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Background: The high multimorbidity and lower socioeconomic status (SES) of older adults, can lead to catastrophic health expenditures (CHEs) for older adults’ households. However, whether widowed older adults will bear such a financial burden has yet to be explored. The aim of this study was to investigate the influence of multimorbidity patterns and SES on CHE in Chinese widowed older adults.

Methods: Data was obtained from the 2018 China Health and Retirement Longitudinal Study (CHARLS). This is a cross-sectional study. A total of 1,721 widowed participants aged 60 years and older were enrolled in the study. Latent class analysis was performed based on 14 self-reported chronic diseases to identify multimorbidity patterns. The logistic model and Tobit model were used to analyze the influence of multimorbidity patterns and SES on the incidence and intensity of CHE, respectively.

Results: About 36.72% of widowed older adults generated CHE. The incidence and intensity of CHE were significantly higher in the cardiovascular class and multisystem class than in the minimal disease class in multimorbidity patterns (cardiovascular class, multisystem class, and minimal disease class). Among SES-related indicators (education, occupation and household per capita income), respondents with a middle school and above education level were more likely to generate CHE compared to those who were illiterate. Respondents who were in the unemployed group were more likely to generate CHE compared to agricultural workers. In addition, respondents aged 70–79 years old, geographically located in the east, having other medical insurance, or having fewer family members are more likely to generate CHE and have higher CHE intensity.

Conclusion: Widowed older adults are at high risk for CHE, especially those in the cardiovascular and multisystem disease classes, and those with low SES. Several mainstream health insurances do not provide significant relief. In addition, attention should be paid to the high-risk characteristics associated with CHE. It is necessary to carry out the popularization of chronic disease knowledge, improve the medical insurance system and medical service level, and provide more policy preferences and social support to widowed older adults.
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Introduction

Catastrophic health expenditure (CHE) is generally defined as a household’s health expenditure as a percentage of total expenditure or income level reaching a threshold that has a catastrophic impact on the family’s financial situation and quality of life (1–3). The occurrence of CHE continues to increase worldwide. It has been demonstrated that the occurrence of CHE increased significantly in the 133 countries surveyed during the decade 2000 to 2010, regardless of which criteria was used to define CHE (4). This trend is much more pronounced in low- and middle-income countries, where health spending is growing at about 6% a year, 2% more than in high-income countries (5). Medical insurance systems in some low-income countries have achieved good results, such as China’s almost universal coverage (6), but due to the limited capital pool, it is difficult to fully protect the actual interests of the insured (7, 8). Studies have proved that the incidence of CHE in Chinese families is 13.9% (9) higher than some other countries, such as South Korea (10), Nepaland (11), and Bhutan (12). The proportion of OOP health expenditure in China’s total health expenditure is higher than the normal range defined by the WHO (13). It remains an important issue for China’s health authorities to provide more effective financial risk protection to its residents (14).

Multimorbidity refers to the occurrence of two or more chronic diseases in an individual at the same time (15), and it can share the same or different causes (16, 17), and has a significant negative impact on the health status, quality of life, and health expenditure of patients (18–21). Patients with multimorbidity have higher health expenditure than non-multimorbidity patients in developed countries, and already affect more than 60% of older adults (22, 23). Developing countries are not any exception. For example, nearly 70% of older adults in China suffer from multi-morbidity (24), and the medical complex service conditions required to treat multi-morbidity are a great challenge for the health care system (25, 26). Patients with different patterns of multimorbidity may have different care practices and health expenditures. Some scholars have used cluster analysis to cluster the information of chronic diseases of individuals (17, 27, 28), being aimed at better identify the potential categories of observed variables and conduct research on cognitive function, related outcomes, and related factors.

Contextual factors such as the physical characteristics of the environment, the sociocultural characteristics of the community and the accessibility of related services have some influence on health expenditure (29). When patients are under these adverse conditions, they may need to bear a greater risk of adverse health outcomes (30). Due to their lower socioeconomic status (SES), they have a lower economic level, and their money on medical and health services is likely to occupy a large proportion of their total household expenditure, thus generating CHE. In addition, the occurrence of CHE is associated with unequal socioeconomic status (e.g., employment, education, income), and subjects with CHE are more likely to be taken those with lower socioeconomic status (31, 32). Some SES factors, such as household income per capita, have been declared to have a significant impact on household CHE for older adults patients with chronic diseases. Equity in policies that reduce the incidence of CHE must be promoted by addressing socioeconomic factors that impact healthcare outcomes for older adults (33). The fairness of medical insurance design in China needs to be improved. For example, applying for the protection of the Medical Assistance program requires patients to have a certain level of health knowledge and be able to successfully fill out complex application forms, which disadvantage people of lower socioeconomic status (34, 35). It is therefore imperative to clarify differences in the equity of Medicare benefits and access to quality health services among patients of different socioeconomic status.

China holds the largest older adults population in the world (36). While the aging of the population is deepening, the widowed rate of older adults is also increasing. Depending upon the results of China’s seventh census, the number of older adults in China has reached 264 million, accounting for 18.70 percent of the total population. The number of widowed older adults has risen to 50 million, accounting for 18.9 percent of the total older adults population, an increase of nearly 2.6 million compared with 2010. The loss of a spouse is known as one of the most stressful events in human life (37), and its negative impact often involves the health status, economic level, quality of life and other aspects of the widowed person (38–41). Therefore, more attention should be paid to the economic burden of disease in widowed older adults, aiming to improve their quality of life in later life.

In this study, we aimed to evaluate multimorbidity patterns and the impact of SES on the incidence and intensity of CHE in widowed older adults in China. This is a cross-sectional study. The main challenge of this study is to identify the comorbidity pattern of widowed older adults in China and explore the influencing factors of CHE in widowed older adults. The main value and significance of this study is to provide a theoretical basis for the formulation of programs to alleviate the economic burden of diseases of widowed older adults, improve the quality of medical and health services, and perfect the medical insurance system, so as to promote the realization of healthy aging.



Methods


Data source

Data were obtained from the China Health and Retirement Longitudinal Study (CHARLS), a nationally representative longitudinal survey of Chinese adults aged 45 years and above (42). The baseline survey of CHARLS was undertaken in 2011, followed by four waves of surveys in 2013, 2015, and 2018. Electronic mapping software (GIS) was used to construct village-level sampling frame by mapping method, and multi-stage probability proportional to size (PPS) sampling was used. The survey covered 150 county-level units and 450 community-village level units in 28 provinces (autonomous regions and municipalities directly under the Central Government). The purpose of this study was to obtain relevant data on Chinese residents aged 45 and older, such as socio-demographic characteristics, family information, health status, medical insurance, work status, and medical service utilization of the respondents. CHARLS has received ethics approval from the Biomedical Ethics Review Board of Peking University (IRB0000105IRB 00001052–11015).

In this study, we used the data of CHARLS 2018, the fourth wave of its survey data, with a total of 19,816 respondents. Participants who met the required criteria (age 60 years and above, marital status as widowed, and complete information on chronic diseases and CHE related information) were included in the study, and 1,721 participants were finally included.



Measurement of catastrophic health expenditure (dependent variable)

The dependent variables in this study were the incidence and intensity of CHE. Build on previous research (31, 43–45), we measured CHE as out-of-pocket (OOP) medical expenses equal to or exceeding 40% of the family’s ability to pay (CTP). We included annual non-food household consumption expenditure as a measure of household ability to pay (CTP) to avoid measurement biases that may be missed by poor households (31, 46).

Annual household health expenditure was regarded as out-of-pocket (OOP) medical expenditure. We used pooled binary variables to determine the presence or absence of CHE in a participant’s household:
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Among them, [image: image] represents annual household health expenditure. The [image: image] represents annual non-food household consumption expenditures, with z being 40% of the disaster threshold.

The strength of CHE indicates the extent to which OOP payments affect family life (47). It is expressed as CTP’s OOP payment proportion minus the threshold, calculated as follows:
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Among them, [image: image] represents the annual health expenditure cost of household i. [image: image] is the non-food expenditure of household i and z is the catastrophe threshold of 40%.



Identification of multimorbidity patterns (independent variable)

The CHARLS 2018 survey collected information on whether participants had been diagnosed with any of the following 14 chronic conditions: hypertension, dyslipidemia, diabetes, cancer or malignant tumor, chronic lung disease, liver disease, heart disease, stroke, kidney disease, stomach and other digestive disease, emotional and psychiatric problems, memory-related disease, arthritis or rheumatism, and asthma. All the diseases were treated as dichotomous variables. LCA was used to identify multimorbidity patterns and to identify the category to which participants belonged.



SES indicators (independent variable)

SES measures used to represent the individual level include: education, occupation, and household per capita income. It has been shown that a higher level of education of an individual is associated with a lower frequency of use of medical services but a greater willingness to pay for medical services when needed (48, 49). Since the age of the subjects was not less than 60 years, we classified three levels of education: illiterate, primary school, middle school and above. The employment status and urban and rural residence of Chinese residents determine the type of medical insurance that individuals participate in. We categorized occupation types into four categories: agricultural work (at least 10 days of agricultural work in the past year and no other four categories of employment status were involved), non-agricultural work, retired (including early retirement, that is, people who quit before retirement age but enjoy the same benefits as normal retirement), and unemployed. Household per capita income is the average income of household members in the past 12 months.



Covariates

Covariates included in this study were: gender (male and female), age group (60–69 years, 70–79 years and ≥ 80 years), residence (urban and rural), geographic location (Northeast, East, central and West), type of health insurance [urban employee basic medical insurance (UEBMI), urban resident basic medical insurance (URBMI), new rural cooperative medical insurance (NRCMI), other MIs and no medical insurance (MI)], any financial support from family members or relatives and friends (yes or no), provision of any financial support to family members or relatives and friends (yes or no), difficulties in activities of daily living (ADL: eating, bathing, dressing, toileting, going to bed, and urinating; yes or no), and number of family members.



Introduction to logistic and Tobit model

Logistic regression model is one of the most important and widely used nonlinear statistical models to analyze dichotomous variables. In this model, the dependent variable is binary (y = 0 or y = 1), and the outcome variable has a nonlinear relationship with the independent variables. Tobit regression model is a kind of linear regression model, which is characterized by the truncation phenomenon of its dependent variable. Truncation means that some observations are not observed, that is, they are limited to a certain range of values. Tobit regression model can transform the truncated data into a probability model, and then perform statistical analysis on the truncated data.



Statistical analysis

Multimorbidity patterns as well as category affiliation of individuals were determined by performing LCA on chronic disease information from 1,721 participants. The use of LCA to identify case subclasses in multivariate categorical data can achieve excellent results (50). The statistical data and clinical significance of the various schemes were taken into account when selecting the best grouping of multimorbidity patterns.

Descriptive statistics were performed for each variable using the frequency distribution, and the differences between the two groups were compared using the chi-square test. Logistic regression model was used to analyze the influence of multimorbidity patterns and SES on the incidence of CHE. Tobit regression model was used to analyze the influence of multimorbidity patterns and SES on CHE intensity. CHE intensity was a continuous variable of no less than 0, and more than 60% of the participants had CHE intensity equal to 0, so the Tobit regression model applicable to the truncated data was utilized (51).

LCA was performed using Mplus version 8.3, and Stata version 16.0 was used for all statistical analyses. Two-sided p values of less than 0.05 were envisaged for indicate statistical significance.




Results


Sample characteristics

Of 1,721 participants, 73.39% were female. Most were in the 70–79 age group (39.45%), and more than four out of five (81.12%) lived in rural areas. About 6.16, 28.82, 28.82 and 36.20% of the subjects resided in northeastern, eastern, central and western China, respectively. Most participants (64.85%) were enrolled in NCRCMS. 89.77% received financial support from family members, and 50.49% provided financial support to family members. Nearly one-fifth (19.99%) of the subjects had difficulty in ADL. A total of 632 participants (36.72%) had CHE. The mean intensity of CHE was 0.108 with a standard deviation of 0.182 (Table 1).



TABLE 1 Incidence of catastrophic health expenditure (CHE) by sociodemographic characteristics (n = 1,721).
[image: Table1]

In identifying multimorbidity patterns, we examined class 2–5 models by LCA. The three-level model appeared to be the best-fitting model (Table 2) and showed the most reasonable clinical interpretability. Three patterns of multimorbidity were named cardiovascular class, multisystem class, and minimal disease class on the basis of the item-response probability as compared with the population average (Figure 1). The minimal disease class included relatively healthy participants with a low prevalence of 14 chronic diseases. The majority (64.73%) of the participants belonged to this pattern. The cardiovascular class includes individuals with a higher prevalence of hypertension, diabetes, heart attack, stroke, dyslipidemia, etc. About 18.54% of the participants were in the cardiovascular class. Participants in the multisystem class had a very high prevalence of 14 chronic conditions. Approximately 16.73% of the participants were in the multisystem class. In addition, the average number of chronic diseases in minimal disease class ranges is 1.781, the average number of chronic diseases in the cardiovascular class ranges is 4.282 and the average number of chronic diseases in the multisystem class ranges is 5.767.



TABLE 2 Model comparison of latent class analysis ft. in multimorbidity patterns.
[image: Table2]
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FIGURE 1
 Three-class model of multimorbidity patterns among widowed older adults.


Regarding the educational attainment of SES. Nearly half (46.31%) of the participants were illiterate. In terms of occupation type, more than half (55.20%) of the participants were unemployed. Participants who did not provide information on household income per capita were grouped into a single category. Whereas the others were divided into five equal groups from lowest to highest (Table 1).



Comparison of differences between the two groups

Gender (p = 0.006), age (p < 0.001), geographic location (p = 0.012), multimorbidity patterns (p < 0.001), education (p = 0.012), occupation (p = 0.003), household per capita income (p < 0.001) and number of family members (p < 0.001) were significant differences between the group with CHE and the group without CHE (Table 1). Among them, women have a higher incidence of CHE (38.64%). Participants with 70–79 years are more likely to develop CHE than other age groups (41.53%). Participants in the east are more likely to develop CHE than those in other regions (42.12%). Participants with fewer family members have a higher incidence of CHE. Participants in the cardiovascular disease group were more likely to develop CHE than those in other groups (48.59%). Illiterates were more likely to develop CHE than those with other levels of education (39.15%). Unemployed participants were more likely to develop CHE than those with other occupational types (40.53%). Participants with middle income were more likely to experience CHE than those with other incomes (45.45%).



Logistic regression results

We included the core independent variables, multimorbidity patterns and SES, in Model 1 and then further included all covariates in Model 2. The risk of CHE in the multi-system class and the cardiovascular class was significantly higher than that in the minimal disease class (p < 0.001). Specifically, subjects in the cardiovascular class were most likely to generate CHE (Model 1: OR = 2.134, 95% CI = 1.642–2.774; Model 2: OR = 2.025, 95%CI = 1.543–2.657), followed by multisystem class (Model 1: OR = 1.774, 95% CI = 1.355–2.323; Model 2: OR = 1.730, 95% CI = 1.308–2.290). In SES, education level of middle school and above was a protective factor for CHE (Model 1: OR = 0.621, 95% CI = 0.435–0.885; Model 2: OR = 0.669, 95% CI: 0.454–0.984), and unemployed occupation type presented a risk factor for CHE (Model 1: OR = 1.500, 95% CI = 1.170–1.923; Model 2: OR = 1.408, 95% CI: 1.075–1.844). In addition, the incidence of CHE was higher in participants aged 70 to 79 years, geographically located in the East, with other insurance type, or with a relatively small number of family members (p < 0.05, 0.01, or 0.001; Table 3).



TABLE 3 Predictors of incidence of catastrophic health expenditure (CHE): results of logistic regression model.
[image: Table3]



Tobit regression results

Both Model 1 and Model 2 showed that the intensity of CHE of the cardiovascular class (Model 1: ME = 0.060, p < 0.001; Model 2: ME = 0.051, p < 0.001) and multi-system cluster (Model 1: ME = 0.057, p < 0.001; Model 2: ME = 0.053, p < 0.001) were significantly higher than that of the minimal disease group. In SES, Education level of middle school and above (Model 1: ME = −0.040, p < 0.01; Model 2: ME = −0.030, p < 0.05), and the unemployed (Model 1: ME = 0.031, p < 0.01; Model 2: ME = 0.024, p < 0.05) had a higher CHE intensity. In addition, CHE intensity was significantly higher among participants who aged 70–79 years, geographically located in the East, had UEBMI, NRCMI or other MIs, or who had a relatively small number of family members (p < 0.05, 0.01, or 0.001; Table 4).



TABLE 4 Predictors of increasing the intensity of catastrophic health expenditure (CHE): results of Tobit regression model.
[image: Table4]



Additional information tables based on relevant results

According to the logistic and Tobit regression results, we compared the characteristics of the target population with the regional characteristics. This statistical information serves to elucidate the relative position of the selected sample within the broader population spectrum, in order to provide some reference for the formulation of relevant policies (Table 5).



TABLE 5 Comparison between target population characteristics and regional characteristics.
[image: Table5]




Discussion

This study used nationally representative CHARLS 2018 data to determine the incidence and intensity of CHE in widowed older adults in China, aiming to assess the status of multimorbidity patterns and SES influence on it. The results of this study have implications for clinical practice guidance and health policy formulation.

In this study, the incidence of CHE in widowed older adults was 36.72%, which was higher than 31.5% obtained by the study also using CHARLS 2018 data (52), and the intensity of CHE was 0.108, which was higher than the results of previous studies that did not fully focus on widowed older adults (53). This may be because the subjects of these two studies were older adults and adults, respectively, while this study narrowed the scope for older adults with widowed marital status. In addition, among the 1,721 participants in this study, 1,263 were female, accounting for about 73.39%, and 1,396 were rural residents, accounting for about 81.12%. China’s traditional family model, in which men outside the home, women inside, often still exists in these aging people, especially in rural areas (54). The death of the husband cuts off the main source of family income and reduces the economic level of widowed female older adults, which increases the possibility of CHE (39, 55–58). In addition, losing the care and companionship of a spouse is not conducive to physical and mental health, which may aggravate chronic diseases or lead to depression. In addition, China’s health resources tend to be in economically developed areas, and patients living in rural areas are therefore difficult to obtain the same level of health services (59). This may cause the deterioration of chronic diseases in rural patients with lower economic levels to be difficult to alleviate, thus making CHE occur through the continuous increase in health expenditure.

In this study, patterns of multimorbidity were identified from Chinese widowed older adults population, including the cardiovascular class, the multisystem class, and the minimal disease class. Among them, cardiovascular diseases are the biggest risk factors for CHE in subjects, followed by subjects with multi-system diseases, and they are also significant factors for the increase of CHE intensity. Studies have shown that the proportion of CHE in older adults with cardiovascular diseases in China exceeds that in developed countries, and the risk tolerance for medical payment is lower than the average level in China (60). Individuals with multiple chronic diseases are more apt to generate CHE (24). On the one hand, cardiovascular disease often requires long-term drug treatment and is a major contributor to the global economic burden of chronic diseases (61). In addition, cardiovascular diseases (such as hypertension, diabetes, and heart attacks) are associated with greater distress financing, leading households to be more inclined to borrow money or sell their property to be paid for related health costs (33, 62). On the other hand, expenditure on health care was positively correlated with the number of chronic diseases (33, 63–65), with participants in the multisystem class having higher expenditure on health care. Considering the economic level, mental status and other factors of widowed older adults, the families of patients in the cardiovascular class and the multisystem class are more likely to generate CHE and show higher CHE intensity values.

The present study found that the SES of widowed older adults people also affected the incidence and intensity of CHE in their families to some extent. There are related studies that also prove that CHE is related to SES (53, 66, 71). In this study, in terms of educational attainment, participants with middle school and above education had a lower probability of developing CHE. It may be because older adults with higher education level have stronger awareness of risk prevention, can effectively prevent the occurrence of chronic diseases (48), reduce their own economic burden of disease, and thus have a lower incidence of CHE. In terms of occupation type, CHE was more likely to occur in households of participants who were unemployed. It has been found that the families of unemployed older adults are more likely to generate CHE compared with agricultural workers, being consistent with the results of this study (67). The unemployed widowed older adults may have lost all economic sources. If there are no other family members in the family, the disease burden will bring significant negative effects on their economic level and quality of life, thus causing the occurrence of CHE. In terms of the number of family members, the higher the number, that is, the larger the household size, the lower the probability of CHE generation in older adults households. Similar studies have found that the family size of cancer patients is negatively correlated with the incidence of CHE (66), which is generally consistent with the results of this study. This may be due to the fact that more family members have more financial sources, daily care and spiritual support, and can effectively prevent and alleviate chronic diseases, so their incidence of CHE is lower.

This study showed that widowed older adults people aged 70–79 years, geographically located in the eastern region, and with other types of medical insurance were more likely to generate CHE, and the intensity of CHE is higher. There are regional differences in the allocation of medical and health resources in China, and the eastern regions with relatively developed economies have higher access to high-quality medical and health services (68). However, due to the low accessibility of medical and health services in other areas, it is therefore difficult to meet the medical service needs of patients, so that patients tend to produce a lower OOP medical expenditure (69, 70). China’s current medical insurance system has lowered the threshold for vulnerable groups to use medical and health services. However, it has not effectively alleviated the economic burden of disease of widowed older adults. When vulnerable groups can enter the threshold of medical and health services, OOP medical expenditure is generated. Even if this expenditure is relatively small, it has occupied a large proportion of the total family expenditure for them, which is likely to result in the occurrence of CHE and even produce high CHE intensity. It can be seen that China’s medical insurance system still have the shortcomings of insufficient policy protection in alleviating the economic burden of diseases in widowed older adults group.


Limitations and strengths

This study has certain limitations. First of all, the information on income, expenditure and chronic diseases in CHARLS data are self-reported, which may affect study results due to recall bias or undiagnosed chronic diseases. Second, the database used in this study did not include a large enough number of chronic diseases, which may affect the classification results of multimorbidity patterns. Third, the perspectives considered in this study are limited, and factors such as depression assessment and social capital can be incorporated into future studies. Fourth, this study utilized a cross-sectional design, and the conclusions are not causal.

This study also has certain strengths. First, LCA was used to identify the multimorbidity patterns of Chinese widowed older adults, which can provide a reference for the comprehensive treatment plan in clinical practice. Second, there are two indicators to measure CHE in this study, and logistic and Tobit regression are used to analyze the results separately, which makes the results robust. Thirdly, this study found out the characteristics of people who are more likely to develop CHE, which provides a basis for the government to formulate relevant plans to resist CHE risk.




Conclusion

According to nationally representative CHARLS 2018 data, we found that the incidence and intensity of CHE in widowed older adults were 36.72% and 0.108, respectively. Regarding multimorbidity patterns, we found that the incidence and intensity of CHE were higher in both the cardiovascular class and multisystem class than in the minimal disease class. Regarding SES, we found that the incidence and intensity of CHE were lower in the group with higher education level than in the illiterate group. The incidence and intensity of CHE were higher in unemployed than in agricultural workers. In addition, several mainstream medical insurance types did not effectively reduce the incidence and intensity of CHE, and those who chose other medical insurance had higher incidence and intensity of CHE than those who did not have medical insurance. Therefore, firstly, it is proposed to carry out the popularization of chronic disease knowledge on a large scale to prevent the occurrence of multimorbidity or slow down the deterioration of existing chronic diseases. Second, the amelioration and improvement of the medical insurance system and medical service institutions should increase the benefits to widowed older adults group, such as providing specific medical assistance plans for widowed older adults with cardiovascular diseases or multisystem diseases, and reasonably adjusting the detailed classification and payment scheme of the beneficiaries of medical insurance. Third, China’s health sector reform has achieved some results, but protecting vulnerable populations from health care-related poverty remains an ongoing challenge. Finally, relevant policies should also pay extra attention to groups of widowed older adults who have at least one of the following characteristics: the age range is 70–79 years, the geographical area belongs to the east, and the number of family members is small.
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