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Background: To alleviate the rising mortality burden due to hypertension and other non-communicable diseases, a new public health policy initiative in 2009 called the Basic Public Health Services (BPHS). Program was introduced by the Chinese government. The goal of the study is to assess the feasibility and impact of a nationwide health care service—the “BPHS”.

Methods: From January to December 2021, a stratified multistage random sampling method in the survey was conducted to select 6,456 people from 8 cities/districts in Yunnan Province, China, who were above the age of 35 years. 1,521 hypertensive patients were previously aware of their high blood pressure status were matched to the BPHS program database based on ID number and then further divided into BPHS group and non-BPHS (control) group. The results of the current study are based on their responses to a short structured questionnaire, a physical examination, and laboratory tests. The association between BPHS management and its effect on the control of hypertension was estimated using multivariable logistic regression models. We evaluated the accessibility and efficacy of BPHS health care services by analyzing various variables such as blood pressure, BMI, lifestyle modification, anti-hypertensive drugs taken, and cardiovascular risk factors.

Results: Among the 1,521 hypertensive patients included in this study, 1,011 (66.5%) were managed by BPHS programme. The multivariable logistic regression model demonstrated that the BPHS facilitated hypertension control (OR = 1.640, 95% CI: 1.237–2.175). A higher proportion of participants receiving lifestyle guidance from the BPHS management showed lowering of total cholesterol. In comparison to the non-BPHS group, those under BPHS management adhered better to antihypertensive medications either single drug (54.3%) or in combination (17.3%) of drugs. Additionally, we also noticed that urban areas with centralized and well-established digital information management system had better hypertension treatment and control.

Conclusions: Nearly two-thirds of the hypertensive patients in Yunnan Province were included in BPHS management. The impact of the national BPHS program was evident in lowering risk factors for cardiovascular diseases, promoting healthy lifestyles, lowering blood pressure, increasing medication adherence, and the better control rate of hypertension.
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Introduction

The number of people with hypertension increases from 650 to 1.28 billion worldwide from 1990 to 2019 in the age group of 30–79 years (1). Hypertension has become the major cause of premature mortality and cardiovascular disease (CVD) globally (2). The Global Burden of Disease Study reported that hypertension was the primary risk factor for all deaths globally, accounting for 19.2% (10.8 million) of all mortality worldwide in 2019 (3). About 245.5 million people are affected by hypertension in China (4), and hypertension is estimated to cause 2.54 million deaths in 2017, with 95.7% of these deaths being due to CVD (5).

Controlling blood pressure to a normal state reduces the risk of cardiovascular events and all-cause mortality (6–8). The trend of cardiovascular disease will be directly impacted by how hypertension is managed in primary medical and health organizations (community health centers, township health centers, and village clinics) (9). Global studies have demonstrated that primary health care (PHC) was better effective in hypertension management and improved blood pressure control (10–14).

In 2009, China's new healthcare reform introduced the “National Basic Public Health Service Program” (BPHS), which provides free of cost health services throughout the country by partnering with community health organizations. The management of hypertensive patients aged 35 and over was one of the 12 kinds of voluntary free services contents in BPHS (15, 16), including screenings, lifestyle guidance for hypertensive patients, at least four in-person follow-up visits per year, risk factor intervention, health education promotion, health examination, referral services, guidance on the use of antihypertensive medicine, and personal health record establishment (17, 18). With BPHS, 35.1% of hypertensive patients have received four or more follow-up assessments in the past 1 year (19), uncontrolled hypertension was reduced by 26% (20). However, most of the earlier studies on being covered by BPHS were self-reported by participants, and focused on the rate of service delivery from primary doctors (21, 22), patient service satisfaction (23, 24) and the community health management rate of hypertensive patients (25, 26). Previous studies also showed a low prevalence of combination therapy and limited compliance with hypertension drug treatment (27, 28). Additionally, the hypertensive control rate is only 15.3% in China (4), and more than 50% of hypertension patients had multiple CVD risk factors, which can affect hypertension control (27, 29).

This study comprehensively evaluated the BPHS hypertension management in Yunnan Province, a relatively economically backward in southwest China. Hypertensive patients who were aware of their high blood pressure from a representative sampling survey and BPHS system matched, to compare matched BPHS group and unmatched non-BPHS groups' coverage and current hypertension status, CVD risk factors, management and effectiveness, blood pressure control rate and antihypertensive drug use, etc. This study supports the World Health Organization's (WHO) suggestion that developing nations should increase their access to management-controlled hypertension-related healthcare services (30). Rarely are there extensive comparisons of BPHS and non-BPHS groups' effects on hypertension management based on unique ID matching published.



Methods


Study design and sampling procedures

The survey was conducted in Yunnan province from January to December 2021, and samples were chosen using a stratified multistage random sampling method. As shown in Figure 1, all 129 counties and districts were separated into urban and rural sectors in the initial phase. The probability proportional to size (PPS) sampling was used to choose four districts in the urban areas (namely, Guandu, Zhaoyang, Mengzi, and Dali) and four counties in the rural areas (namely, Chengjiang, Anning, Xinping, and Dayao). Then, two neighborhoods or two townships were randomly sampled in each district or county, respectively. Later, three residential committees or villages were randomly selected within each neighborhood and township, respectively. Finally, 9,600 individuals aged ≥18 years were selected from each chosen residential committee or village by the SRS method after considering the sex and age composition.


[image: Figure 1]
FIGURE 1
 The Hypertension survey procedure of sampling. PPS, probability proportional to size; SRS, simple random sampling.


The target population for BPHS hypertension management is patients who are residents of the jurisdiction aged 35 years and older (17), so we excluded those who did not meet this age. Yunnan Province has established the BPHS electronic case system and hypertension case management package, and patients' follow-up information has been uploaded to the database by primary care physicians based on the patient's unique ID card. Among the population aged ≥35 years 1,521 hypertensive patients who know their high blood pressure status, the unique ID number was matched with the BPHS electronic system, of which 1,011 patients were matched and included in BPHS hypertension management and 510 patients were not included, who were allocated to non-BPHS group (Figure 2).


[image: Figure 2]
FIGURE 2
 Flowchart of the participant selection process. BPHS, basic public health services.




Data collection

After receiving sufficient training, the medical staff will serve as the investigation team, using a unified work plan and investigation equipment. After informed consent, basic information was gathered via face-to-face short structured questionnaires that included details of their socio-demographics like age, gender, ethnicity, place of residence, educational attainment, occupation, annual household income, and wellness behaviors like smoking, drinking, dieting, exercising, and finally about hypertension perse like the history of hypertension, treatment followed from the time of diagnosis. Additionally, we measured height with RGZ-160 measuring instrument (Jiangsu Suhong Medical Instruments Co., Ltd., Jiangsu, China), and body weight was measured with an InBody H20B (InBody Co., Ltd., Seoul, South Korea) removing shoes, hats, coats, or weight in pockets. Body mass index (BMI) is a person's weight (kg) divided by the square of height (m) (31).

Diastolic blood pressure (DBP) and systolic blood pressure (SBP) were measured in the right upper arm using an OMRON HBP-1,300 (Omron Healthcare Co., Ltd., Kyoto, Japan) at 5 min intervals; three readings were recorded and the average of the three measurements was used for this study. In the meantime, participants were asked to fast for more than 8 h before collecting 8 ml of blood samples for cryopreservation and then sent to Beijing ZhongtongLanbo Medical Test Laboratory for measurement of triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and total cholesterol (TC). The findings and readings were recorded on the iPad in specially designed survey tables (see Supplementary File 1), and the investigation process was summarized in Supplementary File 2 and Supplementary Video.



Definition

According to the 2018 Chinese Guidelines (29) and 2020 International Society of Hypertension (ISH). Global Hypertension Practice Guidelines (27), hypertension was defined as mean SBP ≥140 mm Hg and/or mean DBP ≥90 mm Hg, or self-reported use of blood pressure control drugs in the past 2 weeks. Hypertension control was defined as mean SBP <140 mm Hg and DBP <90 mm Hg (29). The antihypertensive drug classification was also consistent with the guidelines. Based on the Chinese guidelines on prevention and treatment of dyslipidemia in adults (32), defined high TG, high TC, high LDL-C, and low HDL-C as ≥2.26, ≥6.22, ≥4.14, < 1.04 mmol/L, respectively.

People who smoked more than one cigarette per day for more than 6 months were considered “current smokers” (33). Participants drinking alcohol at least once a week were classified as “current drinkers” (34). <150 min of moderate-intensity physical activity per week was defined as insufficient physical activity (35). Participants who consumed an average of <400 g of fruits and vegetables per day were insufficient intake (36). According to the recommended criteria for obesity in Chinese (31), overweight was defined as a person's BMI between 23 and 24.9 kg/m2, obesity was a BMI of 25 kg/m2 and above. Risk factors for cardiovascular disease (CVD) as per 2020 ISH Guidelines (27) were people who smoke, drink, don't eat enough vegetables and fruits, don't get enough exercise, are overweight, or are obese.



Statistical analyses

All statistical analyses use IBM SPSS 22.0 (SPSS Inc., New York, NY, USA). Categorical variables from the BPHS and non-BPHS groups were presented as numbers (proportions), and differences between groups were compared using the chi-square test or Fisher's exact test. Mean ± standard deviation (SD) and t-tests were used for normally distributed continuous variables. Four indicators of blood lipids (TG, TC, HDL-C, and LDL-C) were skewed distribution data by Kolmogorov-Smirnov test, described by median and inter quartile range, and the differences between groups were tested by Wilcoxon rank sum test.

Eleven characteristic variables as age (35–44, 45–54, 55–64, and ≥65 years), residence (urban and rural), gender (male and female), ethnicity (Han or other minorities), annual household income (<4,487 USD/year, ≥4,487 USD/year), education attainment (elementary school and below, junior high school and above), current smoker (yes or no), current drinker (yes or no), insufficient vegetable and fruit intake (yes or no), insufficient physical activity (yes or no), overweight and obesity (yes or no) were compared between the two groups.

The ggplot2 package of R 4.0.5 (The R Project for Statistical Computing, Vienna, Austria) was used to construct the visible distribution of blood pressure and a stacked column chart of “controlled with treatment”, “treated but not controlled”, and “diagnosed but untreated”. Unadjusted and full adjusted binary logistic regression models were conducted to assess the association between hypertension control with BPHS, the first model did not adjust for potential influencing factors. Next, second model was performed to adjust for potential influencing factors, including age, gender, ethnicity, residence, household income and educational level. Then, the odds ratio (OR) and 95% confidence interval (CI) were estimated. All tests were two-sided and p < 0.05 was considered statistically significant.




Results


General description of participants

The mean age of the 1,521 hypertensive patients was 62.6 ± 12.6 years old, with 737 men (48.5%) and 858 people living in urban areas (56.4%), 1,118 Han people (73.5%), 1,104 people (72.6%) with an annual family income of <4,487 USD/year, and 898 people (59.0%) with primary school education or below (Table 1).


TABLE 1 Socio-demographic characteristics and distribution of CVD risk factors between the BPHS and non-BPHS groups in Yunnan, China.

[image: Table 1]



Demographic and CVD risk factors differences between the BPHS and non-BPHS groups

1011 (66.5%) and 510 (33.5%) hypertensive patients came from the BPHS and non-BPHS groups. Hypertensive patients included in BPHS management were more likely to be older, female, non-Han Chinese, and had lower family economics and literacy (all p < 0.05). Furthermore, the BPHS group had a lower proportion of current smokers and their consumption of fruits and vegetables was inadequate (all p < 0.05).



Blood pressure

As shown in Table 1, those who received BPHS management had significantly lower SBP and DBP than those who did not (p < 0.001), the average SBP was (146.8±18.8 vs. 149.7 ± 19.1) mm Hg, and DBP (85.7 ± 12.5 vs. 91.2 ± 12.7) mm Hg, respectively (all p < 0.05). The non-BPHS group showed greater variation in SBP and DBP distribution than the BPHS group (Figure 3). Furthermore, more than half of the patients did not receive antihypertensive medication in the non-BPHS group.


[image: Figure 3]
FIGURE 3
 Distribution of DBP (A), SBP (B) by BPHS and non-BPHS groups, in Yunnan China.




Control of hypertension

The BPHS group indicated higher hypertension control rate (33.2%) than the non-BPHS group (22.2%) shown in Table 2. Furthermore, model 1 (did not adjusted for independent variables), and model 2 (adjusted confounding variables) all showed a significantly higher hypertension control rate from the BPHS group (OR = 1.640, 95% CI: 1.237–2.175). Regardless of the age, those who received BPHS management had higher rates of hypertension control, as shown in Figure 4.


TABLE 2 Unadjusted and adjusted models: association of BPHS with control of hypertension.

[image: Table 2]
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FIGURE 4
 Hypertension control rate by age between the BPHS and non-BPHS groups.




Comparison of BPHS and non-BPHS group lifestyle modification services and lipid levels

Among those hypertensive patients enrolled in BPHS, the percentages who had received lifestyle modification services on salt reduction guidance, regular physical activity, weight reduction, smoking cessation, alcohol restriction, and stress reduction guidance services were 89.5, 86.9, 84.6, 83.8, 84.1, and 81.3%, respectively, both higher than the non-BPHS group, with 81.7, 79.2, 77.4, 78.7, 78.3, 72.9%, respectively (chi-square test, p < 0.05) (Figure 5).


[image: Figure 5]
FIGURE 5
 Hypertension patients received lifestyle modification services among BPHS and non-BPHS groups in Yunnan China.


Further analysis proved that patients with BPHS had lower TC after receiving weight reduction guidance, smoking cessation guidance, and alcohol consumption restriction guidance than those who did not receive such services. In addition, patients who received weight loss, smoking cessation, alcohol consumption restriction, and stress guidance also had lower HDL-C, however within the normal range. No significant differences were observed in TG and LDL-C levels between those who received lifestyle modification services and those who did not (Table 3).


TABLE 3 Differences in blood lipid measurements among patients included in the BPHS group.
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Treatment patterns and hypertension control rate

In Table 4, among 1,011 hypertensive patients included in BPHS management, 724 (71.6%) took medication, 549 (54.3%) chose monotherapy, and 175 (17.3%) used a combination of antihypertension drugs. All the treatment proportions were higher than the patients without BPHS coverage. In patients without taking antihypertensive medication, the control rate was higher in the BPHS group compared with the non-BPHS group (26.1 vs. 9.8%, p < 0.001).


TABLE 4 Number of antihypertensive medications used and hypertension control rate between the BPHS and non-BPHS groups.

[image: Table 4]



Blood pressure management status distributions among subjects

A lower blood pressure control rate was observed from male patients aged 65 years and above, especially at Dayao, Xinping, Anning, and Chengjiang counties in rural areas. In general, it was observed that, there was a higher prevalence of hypertension treatment and better control among women than men. Patients with hypertension of any gender who are older than 65 can access antihypertensive medications and have better control over their condition. There is no significant difference noticed between subjects with different income levels among the groups of “diagnosed but untreated,” “treated but not controlled,” and “controlled with treatment.” (Figure 6).


[image: Figure 6]
FIGURE 6
 Distribution of blood pressure management status of hypertensive patients in Yunnan.





Discussion

This study showed the status of BPHS coverage and the effectiveness in the management of hypertensive patients in Southwest China (Yunnan Province) was corroborated by provincial-specific investigation results. Patients' ID in the survey matched with the BPHS system and found that 66.5% of hypertensive patients were included in BPHS and received related management services. The accessibility of BPHS for hypertensive patients in Yunnan Province was higher than the national accessibility rate (26). BPHS in this province is a patient-centered system which has access to multiple medical databases (including medical institution outpatient and inpatient case databases, electronic medical examination records, etc.) and is thence based on individual care. Due of this well-organized system, more hypertensive patients will be identified proactively compared to other provinces. In the event a patient is identified as hypertensive by the system, a primary care physician will provide continuous BPHS management services. However, the BPHS accessibility rate was found to be lower than that in China's developed regions (90%) (37), as Yunnan province in southwest China has a relatively backward economy, 94% of its terrain is alpine, and 33% of its population is ethnic minority, which could be a plausible reason for relatively low BPHS access. The community uses BPHS or a comparable information system to compile data on daily medical services provided to the community, hypertension management and treatment results are yet to be improved with limited resources. In order to effectively treat all patients with hypertension, particularly in rural and remote regions of low-income provinces in southwest China, there is a need to enhance access to public and primary health services for these patients (12, 38). It is imperative that this regional gap in BPHS be addressed with utmost importance and urgency.

Uncontrolled hypertension may result in ~24,914,000 years of life lost and 28,657,000 quality-adjusted life years lost in 1.7 million Chinese adults (39). Therefore, it is dire and imperative to ensure widespread BPHS accessibility and coverage. In addition, hypertensive patients have multiple risk factors (27, 40), and multiple cardiovascular disease risk factors will proportionately increase the risk of coronary artery, cerebrovascular, and renal disease (27, 29). An important part of BPHS is to assist with interventions of modifiable risk factors for hypertensive patients, including salt reduction, regular physical activity, weight reduction, smoking cessation, alcohol restriction, and reduction of psychological stress, consistent with the global practice guidelines developed by ISH (27), American College of Cardiology (41) and with the support of extensive research evidence done on hypertension (8, 42–46). We also found hypertensive patients in the BPHS group had lower rates of smoking and drinking. Furthermore, as one of the indicators of the level of cardiovascular risk (29), patients included in BPHS management were beneficial in reducing TC after receiving lifestyle modification services. In comparison, the BPHS group had greater percentages of overweight and obese people, smokers, alcoholics, insufficient exercisers, and insufficient consumers of vegetables and fruits. All these are attributable to high lipids. At the same time, challenges remained as 42% of doctors in China's township health centers have only a college degree or less in 2018 (39). The average village clinic in Yunnan Province has two doctors who are required to provide daily consultation services and regular primary health care services for villagers, including the management of 180 hypertensive patients (7). These primary health care providers were faced with a heavy workload and had to compromise on quality in order to meet the quotas set by provincial Basic Public Health Services (18). Even though BPHS improved the service results, it still could not keep up with the fluctuating demand (18). The promotion of lifestyle modifications among high-risk populations under the guidance of BPHS in Yunnan Province has to be further enhanced, undoubtedly.

The study also found, in the BPHS group, 71.6% of hypertensive patients used antihypertensive medication (vs. non-BPHS 45.9%), which was higher than the national treatment rate of 61.3% (12). It may be related to the fact that the BPHS system in Yunnan Province has linked multiple medical electronic databases, benefiting from the management of more patients. Such patients receiving more BPHS accessible health education services, a better awareness of their health, and improved medication adherence, similar to the study in Zhejiang Province and Jiangsu Province in China (25, 47). Moreover, 17.3% of the BPHS patients used a combination of antihypertension drugs (vs. non-BPHS 8.6%), which has facilitated blood pressure control to normal in patients in the BPHS group. However, there is still room for improvement in the BPHS, as evidenced by the fact that in Yunnan Province especially in rural districts, only 39% of antihypertensive drug users had visited a doctor or taken medication in the previous 3 months (48).

Generally, the control rate of hypertension is the standard for evaluating the effectiveness of interventions, resulting in effectively preventing or delaying the occurrence of stroke, myocardial infarction, heart failure, renal insufficiency, and other complications (29). Our study revealed that the BPHS group had a significantly higher control rate, and the multivariate regression analysis found the BPHS group has a 4.8 times more likely chance of having a high blood pressure control rate than the non-BPHS group (OR = 1.640, 95% CI: 1.237–2.175). Moreover, in comparison with hypertensive patients in the non-BPHS group, the hypertension control rate for all ages among those who received BPHS management was significantly higher. Those who participated in BPHS management (26.1%) had a higher control rate than those who did not include in BPHS management (9.8%) despite untreated with hypertension medication, which may be explained by the blood pressure monitoring, risk factor intervention and referral services provided by primary care physicians in BPHS. The results also supported earlier studies indicating that in Yunnan province, women were more aware of and controlled their hypertension than men (48). Besides, hypertensive patients under 65 more unlikely being managed by BPHS in rural areas. It suggests the importance of early screening of younger patients and makes BPHS more capable of providing for the concerns of the younger population to control the morbidity of hypertension at a very early stage. The fact that more than half of our subjects had completed middle school or less and 76.3% of them had household incomes of <USD 4487/year illustrated the validity of the BPHS, the critical role it plays in early screening, prevention and control of hypertension in areas with limited resources, and the ability to share the experience with other developing nations.

Limitations include the design method in this survey, this might not substantiate causation, particularly the link between the services offered by the BPHS program and the management of hypertension without these services. Recall bias can also be a challenge with self-reported data. Some subjects lacked information, such as height or weight, which can skew the data. Therefore, information collection and interpretation of risk factor changes should be conducted with utmost care.



Conclusions

Since its launch in 2009, the BPHS program run by provincial authority healthcare providers has made a substantial contribution to bettering hypertension management and balancing access to healthcare across inhabitants of urban and rural areas as well as among various socioeconomic strata.

Results showed that program participants kept healthy lifestyles, had lower blood pressure, higher control rate of hypertension, and took their medications more consistently, which could account for some of the benefits of this program. In districts or counties with fully operational digitalized and centralized data management systems, it was easier to include the participants compared to “non-matched ID” in rural areas, therefore health information management may further be improved to address this limitation in rural areas. In order to better diagnose and treat hypertension at its early stages, a customized program has to be designed to cater to the requirements of hypertension control in the younger population through the BPHS program.
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