

~0.03%*

~0.00
003+

~002

0.04%
0.04%*

006

~005%*
0107+
000+

~0.03*

002

0107

058

Eastern

~0.03

002

—0.49%++
—0.50%++
0.00
0.06
001
0.00
-0.03
005
~001
0.00
~0.01
0.00
-0.05
~0.01
002
-0.02

-0.02

0.05*

~0.04

002
~0.04

007

~0.10%
003
0.00%*

-0.03

001

015w

067

Central
For reference
~0.03
For reference
~0.03
For reference
—0.23%
~017
~0.02%
002
001
~001
002
006
003
004
000
~0.04
-001
000
000
000
~0.06*
For reference
0
0
0
006+
~0.08+*
For reference
For reference
~001
006
0.10%
For reference
~0.04
012
000
~0.03
For reference
001
For reference
For reference
005

058w

Nol

east

—0.12%

-0.07

025
017
001

-012
001
002

-0.02

-0.10
003
004

-0.08

~0.06

-0.04

-0.03

-0.05
0.00
007

0.10%

~0.06

-0.10
~0.02

~0.06

-0.14
-0.11
0.00%

-0.05

003

001

049

Western

-0.02

002

—0.326%¢
—0a2eer
~001
~0.01
~0.01
003
-0.02
004
-0.02
0.09%%%
-0.01
~0.01
-0.02
001
~0.01
0.00
0.00

001
003

0,07+
0.05*

002

-0.03
0.12%%
0.00

-0.03

0.03%*

013w

052+
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Dependent Model—1
variable = life

expectancy Fixed effect

Province-year panel dataset

Coefficients t-stats
Green taxation 0.0026 47y
Gross regional productivity 0.0227 (452
Employment level 0.0356 (841
Inflation 0.0005 (161)*
Individual income 0.0019 @72y
Natural disasters ~0.0421 (7,697
Population aging 0.0031 (2047
Constant 0.0815 (1.98)**
Number of observations 570
Number of groups 30
F-Stats 1691
Prob.> F 0.000
Resq. (within) 0.3812
Resq. (between) 00773
Resq. (overall) 0.0240

Hausman test
Chi* 5405
Prob. > Chi’ 0.0000

#52p<0.01, *#p<0.05, *p<0.10.
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Residence

Gender
Health insurance

No health insurance

for reference
Education

Chronic disease

“Type of chronic

diseases

Region

Family size

Marital status

Ethnic

Type of health

service facility

Received distance

Smoke

Alcoholic

Pension

Constant

Rural
Urban
Male
Female

Basic health insurance

Other health insurance

Hypertension
Dyslipidemia

Diabetes

Malignancy

Chronic lung disease

Liver disease

Heart attack

Stroke

Kidney disease

Stomach or digestive disorders
Emotional and mental problems
Memory-related disorders
Arthritis or theumatism
Asthma

Eastern areas

Central areas

Western areas

Northeast areas

Married
Other

Han

Other

General hospital
Specialized hospital
Chinese Medicine Hospital
Township Hospital

Other

Now or have smoked
Never smoke

Have drunk alcohol in the past year
Havenit drunk alcohol in the past year
Yes

No

All

0.16+*

-0.12

027
~0.08

0.00
0.20
0.15%%

~0.06
011
0,95+
0,265+
0.26%*
0.00
0.15%
0.09
0.08

~0.06

~0.11

-0.13

—0.41%%*

—0.38%%*

~0.21
0.13*

0.08

0.02
0.20%

0.38%*

_Lozesr
—0.66+%*
0.00%%%

~0.17%

~0.10%*

0.06

5,380

Eastern

0.08

-0417

-102
-115

~004
013
0.01
~003
-024
072%%
0447+
o1
-003
0,67+
-0.10
-006
034
0.08
0.01

~031

0.00
0.00
0.00
022

-021

-0.19
0.00
040

—095%#+
-065
0,007+

~0.40*

0.03

15

748+

Central
For reference
0.28%%
For reference
-0.19

061
077

~0.06
-0.03
0.00
~0.16
0.36+*
163%%%
0.34%%
0.36%
012
0.04
013
0.07
-020
011
-0.04
-0.16
For reference
0.00
0.00
0.00
022
0.00
For reference
For reference
075
0.02
014
For reference
—L18
—140¥
0.00%*
-0.07
For reference
~0.10
For reference
For reference
-0.03

5,147

Northeast

-019

-007

316+
—087

013
~084
047
019
0.56%%
075
-004
0.96%*
-035
-038
-007
-041
L16*
—1.02%
-023

062

0.00
0.00
0.00

~0.10

046

~061
0.07
0.02

~160%*
0.07
0.00%

022

-025

027

347%%

Western

0.20%

~0.07

-0.10

0.00
047
0.20%

-0.03
0.10
0.79%%+
020
013

-0.02
018
013
0.18*

-029

-0.02

-0.23%

-012

0.00
0.00
0.00
008
020

0.00
0.36+*

0.40%

—0.95%%*
-044
0.00%%%

-017

—0.15%*

0.26*

429%%%
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Dependent Model—2
variable = life

Ordinary least square (OLS)

expectancy

Moderating Province-year panel dataset
variable = public

health expenditures Coefficients t-stats
Green taxation 0.0024 (1.57)
Public heath expenditure 0.0034 (1.02)
Green taxation  public heath

expenditure —0.0002 (-1.67)%
Gross regional productivity 00384 (7.78)++*
Employment level 0.0369 sy
Inflation 0.0013 (259)*%
Individual income 0.0211 (4.62)*%
Natural disasters ~0.0024 @73y
Population aging 0.0005 (1.54)
Constant ~0.0490 (=0.74)
Number of observations 570

F-Stats 2116

Prob. > F 0.0000

Resquared 02797

Adj. Resquared 0.2681

€£2p<0.01, *p<0.10.
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Coef. P>t [95% Conf. Interval]
Rural For reference
Residence
Urban 003 001 238 002 ~0.06 001
Male For reference
Gender
Female 000 002 ~0.06 095 ~0.04 003
No health insurance For reference
Health insurance | Basic health insurance 027 004 —6.07 000 036 018
Other health insurance 030 006 523 000 042 019
Education 001 001 2.0 004 —0.02 000
Chronic discase 003 003 035 039 ~0.03 009
Hypertension 000 001 010 092 ~0.03 002
Dyslipidemia 001 001 110 027 ~001 004
Diabetes 001 001 089 037 —0.04 002
Malignancy 004 003 144 0.5 001 009
Chronic lung discase 000 001 000 100 003 003
Liver discase 005 002 259 001 001 009
Typeof chronic | Heartattack 001 001 ~0.97 033 ~0.04 001
diseases. Stroke -0.02 0.02 -1.23 022 -0.05 0.01
Kidney disease ~0.03 002 166 0.10 -006 000
Stomach or digestive disorders 001 001 070 0.9 002 003
Emotional and mental problems —0.04 003 —131 019 ~0.09 002
Memory-related disorders 000 002 —024 031 ~0.04 003
Arthritis or theumatism 001 001 072 047 ~0.03 002
Asthma —0.02 002 ~0.99 032 ~0.06 002
Eastern arcas For reference
Central areas 005 002 284 001 ~0.08 001
Region
Western arcas 004 002 223 003 ~007 000
Northeast areas 000 003 ~0.13 090 -006 005
Family size 003 001 225 001 005 005
Martied —002 002 -130 019 -005 001
Marital status
Other For reference
Ethnic Han For reference
Other 001 002 169 009 —001 008
General hospital 004 002 200 005 0.00 008
Specialized hospital 006 003 225 002 001 0.1
“Type of health
Chinese Medicine Hospital For reference
service facility
“Township Hospital 005 002 —2.00 005 ~009 000
Other 010 001 266 001 003 018
Received distance 000 000 000 357 000 000
Now or have smoked ~0.03 002 183 007 007 000
Smoke
Never smoke For reference
Alcoholic Have drunk alcohol in the past year 002 001 238 002 0.00 001
Haven't drunk alcohol n the past year For reference
Pension Yes For reference
No 010 002 576 000 006 013

Constant 028 0.07 3.96 0.00 014 041
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Residence

Gender

Health insurance

Education

Chronic disease

“Type of chronic

diseases

Region

Marital status

Ethnic

Type of health

service facility

Received distance

Smoke

Alcoholic

Pension

Constant

Rural

Urban

Male

Female

No health insurance
Basic health insurance

Other health insurance

Hypertension
Dyslipidemia

Diabetes

Malignancy

Chronic lung disease

Liver disease

Heartattack

Stroke

Kidney disease

Stomach or digestive disorders.
Emotional and mental problems
Memory-related disorders
Athritis or rheumatism
Asthma

Eastern areas

Central areas

Western areas

Northeast areas

Married

Other

Han

Other

General hospital
Specialized hospital
Chinese Medicine Hospital
“Township Hospital

Other

Now or have smoked

Never smoke

Have drunk alcohol n the past year
Haven't drunk alcohol in the past year
Yes

No

Coef.

016

-0.12

027
~0.08
0.00
020
015

~0.06

095
026
0.26

0.00

009

008
—o11
006
—o11

-013

-041
-038
-021
013
0.08

0.02
020
038

-1.02
~0.66
0.00

-0417

-0.10

0.06
538

0.08

026

033

003

018

007

0.08

0.08

015

009

011

007

0.09

0.09

007

016

012

007

011

013

0.09

014

0.00

010

005

044

P>t

For reference
201
For reference
-L15
For reference
104
-0.24
~0.11
L4
210
-071
127
635

3.00

0.04
167

0.98

-0.70
~0.56
~158
-1L16

For reference
-4.26
-4.16
-136
007
087

For reference

For reference
016
180
245
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Age Correl. coefficient
0

Barthel Correl. coefficient
Sig.

Lawton y Brody Correl. coefficient

ECOG Correl. coeffcient
Sig.

ZARIT Correl. coefficient
Sig.

**The correlation is significant at the 0.01 level (two-way).
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Expenditure situations

Expenditure on orthopedic equipment related to oncological disease

Expenditure on home help related to oncological disease

Expenditure on home adaptation or hospital transfer related to the oncological

disease

Expenditure on necessary third parties related to the oncological disease

Pharmacy expenditure related to oncological discase

No expenditure

Less than 600 euros
From 600 to 1,200 euro
From 1,201 to 1,800 euro
From 1,801 to 2,400 euro
From 2,401 t0 3,000 euro
More than 3,000 euro
No expenditure

Less than 600 euros
From 600 to 1,200 euro
From 1,201 t0 1,800 euro
From 1,801 to 2,400 euro
From 2401 t0 3,000 euro
More than 3,000 euro
No expenditure

Less than 600 euros
From 600 t0 1,200 euro
From 1,201 to 1800 euro
From 1801 to 2,400 euro
From 2,401 t0 3,000 euro
More than 3,000 euro
No expenditure

Less than 600 euros
From 600 t0 1,200 euro
From 1,201 to 1,800 euro
From 1,801 to 2,400 euro
From 2,401 t0 3,000 euro
More than 3,000 euro
No expenditure

Less than 600 euros
From 600 to 1,200 euro
From 1,201 to 1,800 euro
From 1,801 to 2,400 euro
From 2,401 t0 3,000 euro

More than 3,000 euro

quency
38
36
25

£
47

17

20

74

Percentage
35.5%
33.6%
23.4%

3.7%
1.9%
0.9%
0.9%
7%
6.5%

19%

19%
27.1%
43.9%
159%
5.6%
1.9%

0.9%

72%
103%
8.4%
47%
0.9%
0.9%
2.8%
18.7%
69.2%

11.2%

0.9%
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ry expenditure on pharmaceuticals for oncological disease
Extraordinary expenditure on orthopedic equipment for oncological disease

Extraordi

ry expenditure on home help
Extraordinary expenditure on housing adaptation or transfer to a hospital
Amount of annual net household income prior to diagnosis

Amount of annual net household income during the last fiscal year

N
107
107
107
107
107

107

Minimum

0
0
0
0

3,000

2,100

Maximum

2,100
3,300
3,300
3,300

150,000

33,000

Media
31682
18785
140.19
56636

1996262

16785.98

SD
284.998
636.427
533033
769.090

15452.255

8974339
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Variable Frequency Percentage

Gender Man 1 09%
Woman 106 99.1%
Marital status | Single 2 206%
Married 52 186%
Separated 19 17.2%
Widowed 14 13.1%
Level of Primary education 46 4%
education Secondary education 33 30.8%
Higher education 28 262%
Profession  Self-employed 9 84%
Employed by others a7 139%
Not in employment 2 2.4%
Other 2 243%
Stage of Stage | 3 318%
cancer disease | gage 1 38 35.5%
Stage III 18 168%

Stage IV 17 15.9%
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Variable Median (M) Interquartile range

(RIQ)
Age 55 15
Caregiver age 57 16
Months since diagnosis 12 2
Barthel index 100 2
Lawton Brody scale 8 2
ECOG 2 2

ZARIT questionnaire 15 37
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Initial sample
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Breast cancer
Ipatients attending day|
hospital
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-------------- %) Individuals who did |
1 not sign the informed
: t

Participants included

in the study
(N=115)
.............. > Individuals did not
g complete the
v ! questionaires
Final sample

(N=107)
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Statistical indicators 2022
Number of medical Nationwide 283 296 297
institutions per 10,000 people | rural area 07 07 069
difference
213 226 228
Number of beds in medical Nationwide 6237 | 6476 6684
institutions per 10,000 people | rural area 2727 | 844 | 2964
difference

B 3632 372

Number of health technicians  Nationwide 7049 | 7419 | 77.05

per 10,000 people rural area 05 | 2879 | 27
difference
4544 484 5005
Number of practicing Nationwide 2894 | 3035 3141
physicians (including rural area 1932 | 2000 | 2116
assistants) per 10,000 people  difference

962 1026 | 1025

Data source: China National Health Commission's 2020-2022 China Health Care
Development Statistical Bulletin and the above chart calculations.
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Stal

stical indicators

20 2021 2022

Number of beds in medical institutions
nationwide (10,000)

88046 91485 94364

Practicing physicians and (assistant) physicians 4086 4288 4435

Number of diagnosis and treatment visits (100
774 847 842
million)

Number of hospital admissions (10,000 people) | 23,013 | 24726 24,686

Average number of doctor visits per day 755 787 | 756
Physicians’ average daily charge of inpatient
Ve & v & » 1.56 1.59 151
beds
Hospital bed utilization rate (%) 72.50 74.6 71
‘The average length of stay for discharged
e len v ® 85 92 92

patients (days)

Data source: China Health Commission's 2020-2022 China Health Care Development
Statistical Bulletin (38-10).
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Year Effch chcl Pecl Sech  Tfpch
2009-2010 0.797 1424 1028 0776 1135
2010-2011 1048 1004 0.997 1051 1052
2011-2012 0991 1124 0994 0997 L4
2012-2013 1.060 0.961 0999 1061 L1018
2013-2014 1028 0985 1002 1027 Lo12
2014-2015 1037 0.968 0997 1040 1004
2015-2016 099 Lon 1002 0994 1007
2016-2017 1017 1015 0.998 1019 1033
2017-2018 1027 0954 1.003 1024 0980
2018-2019 0991 1032 0999 0991 1023
2019-2020 1009 0891 0997 Lon 0899
2020-2021 1.009 1057 1.002 1007 1067
Mean 0999 1028 1002 0997 1027
Frequency distribution (2009-2010)

>1 12 m 2 7 2

1 3 0 12 5 0
< 29 0 9 2 2
Frequency distribution(2020-2021)

>1 21 ) 15 19 39

1 6 0 20 6 0

<1 17 1 9 19 5
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PAP slack

Coefficient ~ T-value

Variables MHiI slack

Coefficient  T-value
Constant term 553805 397
GDP 001 033
HE -157 -157
PR 056" 226
FTPS ~6208* -170
UR BT -294
GPBR -025 ~064
o 96180.95%* 96173.59
v 068+ 3430
LRvalue 2481555

AB slack
Coefficient T-value
42681%% 203
017 116
[SESTE -341
299+ 271
-31631% -182
~737%% -214
-232 -147
1956769.20%* 1942256.90
076+ 5087
334,120

*, %%, and *** Denote significance at 10, 5, 1% significance levels, respectively.

175.16% 174
018 257
~6.557% -361
138755 281
~15371% -199
-3.26%% -205
—2.04% -282
386615.78%%* 382302.98
0.74%%% 44.87
298.66%F

RN slack
Coefficient  T-value
139.23* 176
012+ 191
3880 -243
116+ 248
—14131% 94
—264+% -208
—L4g* -223
373468854+ 368561.41
0787 57.13
3612875
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Statistical indicators 21 2022

Number of beds in township health centers
(10,000)

139 1417 | 1456

Number of practicing physicians and practicing

(assistant) physicians in rural and township. 52 525 537
health centers (10,000 people)

Number of practicing physicians and practicing

(assistant) physicians in rural village-level health 465 476 502
branches (offices) (10,000 people)

Rural diagnosis and treatment visits (100 million

253 2 249
visits)
Number of admissions to rural and township

33833 3223 3239
health centers (10,000 persons)

“The average number of diagnoses and treatments
performed by doctors at the township and 02 995 | 955

vilage levels in rural areas every day

“The average number of inpatient beds occupied

135 13 127
by doctors in township health centers per day
Hospital bed utilization rate (%) 504 482 469
“The average length of stay for discharged

. v 8 66 66 65

patients (days)

Data source: China Health Commission's 2020-2022 China Health Care Development
Statistical Bulletin (38-40).
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Statistical indicators 20 2021 2022

Number of practicing physicians and practicin
" N B S ase | ass | a3
(assistant) physicians nationwide
Number of practicing physicians and practicing
(assistant) physicians in rural towns and village 985 1001 1039

health institutions

Number of practicing physicians (including
" 8P ¢ * 2894 3035 3141
assistants) per 10,000 people nationwide

Number of practicing (assistant) physicians per
" s Lk 1932 2009 2106
10,000 people in rural areas
Unit: 10,000 people. Data source: China Health Commission's 2020-2022 China Health Care
Development Statistical Bulletin (35-10)
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2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

Chengdu

Economic
Circle

2403
4373
43.60
4249
4537
4801
48.33
47.13
44.48
5471
55,56
6635

70.05

MHI

Chongging
Economic
Circle

75.97
5627
5640
57.51
5463
5199
5167
5287
55.52
45.29
4444
3365

2995

Chengdu
Economic
Circle

1541
2285
2496
2443
2699
28.04
27.39
2478
1890
1554
1267
495

538

AB

Chongging
Economic
Circle

84.59
77.15
75.04
75.57
73.01
7196
7261
75.22
8110
84.46
87.33
95.05

94.62

Chengdu
Economic
Circle

234
27.05
2674
2699
2516
2391
2461
2454
2188
2249
2409
875

9.54

HW

Chongging
Economic
Circle

77.66
7295
73.26
73.01
74.84
76.09
75.39
75.46
78.12
77.51
7591
91.25

90.46

Chengdu
Economic
Circle

28.67
2623
2597
2893
27.71
2522
27.37
2952
2985
2874
3211
1564

1499

PAP

Chongging
Economic
Circle

7133
7377
7403
7107
7229
7478
7263
7048
7015
7126
6789
8436

85.01

Chengdu
Economic
Circle

37.43
35.96
3348
3177
33.08
3044
2970
2925
2633
2645
2667
1332

1182

RN

Chongging
Economic
Circle

62.57
64.04
66.52
68.23
6692
69.56
7030
7075
73.67
7355
7333
86.68

88.18
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Institutions category  Number of health technicians

2020 4= 20214 2022 4

1. Hospital 6775 7115 7353
Among them: public hospitals 5292 5527 5717
Private hospital 1482 1589 1636
2. Community primary medical
b 1847 2017 2124

and health institutions
Among them: community health

444 476 506
service center
Community health service station 14 116 17
Medical nursing station, etc. 1289 1425 1501
3. Rural health and medical

1277 1285 1326
institutions
Among them: rural and township

1277 1285 1326
health centers
4. Professional public health
prevention and supervision 77 764 7
agencies
Where: Centers for Disease

145 158 169
Control and Prevention
Maternal and child health care

518 549 556
institutions, etc.
Health Supervision Institute

64 57 55
(Center)
5. Other institutions 52 63 75
total 10678 1244 1658

Unit: 10,000 people. Data source: China Health Commission's 2020-2022 China Health Care
Development Statistical Bulletin (35-10)
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Theil index Contribution rate of Contribution rate of
intra-region(%) inter-region(%)

MHI AB HW  PAP AB HW  PAP AB HW PAP

2009 00569 | 00272 00237 0025 00614 2963 9953 9465 9879 9966 7037 047 535 121 034

2010 00262 00135 00154 00186 00490 7947 9998 10000 9985 9977 2053 002 000 015 023

2011 00265 00146 00177 = 0019 00497 7664 9971 9963 9895 9999 2336 029 037 105 001

2012 00259 | 00133 00183 00205 00456 7608 9848 9920 9791 | 10000 = 2392 152 080 209 000

2013 00254 | 00125 00182 00204 00420 7592 9938 9867 9734 9997 2408 062 133 266 003

2014 00255 00118 | 0019 00233 00414 7276 9948 9895 9804 9999 2724 052  L0S 196 001

2015 00226 00110 00211 00237 00402 7720 9991 9983 9891 9998 2280 009 017 109 002

2016 00210 | 00104 00213 00231 00361 7717 | 9997 9999 | 9950 9996 2283 003 001 050 004

2017 00216 | 00087 00215 0029 00347 7266 9971 9989 9938 | 10000 2734 029 011 062 000

2018 00184 | 00089 00227 0029 00336 7214 | 9956 9997 9999 | 998 2786 044 003 001 018

2019 00153 | 00085 00245 00235 00348 6499 | 9926 9988 10000 9993 3501 074 012 000 007

2020 00264 | 00089 00161 = 00136 00221 7885 9827 9980 10000 = 9992 2115 173 020 000 008

2021 00246 00087 00174 00141 00220 8230 | 9791 9921 9972 9996 1770 209 079 = 028 004
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Number of medical and health institutions and number of beds

Number of institutions (number) Number of beds (beds)
Institutions category

2020 2021 2022 2020 2021 2022
1. Hospital 35,394 36,570 36976 TA3L186 | 7414228 7,662,929
Public hospital 11,870 11,804 11,746 509055 5207727 5363364
Private hospital 23,524 24766 25,230 2040628 | 2206501 | 2,299,565
Among them: tertiary hospitals 2996 3275 3523 3002503 3230629 | 3445405
Secondary hospital 10,404 10848 11,145 2718106 | 2743079 | 2773482
First class hospital 12252 12649 12815 712732 726,054 732490
2. Professional public health institutions 14492 13,276 12436 296,063 301,566 313,558
Among them: Centers for Disease Control and Prevention 3384 3376 3,386 -
Specialized disease prevention and treatment institutions 1,048 932 856 2323 0611 39,133
Maternal and child health care institutions, etc. 3052 3032 3,031 253,740 260,955 274425
Health Supervision Institute (Center) 2934 3010 2984
Family planning technical service agencies, etc. 4074 292 2219
3. Community primary medical and health institutions 325,446 343,555 358,102 259,059 282366 288,549
Among them: community health service center 9,826 10,122 10,353 225,539 239,139 251453
Community health service station 25,539 26038 26,095 12,804 12581 11,601

ic (nursing station), etc. 290,081 307,395 321,654 20716 30,646 25495
4. Rural Health Center (Room) 644,590 634,235 621,666 1390325 1417410 1455876
Rural and township health centers 35762 34943 33,917 1390325 1417410 1455876
rural dlinic 608,828 599,202 587,749 - -
3,000 3299 3738 24,067 34540 29021
1022922 1030935 1032918 9100700 | 9450110 9,749,933

Data source: China Health Commissions 2020-2022 China Health Care Development Statistical Bulletin (38-40).
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HW PAP

Total /1000 T /1000 Tkm? /1000 Jkm? Total /1000
persons persons persons persons persons
2009 06740 03061 62459 33315 15128 308734 51413 23347 476,453 16736 07600 155099 L1654 05292 107,995
2010 07947 03560 72,659 35068 17055 348056 58630 26267 536,055 18051 05087 165040 13777 06172 125961
2011 08077 03626 74199 42199 L8982 387,638 63070 28310 579351 18975 08518 174306 15785 07085 145,000
2012 08071 03584 7473 48634 21599 448,777 68137 30260 628746 20137 08943 185822 18145 08058 167,438
2013 08421 03774 78,207 53260 23870 94614 73107 32764 678924 21311 09551 197912 20155 09033 187172
2014 08450 03807 78,897 57045 25704 532624 76750 34583 716610 21952 09891 204964 22407 1009 209210
2015 08415 03824 79,23 60543 27511 570065 7.9508 36129 748,642 22306 10136 210029 24234 Loz 28186
016 08307 03806 78876 64052 29350 608,174 82446 37778, 782818 22850 10470 216957 26261 12033 29351
017 08317 03837 79511 68828 31756 658,026 86716 40009 820011 2405 L1085 29692 28695 13239 274333
018 08460 03926 81352 72743 33757 699,493 91127 42289 876276 25586 L1874 246036 14454 209,509
019 08634 04029 83,496 76353 35635 738402 96467 45023 932928 27591 12878 266856 33889 15816 327736
2020 08392 03993 82713 7683 36560 757,569 98760 46991 973774 28737 13674 283346 35110 16707 346,184

2021 08254 03932 81470 78550 37422 775347 102922 49034 1015923 30387 L4477 209940 37427 17831 369,439
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Reported year Description

2010

2010

2013

2015

2018

2020

2022

2022

2023

2024

tle: Increasing Access to Health Workers in Remote and Rural Areas through Improved Retenti cy Recommendations.
Authors: World Health Organization

Key Findings:

ighlighted the significance of resolving healtheare inequalities i rural areas by focusing on the needs of those living there.

ivaluated Strategies to Increase Attraction and Retention of Health Workers in Remote and Rural Areas.
Authors: C. Dolea, L. Stormont

Key Findin

remote areas.

ddressed issues including workload and professional development possibilties as we looked for ways to keep healthcare workers in

“Title: Enhancing Staffing in Rural Community Health Centers Can Help Improve Behavioral Health Care.
Authors: X. Han, L. Ku
Key Finding

pri

ghlighted the potential of community health centers to increase access to healtheare by studying their efficacy in providing

ary healtheare services in rural areas.
“Title: Consolidating the Social Health Insurance Schemes in China: Toward an Equitable and Efficient Health System.
Authors: Q. Meng, etal.

Key Findin

tiatives to address this issue.

Results showed that rural areas lacked access to healthcare compared to urban areas, demonstrating the necessity for governmental

Title: Health Status in a Transitional Society: Urban-Rural Disparities from a Dynamic Perspective in Cl

Authors: ] Jiang, P. Wang
Key Findin

healtheare equity:

Examined difficultis such as resource limitations and uneven distribution of healthcare facilites, providing ways for increasing rural

Title: Impacts of COVID-19 on Agriculture and Rural Poverty in China.
Authors: J. Huang
Key Find

need to fortfy these systems immediately.

Addressed the ways in which the pandemic affected healthcare systems in rural areas, fin

ng weak spots and highlighting the critical

Title: Resource Allocation Equity in China’s Rural Three-Tier Healthcare System.
Authors: Y. Ao, etal.

Key Findin

quality of services offered.

‘Examination of the challenges of providing healthcare in rural areas and found ways to enhance the distribution of resources and the

Title: Traditional Chinese Medicine to Improve Rural Health in South Afti

: A Case Study for Gauteng,
Authors: Z. Hu, R Venketsamy

Key Findin

Investigated the pros and cons of incorporating traditional medical practices into healthcare systems in rural areas.

“Title: Impact of Health Insurance Equity on Poverty Vulnerabilty: Evidence from Urban-Rural Health Insurance Integration in Rural China.
Authors: Z. Li, Y. Chen, J. Ding

Key Findings: Researchers looked into how health insurance plans affect healthcare use in rural areas and what variables impact people’s ability to

get the treatment they need.
Title: The Future of Healthcare and Patient-Centric Care: Digital Innovations, Trends, and Predictions.
Authors: S. Aminabee

Key Findings: Highlighted prospects for utilizing digital solutions after researching the significance of technological advancements in enhancing

healthcare access and quality in rural areas.
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Registered nurses (person) RN 531034 997034 | 33300 10074200
Number of diagnoses and treatments (10,000 person times) DT 113490 187341 67.20 16451.64
Outputindicators | Number of surgeries performed (10,000 person times) sp 872 1612 0.60 17213
Discharged patients (10,000 persons) bP 3984 5667 222 47934
Gross domestic product (100 million yuan) GDP 99224 1811.03 6571 1991698
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Environment Permanent residents (10,000 persons) PR 21492 260.10 27.72 211920
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UR 57.83 1935 2889 100.00

General public budget revenue (100 million yuan) GPBR 67.92 16235 254 1697.63
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Government health Social health expenditure  Out-of-pocket expenditure
expenditure
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Year  Pharmaceutical Outpatient Hospital Retail pharmaceutical =~ Pharmaceutical
expenditure pharmaceutical pharmaceutical expenditure expenditure as
(billion yuan) expenditure expenditure share of THE (%)

Expenditure ~ Share  Expenditure  Share  Expenditure  Share
(billionyuan) (%)  (billionyuan) (%)  (billionyuan) (%)

2012 1186045 4082.74 3442 417131 3517 3606.40 3041 4037
2013 13307.70 410265 3083 5043.48 37.90 416157 3127 39.80
2014 1392500 4203.43 3019 5086.89 3653 4634.67 3328 37.20
2015 1616634 5065.84 3134 5674.11 35.10 542639 3357 37.16
2016 1760244 547130 3108 6053.59 3439 6077.55 3453 3632
2017 18203.00 5959.95 3274 6037.84 3317 6205.21 3409 3442
2018 1914898 6286.22 3283 6074.27 3172 6788.50 3545 3237
2019 2111682 7227.06 3422 6490.30 3074 7399.46 35.04 3331
2020 20699.90 7093.89 3427 5769.35 27.87 7836.66 37.86 3098
2021 20395.63 7848.64 3848 6242.58 3061 630441 3091 28.67
2022 2127581 8303.04 3903 5848.79 27.49 7123.98 3348 2691

Source: The data in the table s derived from the Research Report on Chind Total Health Expenditure in 2020 and the Statistical Bulletin on the Development of China’s Health and Wellness
Undertakings in 2022,
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Hospitals ~ Outpatient Pharmaceutical Public health  Health administration and Others

clinics retail institutions facilities medical insurance
management authorities

2012 6215 800 1228 7.49 227 782
2013 6233 743 1245 7.38 229 812
2014 6152 684 1238 7.02 363 861
2015 6173 674 1247 656 334 915
2016 61.90 645 1254 605 348 957
2017 62.59 664 1173 585 320 9.98
2018 6291 676 11.60 558 321 9.93
2019 6355 691 1167 547 334 9.05
2020 60.13 669 1173 656 535 955
2021 63.67 692 886 640 449 9.65
2022 6141 699 901 636 594 1029

Source: The data in the table s derived from the Research Report on Chind Total Health Expenditure in 2020 and the Statistical Bulletin on the Development of China's Health and Wellness
Undertakings in 2022,
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Year Total health Government health Social health Out-of-pocket Total health

expenditure expenditure expenditure expenditure expenditure
ilionyuan) ¢, oengiture  Share  Expenditure  Share  Expenditure  Share ‘o'’
(billionyuan) (%)  (bilionyuan) (4  (bilionyuan) (%)

2012 28119.00 8431.98 29.99 10030.70 35.67 9656.32 3134 522

2013 31668.95 9545.81 30.14 11393.79 3598 10729.34 33.88 5.34

2014 35312.40 10579.23 29.96 13437.75 38.05 11295.41 3199 5.49

2015 40974.64 12475.28 3045 16506.71 40.29 11992.65 2927 595

2016 46344.88 1391031 30.01 19096.68 4121 13337.90 28.78 6.21

2017 52598.28 15205.87 2891 22258.81 4232 15133.60 28.77 6.32

2018 59121.91 16399.13 27.74 25810.78 43.66 16911.99 2861 643

2019 65841.39 18016.95 27.36 29150.57 4427 18673.87 28.36 6.67

2020 72175.00 21941.90 30.40 30273.67 41.94 19959.43 27.65 7.10

2021 76844.99 20676.06 2691 34963.26 45.50 21205.67 27.60 6.72

2022 85327.49 24040.89 28.17 38345.67 4494 2294094 26.89 7.05

The data in the table s derived from the China Statistical Yearbook from 2012 to 2022 and the Research Report on China’ Total Health Expenditure in 2020.
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Overall % 13.83% 46.82% 2832% 18.05% 2552% 1331% 29.10%

PDM, Panel data model; Epyb » Public expenditure on health; Epry , Private health expenditure without out-of-pocket payments; EQOP Private health expenditure in the form of out-
of-pocket payments; RE, random effects model; FE, fixed effects model; NEO, neoplasm; CARD, Cardiovascular discase; DIGE, digestive disease; NEUR, neurological disorders; MUSC,

Musculoskeletal disorders; SKIN, skin and subcutaneous disease; SENS, Sense organ disease; *Significant at a 1% level; ‘coeffcient obtained in the most parsimonious panel data model
according to the BIC criterion; 95% confidence intervals are presented in brackets.
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Type of costs Costs (Million CHF)

Direct costs of treatment overweight and obesity

Dietary counseling costs* 18
Pharmacological therapy costs 2
Bariatric surgical therapy costs® 83

Total direct costs of treatment -
overweight and obesity

ct costs of obesity-linked selected overweight and obesity-related

complications

Asthma 72-24
CHD 210-513
Depression 595
Diabetes mellitus 808-1,090
Hypertension 536
Osteoarthritis (hip & knee) 1,104-1,398
Stroke 206-725
Total direct costs attributable to 3,530-5,081
overweight and obesity

Total costs of overweight and obesity 3,657-5,208

of

‘Costs for dietary counseling were estimated by the most current staistical informat
jan-Jun 2022.

“Costs for pharmacological therapy were estimated by the most current sales information of
jan-jun 2022,

Costs for bariatric surgical therapy costs were estimated based on the number of procedures
performed in 2019, s the COVID-19 pandemic led to a significant reduction in elective
surgical procedures performed in 2020 and 2021.CHD, Coronary heart discase; CPL,
Consumer Price Index; PAF, Population attributable fraction. Bold values are overall values
(sum).





OPS/images/fpubh-12-1425716/fpubh-12-1425716-e014.jpg





OPS/images/fpubh-12-1359902/fpubh-12-1359902-e060.jpg
DMU( 41 m)





OPS/images/fpubh-12-1384122/fpubh-12-1384122-g004.jpg
Percentage of YLD in DALYs

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%
P RO R I R I RO LRV R R

NEOP CARD RESP DIGE NEUR MENT
e MUSC = OTHE =——SKIN -~ SENS SUBS — DIAB





OPS/images/fpubh-12-1335115/fpubh-12-1335115-t002.jpg
Disease Direct cost of illness PAF (%) PAF-based cost (Million CHF)

(Mio. CHF)? . . B .
Overweight Obesity Overweight Obesity Total
25<BMI<30 BMI>30 25<BMI<30 BMI>30 Attributable
direct costs
BMI>25
574 62 64 35 37 7
Asths Based on Szucs etal. (40) 203 187 116 107 224
1.861-2,022 66 47 123-133 87-95 210-228
CHD Based on Destatis (41) and 141 13
‘Wieseretal. (42) 262-285 210-228 473-513
659
Depression 37 54 241 354 595
Based on Tomonaga et al. (43)
1,366 162 429 21 586 808
Dlsbstes enellens Based on Huber etal. (44) 384 a4 525 565 1,09
1538
Hypertension 181 168 278 258 536
Based on Destatis (41)
Osteoarthritis (hip 2830 194 196" 549 555 1,104
and knee) Based on Destatis (45) 24 50 690 707 1,39
1812-2,033 59 54 108-121 98-110 206-231
Based on Maercker etal. (46)
Stroke 183 174
and Luengo-Fernandez et al. 331371 315-354 646-725
“7)
Overall 1,555-2,506 1,954-2,594 3,530-5,081

‘Extrapolation of costs for Switzerland 2021 by conversion with PPP and extrapolation with CPI
“Combined PAF based on relative risks for hip osteoarthritis from Holliday et al 2010 and knee osteoarthritis from Holliday etal. (32) and Muthuri etal. (33).
‘Combined PAF based on relative riss for hip osteoarthrits and knee osteoarthrits both from Lohmander et al. (31).

BMI, Body mass indes; CHD, Coronary heart disease; CPI, Consumer Price Index; PAF, Population attributable fraction. Bold values are overall values (sum).
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Disease PAF overweight
25<BMI<30

62+
Asthma

203+

141
CHD

66

Depression 37+

162
Diabetes mellitus

38.4%

181
Hypertension

2.7+

133
Osteoarthritis (hip)

149%

355
Osteoarthritis (knee)

28

59
Stroke

183

“Weighted mean to account for differences between males and females in the respective incidence/prevalence.
BMI, Body mass indes; CHD, Coronary heart disease; PAF, Population attributable fraction.

PAF obesity

BMI>30
64%
18.7%
1.3*

47
54%
429%
414%
16.8*
24.9%
15.7%
14.4%
343
247
54%

17.4%

References

Zemp Stutz etal. (10)
Maetal. (25)

Flint etal. (26)
Liuetal. (27)
Luppino etal. (25)
Davin etal. (29)
Zemp Stutz etal. (10)
Davin etal. (29)

Guh etal. (30)
Lohmander etal. (31)
Holliday etal. (32)
Lohmander etal. (31)
Muthuri etal. (33)
Zemp Stutz etal. (10)

Winter etal. (34)
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TOTAL DIRECT COSTS OF OVERWEIGHT AND OBESITY

Treatment of overweight and obesity (3.0% + 0.5)

Treatment of overweight and obesity (3.0% £ 0.5)
= Dietary counselling (0.4 % +0.1)
# Pharmacological therapy (0.6 % +0.1)
= Bariatric surgical therapy (1.9 % + 0.3)

Treatment of obesity-related complications (97.0 % + 0.5)
 Asthma (3.1% £ 1.2)
= CHD (7.8% £ 2.0)
= Depression (13.8% +2.4)
= Diabetes mellitus (21.5 % £ 0.6)
= Hypertension (12.5%+2.2)
® Osteoarthritis (28.5% £ 1.7)
w Stroke (9.8% + 4.1)
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Absolut g convergence

Conditional B convergence

Different GMM System GMM Different GMM System GMM
TE;¢ —0.9176" —0.8644" —0.8586"* —0.8690°" —0.7709"* —0.8107"
(0.0378) (0.0532) (0.0514) (0.0369) (0.0423) (02132)
Ps —0.0041 —0.0020 —0.0006
(0.0054) (0.0052) (0.0142)
BA 0.0308* 0.1548* 00990+
(0.0167) (0.0907) (0.0380)
PGS —02116™* —03120" —0.2902%
(0.0098) (0.0835) (0.1048)
RTETI —0.0153"* —0.33847 —0.1546"
(0.0043) (0.1176) (0.0586)
LM 764.227%** 759.496%*
Wald F 856.372 849.833
AR(1) (p-value) 0.000 0.000 0.000 0.002
AR(2) (p-value) 0.371 0.326 0.093 0.543
Hansen test 0733 0.167 0570 0.109
(p-value)

*p < 0.01,%p < 0.1
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nxi Southern region Central region Northern region

Absolutes Conditional g Absolute g Conditional g Absolute g Conditional g Absolute g Conditional g
convergence convergence convergence convergence convergence convergence convergence convergence
TEix —0.9823** —0.9829*** —0.9778** —0.9800*** —0.9296*** —0.9322*** —1.0846*** —1.0821**
(0.0132) (0.0127) (0.0184) (0.0181) (0.0240) (0.0216) (0.0268) (0.0264)
PS —0.0013 0.0035 —0.0039 —0.0002
(0.0044) (0.0088) (0.0060) (0.0084)
BA 0.0564*** 0.0556*** 0.0776*** —0.0529
(0.0138) 0.0204) (0.0228) (0.0324)
PGS —0.2553*** —0.2054*** —0.4308** —0.2221**
(0.0573) (0.0672) (0.0240) (0.0387)
RTETI —0.0314* —0.0255*** —0.0666*** —0.0160
(0.0085) (0.0092) (0.0253) (0.0158)
Individual fixed effect Yes Yes Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes Yes Yes
R 0.5020 0.5398 0.5029 0.5333 0.4698 0.4026 0.5765 0.5944
N 14,172 14,172 8,300 8,300 3,688 3,688 2,184 2,184
Hausman test 4,595.22%** 4,647.55*** 2,767.46** 2,750.43*** 1,041.42* 1,112.94** 1,285.58* 726.57***

*p < 0.01,*p < 0.05.
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Variable Definitio Unit
Number of people served (PS) Number of people served by each VC Person
Building area (BA) Building area of each VC Sm?
Proportion of government subsidies (PGS) Subsidies from the government as a proportion of the total income in each VC %

%

Ratio of total expenditure to total income (RTETI)

Total expenditure of each VC divided by the total income of each VC
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Category Variable Definiti
Inputs Number of rural doctors Number of rural doctors employed in each VC Person
Number of rural doctors who underwent technician training | Number of rural doctors that participated in the Person
technician training program organized by the government
ineach VC
Quantity of medical equipment Total quantity of examination beds, refrigerators, Chinese | /
medicine cabinets, western medicine cabinets, disposal
tables, computers, and other medical equipment in each
VC.
Drug expenditure Expenditure of each VC on drugs listed in the National Yuan
Essential Medicines List
Outputs Number of patients who visited Number of patients who visited each VC Person
Income from essential drugs Income obtained by each VC from the sale of drugs listed Yuan

in the National Essential Medicines List
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Total study population MICAD MINOCA
(n = 660) [n =542 (82%)] [n =118 (18%)]

Demographics
Age [years - mean +SD] 685+128 688+128 698127 ns.
Male [ (%)] 413 (62.6) 365 (67.3) 48 (40.7) <0.001
Female [ (%)) 247 (37.4) 177 (32.7) 70 (59.3) <0.001
BMI [kg/m’ - mean £D] 283452 284251 275454 ns.
Charlson comorbidity index [mean  SD] 478+18 487¢18 39217 <0.001
All-cause mortality
In-hospital [ (%)] 59(9) 59 (11) 0(0) <0.001
30-day [n (%)) 99(15) 94(17.3) 5(42) <0001
Cardiovascular mortality
In-hospital [ (%)) 39(5.9) 39(72) 00 <0.001
30-day [n (%)) 58(8.8) 54(9.9) 4(33) <0.001
Echocardiographic parameters
LVEF [% - mean D) 1955152 418£149 5614156 <0.001
Hemodynamic parameters
Systolic blood pressure [mmHg -
meanSD] 1415£36.1 1396354 15192381 <0.001
Heart rate [bpm - mean +SD] 7958224 7972223 7874231 ns.
Biomarkers
‘Troponin [pg/ml-median IGR]] 4165.1 [569.2-26519.3] 6761.6 [729.5-35908.5] 821.1[197.1-3642.4] <0001
CK [pg/ml-median [IGR]] 48[24-15.4] 58[27-18.6] 25[18-47) <0.001
Creatinine [pmol/l - mean +5D] 11524884 11592893 1152837 ns.
Organizational work-flow and resources
Admission via ED [ (%)] 515(78) 431(79.5) 84(712) ns.
High-care monitoring [ (%)) 560 (84.8) 487 (89.9) 73 (61.9) <001
CABG [ (%)] 51(77) 50(9.2) 0(0) <001
Interval admission ED-catheterization
laboratory [h-median [IQR]] 113 [15-65.5] 9.1[1.1-599)] 43.1[10.4-117.6] <0001
Time of admission
Morning [ (%)] 204 (30.9) 184 (33.9) 29(24.5) ns.
Afiernoon [ (%)) 314(47.6) 267 (49.2) 64(54.1) ns.
Night [ (%)] 10 (16.7) 91(168) 25 (21.4) ns.
On-hours 1 (%)] 404 (61.2) 333 (61.4) 71(60.4) ns.
Off-hours [ (%)] 256 (38.8) 209 (38.6) 47 (39.6) ns.
Weekend (1 (%)] 1717) 107 (19.7) 10(85) 001
Comorbidities.
Hypertension [ (%)] 497(75.3) 419(77.3) 78 (66.1) ns.
Heart failure [ (%)) 277 (42) 232 (42.8) 45(38.1) ns.
PAD [n (%)] 46 (7.0) 40(7.4) 6(5.1)
Stroke [ (%)] 2335 22(41) 1(08) ns.
Dementia [ (%)] 15(23) 1324 20.7) ns.
COPD [ (%)] 45 (6.8) 35 (6.4) 13(11.2) n,
Diabetes [ (%)) 226 (34.2) 287 (36) 27(229) 0.037

p <0.05 = statistically significant; * MICAD vs. MINOCA; MICAD, myocardi with obstructive coronary artery disease; MINOCA, myocardial infarction with non-obstructive
coronary arteries; ED, emergency department; SD, standard deviation, BMI, body mass index; ICU, intensive care unit; CABG; coronary artery bypass graft; h, hours; PAD, peripheral artery
disease; COPD, chronic obstructive pulmonary disease; CAD, coronary artery disease; n.s., not significant; IQR, Interquartile range; CK, creatinine kinase,
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Study ID Participants Events (WTP) Country Continent

Al-Hanawi etal. (2018) (59) 1,187 826 Saudi Arabi Asia
Alharbi (2022) (90) 475 299 Saudi Arabia Asia
Hasan and Rahman (2022) (93) 1,208 401 Malaysia Asia
Tan etal. (2022) (95) 462 344 Malaysia Asia
Noor etal. (2019) (56) 774 593 Malaysia Asia
Ramadhan etal. (2015) (96) 210 37 Indonesia Asia
Dartanto etal. (2016) (100) 400 280 Indonesia Asia
Nugraheni et al. (2022) (101) 1203 496 Indonesia Asia
Omotowo etal. (2016) (55) 400 336 Nigeria Africa
Njie et al. (2023) (91) 77 677 Gambia Africa
Basaza etal. (2017) (92) 381 258 South Sudan Africa
Agyei-Baffour etal. (2022) (94) 1,185 581 Sierra Leone Africa
Oga etal. (2019) (97) 450 350 Cote d'lvoire Africa
Oyekale etal. (2012) (95) 110 79 Nigeria Africa
Puurbalanta et al. (2020) (99) 335 295 Ghana Africa

Total 9,497 5872 All Both
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Themes (variables)

1 Socio-demographic factors
11 Family size

12 Houschold head's age

14 Male gender
15 Place of residence (urban)

16 Educationlevel

2 Income and economic issues

21 Income level

22 Government taxation

23 Formal employment

3 Information level and information sources
3.1 Awareness about NHI

32 Knowledge regarding NHI

33 Perception of financing healthcare

34 Tnsurance lteracy

35 Internet access

4 Tliness and illness expenditure

4.1 Tllness experience

42 Previous healthcare expenditure

5 Health service factors

5.1 Hospital availability at district level
5.2 Healthcare provider type (public hospital)
53 Service utilization (inpatient)

54 Health service quality

6 Factors related to financing schemes

6.1 Scheme trust and preference

62 Impression of paying more

63 Level of health insurance plan (class 1)
64 Having alternative health insurance

7 Social capital and solidarity

7.1 Religious affiliation

7.2 Level of empowerment

7.3 Group and network connection

7.4 Social capital cohesion and inclusion

Direction of relationship with the WTP for NHI

Positive (+) Negative (-)

(83,85,92,101) (84,89,93)
- (84,86, 87,90, 94,95, 99)
- (85, 86,95)
(88, 89,91,97, 100) (85,86,90,94,95, 101)
(89) (86,94)

(83,89, 94,95,98) =

(86, 87,89, 94,99-101) (83)
e (85)
(88,95,99) o1
(84,92,94) (©98)
(87) (95)
(©3) (9
(100) =
(100) -
(86,93,98). (84,89,95,101)
(100) -
(100) -
(101) ©0)
(101) =
(89, 90) =
(84) =
= (85)
(101) =
(©3) (86,89, 92)
(93) -
= 93)
- (©93)

Inconclusive

(90)

(90,91,99,101)

(85,91,92)
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Study ID Design Country  Continel Year SS RR

Nurlia (2021) (83) Cross-sectional Indonesia Asia 2020 200 200

Oyekale (2012) (84) Cross-sectional Nigeria Africa 2007 212 208 WTP
©Omonira and Oyekale (2012) (55) Cross-sectional Nigeria Africa 2006 122 120 WTP
Noor etal. (2019) (86) Cross-sectional Malaysia Asia 2014 915 774 WTP
Oktora and Pujiyanto (2018) (57) Cross-sectional Indonesia Asia - 166 158 WTP
Omotowo et al. (2016) (88) Cross-sectional Nigeria Africa - 400 400 WTP
Al-Hanawi et al. (2018) (59) Cross-sectional ~ Saudi Arabia | Asia 2015 1,250 1,187 wTP
Alharbi (2022) (90) Cross-sectional  Saudi Arabia | Asia 2021 475 475 wTP
Njie etal. (2023) (91) Cross-sectional  Gambia Africa 2020 780 77 wTP
Basaza etal. (2017) (92) Cross-sectional South Sudan  Africa 2015 422 381 WTP
Hasan and Rahman (2022) (93) Cross-sectional  Malaysia Asia 2020 1,388 1,208 wTP
Agyei-Baffour etal. (2022) (94) Cross-sectional  Sierra Leone | Africa - 1,185 1,185 wTP
Tan (2022) (95) Cross-sectional  Malaysia Asia 2019 489 162 wTP
Ramadhan et al. (2015) (96) Cross-sectional ~ Indonesia | Asia 2013 210 210 wTP
Oga etal. (2019) (97) Cross-sectional Cote d'Ivoire | Africa 2017 450 450 WTP
Opekale and Adeyeye (2012) (95) Cross-sectional  Nigeria Africa 2008 10 10 wTP
Puurbalanta et al. (2020) (99) Cross-sectional  Ghana Africa - 335 335 wTP
Dartanto et al. (2016) (100) Cross-sectional Indonesia Asia = 400 400 WIP
Nugraheni et al. (2022) (101) Cross-sectional  Indonesia | Asia 2021 1211 1,203 wTP
Total 10,720 10,183 wWTP

RR, response rate; S5, sample size.
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2023
2024
2025
2026
2027
2028
2029
2030

Pharmaceutical expenditure

(billion yuan)

23528.40
24696.45
25922.50
27209.40
28560.20
29978.06
31466.30

3302843

Total health expenditures

(billion yuan)
92069.52
101328.73
111519.12
12273433
135077.43
148661.85
163612.41

180066.53

The share of pharmaceutical expenditures
in total health expenditures

25.56
2437
2324
217
2114
2017
19.23

1834
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Year THE Government health Social health Out-of-pocket GDP
(billion expenditure expenditure expenditure (billion
yuan)

yuan)

Expenditure Share Expenditure Share Expenditure Share
(billion yuan) () (billion yuan) (%) (billion yuan) (%)

2023 96939.02 26680.58 27.52 44689.89 46.10 25568.56 2638 1323708.42 732
2024 1078209 29388.53 27.26 50494.01 46.83 27938.43 2591 1433157.49 752
2025 11995120 3237132 2699 57051.93 47.56 30527.95 25.45 1551636.22 7.73
2026 13347592 35636.86 2671 64461.58 4829 33357.48 24.99 1679952.85 7.95
2027 148558.69 39275.86 2644 72833.55 49.03 36449.28 2454 181885753 817
2028 16538263 4326217 26.16 82292.84 49.76 39827.65 24.08 1969247.35 840
2029 18415287 47653.07 25.88 92980.65 5049 43519.14 23.63 213207195 864

2030 205098.97 52489.63 25.59 10505655 5122 47552.79 219 2308359.49 889
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Predictive indicators GM (1,1) model @

Government health expenditure 90952.370997(11) _g1550 30 01580
Social health expenditure 101479,1580122101) gy 4445 01234
Out-of-pocket expenditure 113692.5009886(-1) _ 0036 15 00927

Gop 7233636830741 _6g05057.83 00824

Result

Excellent

Excellent

Excellent

Excellent





OPS/images/fpubh-12-1394688/fpubh-12-1394688-t004.jpg
Degrees of Degrees of
depression depression

(1) ()]

Basic pension for

urban and rural ~2661%** (0.535) —2.074%%* (0.484)
residents

Age ~0.004*** (0.001)
Gender —0.204**% (0.015)
Education level —0.165%** (0.020)
Marital status ~0.159%*% (0.018)
Chronic disease status 0.171%#* (0.014)
Number of children 0.02744% (0.005)
Personal income ~0.0174%% (0.002)
Family income 0.008%% (0.002)
Social relationship. ~0.072+%% (0.014)
Constant 0.135%%* (0.037) 0.748%%* (0.110)
Sample size 9310 9,148

R 0.001 0018

Standard errors in parentheses #p<0.1, **p <0.05, and ***p<0.01.
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Degrees of
depression

(1)

Degrees of
depression

(2)

Life satisfaction

(3)

Life satisfaction

(4)

Basic pension for urban

~2.224%%% (0.426)

and rural residents
Age

Gender

Education level

Marital status

Chronic disease status

Number of children

Personal income

Family income

Social relationship

Sample size 9310

R 0.003

—1.727%%% (0.416)

~0.004*** (0.001)
~0.194%+% (0.014)
~0.140%*% (0.018)
~0.165%+* (0.018)
0.165%#* (0.014)
002744 (0.005)
~0.016%+* (0.002)
0.007%#* (0.002)
~0.069%** (0.014)
9,148

0.084

*,**,and *** indicate significance level at 1%, 5%, and10%, respectively. Standard errors in brackets.

4.206%* (1.219)

9310

0.001

3.652%%* (1.228)

0.020%* (0.004)
~0.005 (0.042)
~0.158%+% (0.052)
0.078 (0.056)
~0.224%+% (0.041)
—0.011(0.016)
0.027%#* (0.007)
—0.002 (0.006)
0.089%* (0.040)
9,148
0,005
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Variable Variable Observations Standard Minimum Maximum

properties deviation value value
Degree of depression 9310 0955 0671 0 3
Explained Variables
Life satisfaction 9,310 3.288 0.791 1 5

Basic pension for urban
Explaining Variables 9310 0.0683 00163 0.0516 0.444
and rural residents

Age 9310 67.36 5554 0 108
Gender 9,310 0.508 0.500 0 1
Education level 9,310 1.202 0.402 1 2
Marital status. 9,310 0.824 0.381 0 1

Control variables Chronic disease status 9310 0.420 0494 0 1
Number of children 9,310 3.098 1441 0 13
Personal income 9,296 6.444 3.039 0 1249
Family income 9,163 5789 3649 0 1445
Social relationship 9,309 0.439 0.496 0 [ ]
Health condition 9,307 2.967 1.036 1 5
Intergenerational 9310 7.079 2.864 0 13.06
support

Labor supply 9310 2660 3196 0 320





OPS/images/fpubh-12-1394688/fpubh-12-1394688-t001.jpg
Variable properties Variable Variable description

Degree of depression “The scores for the 10 questions in the depression scale were summed and then averaged.
Explained variables Not satisfied at all = 1; Not very satisfied = 2; Somewhat satisfied = 3; Very satisfied =4;
Life satisfaction
Extremely satisfied =

Explaining variables Basic pension for urban and rural residents  Ratio of basic pension and minimum wage income for urban and rural residents.
Age ‘The age of the respondent at the time of the survey.
Gender Male=1; Female=0.

Junior high school and below =1; junior high school and above=2.

Marital status With a spouse = 1; without a spouse:
Chronic disease status =0
Control variables Number of children ‘The number of children the respondent has.

“The logarithm of the total wage income and transfer payment income of the respondent
Personal income
the past year

“The logarithm of the respondents family income in the past year, including income from
Family income
product sales, self-employment or private income, and public transfer payment income.

Social relationship ‘Whether the respondent engaged in social activities in the past month: Yes=1; No=0.

Goo

Respondent’s slf-rated health condition: Very bad = 1; Bad =2 Fair=3;
Health condition

good=5
‘The logarithm of the total financial support provided by children to their parents,
Mediating variables Intergenerational support
including cash and in-kind.
‘The number of working hours per week that the respondent worked in self-employment,
Labor supply

employment, and as a helper in family business activities in the past year.
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Variable

Gender ratio

(1) High
category

Basic pension for

urbanand rural | ~2.336+* (0.704)
residents

Age —0.006*** (0.002)
Gender —0.170%** (0.020)

Education level —0.095%** (0.025)

Marital status —0.187%** (0.027)

Chronic disease
0.160%+* (0.020)

status
Number of

0.038*** (0.008)
children
Personal income  —0.016*** (0.003)
Family income 0.009%* (0.003)
Social relationship | ~0.074*+* (0.020)
Sample size 4437

R 0079

(2) Low
category

=1.279** (0.518)

—0.003 (0.002)

~0.213%*# (0.020)

~0.185%** (0.025)

~0.145%+% (0.025)

0.166%+* (0.019)

0.018%** (0.007)

~0.016%* (0.003)
0.005%* (0.003)
~0.063*** (0.019)

4711

0.090

Degrees of depression

Chronic disease status Region
(3) Suffering (4) Not (5) Eastern  (6) Central
from chronic suffering region region

diseases from chronic
diseases
~1956%+ 142524+
—2064%**(0.621)  —1.426** (0.564)
(0.526) (1.895)
~0006%*
—0004% (0002) | ~0.004%** (0.002) ~0.000 (0.003)
(0.002)
—0a71%5 ~0.198%*
—0.243%5%(0.023) | ~0.160%** (0.018)
(0.022) 0.025)
—0.118 ~0.098%*
—0.122%5%(0.029) | ~0.152%% (0.022)
(0.027) 0.029)
—0.174%5 ~0.19455%
—0.155%5%(0.029) | —0.172%%% (0.024)
(0.030) 0.031)
0.000 () 0.000 () 0.150%4% (0022) | 0.192%** (0.023)
0.025%%% (0.008) | 0.029%**(0007) | 0015*(0009) | 0.023**(0.010)
~0019%%* ~0019%%*
=0.017%%%(0.004) | -0.016"** (0.003)
(0.003) (0.004)
0.011%%% (0.003) | 0.005**(0.002) 0005 (0.003) 0.004(0.003)
~0076%+
—0.0954%% (0022) | —0.049**% (0017) | ~0.049%* (0.021)
(0.023)
3845 5,303 3320 2,964
0073 0064 0.083 0.108

(7) Western
Region

4.273%%* (0976)

~0.005% (0.003)

~0.230%+% (0.026)

~0.167%+% (0.037)

~0.078%* (0.034)

0.138%%* (0.025)

0.008 (0.009)

=0.006 (0.004)

—0.005 (0.004)

~0.057** (0.026)

2,864

0.069
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Basic pension for urban

—4.917*** (1509)
and rural residents

Age
Gender

Education level
Marital status
Chronic disease status
Number of children

Personal income

income
Social relationship

Sample size 9310
R 0.001

Standard errors in parentheses *p<0.1, **p<0.05, and ***p<0.01.

—4.150%** (1.547)

~0.006 (0.005)
~0.202%7% (0.047)
~0.164%7* (0.060)
~1.104%7% (0.056)

0338%% (0.045)

0.038%* (0.017)
~0.045%*% (0.007)

0.014* (0.006)
~0.127%%% (0.045)

9,148

0,033
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