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Background: Launched in 2009, China’s National Essential Public Health Services Program (NEPHSP) has been broadly imple-
mented throughout the country. However, rigorous evaluations of its impact on chronic disease outcomes remain limited.
Hypertension, being one of the major noncommunicable diseases targeted by the program, provides an important case study for
assessing its effectiveness.

Methods: We used longitudinal data from the China Health and Retirement Longitudinal Study (CHARLS) from 2011 to 2018 to
evaluate the impact of receiving NEPHSP-covered services (from 2015 onward) on hypertension management. A difference-in-
difference approach with two-way fixed effects was used on a cohort of 774 hypertensive adults to estimate changes in health and
socioeconomic outcomes associated with NEPHSP coverage.

Results: NEPHSP participation contributed to significant increases in hypertension control (9.8%; 95% CI: 2.7-16.9%; p<0.01)
and treatment rates (9.9%; 95% CI: 3.8-16.1%; p<0.01). It also increased inpatient admissions by 0.17 per year (95% CI:
0.03-0.31; p<0.05). No significant effect was found on outpatient visits. In addition to clinical benefits, involvement in NEPHSP
was linked to a 5.4% reduction in the Engel coefficient (95% CI: 1.2-9.6%; p<0.05), indicating improved household economic
well-being. These impacts were more pronounced among younger adults and urban residents, highlighting disparities across
subpopulations.

Conclusion: The findings provide evidence that NEPHSP has improved hypertension management and household economic well-
being. To further maximize these gains, future policy refinements should focus on adapting services to the specific needs of older age
groups and other less-responsive subpopulations to ensure universal health equity.
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Introduction

Hypertension, the most common chronic disease, is still the main cause of cardiovascular disease (CVD) and mortality
worldwide." In 2019, it was reported that approximately 1.28 billion adults worldwide, aged 30 to 79 years, have been
diagnosed with hypertension, representing roughly 32 to 34% of the global population.” The prevalence of hypertension
among adults aged 18 to 69 years in China increased from 20.8% in 2004 to a peak at 29.6% in 2010, and then fell to
24.7% by 2018.° Even with these changes, controlling high blood pressure is still very important. In the survey between
2016 and 2017 conducted in China, only 77.5% of diagnosed individuals received treatment, and merely 26.6% achieved
hypertension control.* Another recent study’ showed that in China the weighted prevalence of hypertension in
2021-2022 was 31.6%, representing a significantly absolute increase of 8.4% from 2012-2015 to 2021-2022.
Similarly, according to the latest annual report in China on CVD® in 2023, a total of 50.37 million hypertension-
related admissions were recorded, accounting for 65.8% of all CVD-related admissions.

The Chinese government started the National Essential Public Health Services Program (NEPHSP) in 2009’ to help
with the growing problem of high blood pressure and other common chronic diseases and to make sure that all residents
have equal access to basic healthcare services that are of good quality and protect them from financial risk. Starting in
2009, the NEPHSP was funded by a government subsidy of 15 yuan (about US $2.14) per person. Its main goal was to
make sure that everyone had fair access to basic healthcare services and to protect people from having to pay for health-
related costs. This was a key step toward achieving universal health coverage (UHC). The program includes a wide range
of preventative services such as routine screening, physical examination, health education, and regular follow-up
consultations to monitor their condition.* The initial version of NEPHSP established standards for managing health
records, health education, and specific health management for key demographics including children aged 0—36 months,
pregnant and postpartum women, the elderly, and patients with conditions such as hypertension, diabetes, and severe
mental illnesses.” This program offers free annual blood pressure measurements for all permanent residents aged 35 years
and older, with additional monitoring and lifestyle interventions for those over age 55 years or at higher risk due to
factors such as obesity, family history of hypertension, or poor lifestyle choices. The hypertension management program
of the NEPHSP exhibits low coverage, as evidenced by the standardized management rates for hypertensive patients,
which were recorded at 77.4% in 2013, 79.4% in 2015, and 75.6% in 2018.'° Even though many studies have looked into
the benefits of better coverage for managing high blood pressure, there is not much real-world evidence yet, highlighting
the imperative for a comprehensive evaluation of its efficacy in this subsequent period.

Yet, the significance of NEPHSP extends beyond clinical metrics. To fully understand its value, we must situate the
program within the broader context of China’s social welfare reforms. Since these reforms aim to enhance quality of life
and reduce socioeconomic disparities. By offering free preventative services to underserved populations, NEPHSP
potentially alleviates the household financial burden associated with chronic diseases to make it easier for them to get
basic health management and preventative care.'' Therefore, a comprehensive evaluation must examine the program’s
spillover effects on broader welfare indicators, specifically household consumption structure such as the Engel
coefficient.

At present, research on the effects of NEPHSP coverage in China can be primarily classified into qualitative and
quantitative assessments. For qualitative evaluations, related studies have predominantly focused on descriptive analyses
and cross-sectional studies across regions, which have broadly introduced the utilization of NEPHSP and associated
health expenditures.'* '* These studies, which usually have a lot of data, offer useful information, but they often do not
show how policies change and take effect over time.

A limited number of studies have quantitatively evaluated the effects of NEPHSP. These studies have shown that
NEPHSP improves hypertension management outcomes, including blood pressure control, medication adherence,
healthcare utilization, and lifestyle behaviors such as reduced alcohol consumption and increased physical activity
using quasi-experimental designs including interrupted time series and difference-in-difference approaches.”'>™!”
However, studies related to the socioeconomic well-being of NEPHSP coverage have focused primarily on inpatient out-
of-pocket costs and outpatient out-of-pocket costs. While out-of-pocket costs are a crucial metric of financial protection,
they do not capture the broader economic well-being of a household. If salaries are also going down, lowering medical
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costs may not lead to better overall living standards.'® The Engel coefficient, which looks at how much of a household’s
income goes to food, is a better way to measure how well a household can handle economic shocks and how much
money it has to spend on things that are not necessary, supported by empirical evidence.'”° Furthermore, while the
majority of current studies primarily focus on the effects of the NEPHSP on hypertension patients before 2015, there
exists a significant deficiency in research evaluating its influence on hypertensive individuals subsequent to this time-
frame. After 2015, NEPHSP constantly made changes and upgrades to keep up with the changing public health situation.
Specifically, in 2015, the per capita funding allocated to village doctors for implementing basic public health services was
increased by 5 yuan, a policy change aimed at incentivizing greater engagement from village healthcare providers.?' This
financial incentive was meant to help close the gap between pay and the growing responsibility of managing public
health. We believe that giving village doctors more money would encourage them to do better follow-ups for chronic
diseases and get more people to get health screenings, which would make people trust and use village-level healthcare
more.”>** These changes probably brought forth new ways to stop, find, and manage high blood pressure. Consequently,
it is imperative to conduct a study to ascertain if NEPHSP coverage can enhance hypertension management, medical care
utilization, and the socioeconomic well-being of households affected by hypertension, thereby guiding health policy and
optimizing the efficacy of intervention programs.

This study utilized individual-level data from the CHARLS and adopted a quasi-experimental research design to
investigate the influence of NEPHSP coverage on hypertension management, medical care utilization and household
socioeconomic well-being with hypertensive patients. The key contributions of our study are as follows: (1) We
employed a two-way fixed-effects model, effectively adjusting for both time-invariant and observable variables to reduce
biases and improve the reliability and validity of findings on the NEPHSP’s effectiveness. (2) We have expanded our
analysis beyond conventional health metrics to encompass an evaluation of the impact on healthcare resource utilization
and socioeconomic well-being, facilitating a more profound assessment of the NEPHSP coverage as a socioeconomic
initiative with extensive implications for societal welfare. (3) Our study offers insights into the varying effects of
NEPHSP coverage by thoroughly analyzing data from various demographics and regions. This helps identify areas of
success and those that need more attention, which can help guide policy changes and resource allocation.

Materials and Methods

NEPHSP Implementation Timeline

The NEPHSP, started in 2009 as a key part of China’s healthcare reform, went through three editions. Its main goal was to
create a standard framework for basic public health services. The first edition of the National Basic Public Service
Specifications included 41 service items in 9 categories, such as managing health records, giving vaccines, and providing
maternity and child health services. This edition’s goal was to test the framework’s viability and applicability through pilot
programs in a few areas.”* After that, the program grew from 2012 to 2015. The second edition of the service standards were
out in 2011. It included 55 elements in 14 categories to the service package. The main goal was to expand services to all
provinces, with a focus on rural and underserved areas. In 2016, 85.46% of people had access to electronic health records,
and 55.11% of people used them.>**> The third phase, which started in 2017, grew from 41 products in 9 categories in 2009
to 55 items in 14 categories in 2017.2° A schematic diagram is shown in Figure S1.

Data Description

We used data from the CHARLS, a nationally representative survey of Chinese adults aged 45 years and older.”’ Initiated
in 2011, the study has conducted multiple waves of data collection, providing a comprehensive temporal analysis of
health and retirement patterns. CHARLS employs a multistage stratified sampling method that is probability-proportional
to size, guaranteeing representation of China’s varied regions. The sampling process involves randomized selection from
county-level units throughout China, excluding Tibet, progressing to the selection of households and individuals aged 45
and above, along with their spouses. CHARLS encompasses a broad spectrum of subjects, collecting comprehensive data

on demographics, health issues, chronic illnesses, healthcare usage, work status, and household economic situations.
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In our study, we used data from 2011 to 2018 waves, with their harmonized data respectively to evaluate the impact of
receiving NEPHSP-covered blood pressure measurements on hypertension management, medical care utilization and
household socioeconomic well-being indicators among hypertensive patients since 2011. Due to the impact of COVID-
19 in 2020, we observed that the 2020 wave questionnaire no longer included questions to identify individuals receiving
blood pressure assessments covered by NEPHSP. Therefore, we did not include the 2020 wave data in our research.

Research Design

This study employed the DID approach, a quasi-experimental framework widely used to examine causal effects in public
health studies.?® The DID approach estimates the causal effect of an intervention by comparing changes in outcomes over time
between an intervention group and a comparison group, thereby controlling for unobserved time-invariant confounders and
common temporal trends affecting both groups.?’ In this study, the intervention consisted of blood pressure measurements
covered by the NEPHSP. The construction of this variable is further explained in the “Independent variables™ section.

The study sample selection process is summarized in Figure 1. First, we identified all individuals who participated in
four waves (2011, 2013, 2015, and 2018) to ensure the construction of a balanced panel data. It should be noted that the
fourth wave of data was collected in 2018 instead of 2017 due to adjustments in the official fieldwork schedule. Second,
participants who had received NEPHSP-covered blood pressure measurements before 2015 were excluded from the study
to ensure the intervention group consisted solely of individuals newly exposed to the NEPHSP after 2015. Third,
participants diagnosed with hypertension in 2011 wave were included in the study. Hypertension was defined as meeting
one of the following criteria: (i) having an average systolic blood pressure of 140 mmHg or higher, (ii) having an average
diastolic blood pressure of 90 mmHg or higher, or (iii) with current use of antihypertensive medications (both Western
and traditional Chinese medications) for hypertension management, consistent with WHO guidelines.*° It is important to
note that for participants who had eaten, smoked, consumed alcohol, or performed vigorous physical activity within
30 minutes before blood pressure measurements, we marked their blood pressure data as missing, as these activities could
interfere with the accuracy of the measurements. Finally, individuals with missing values on key variables were excluded
from the study. The estimation of Engel coefficients and control rate utilized unbalanced panel data due to a high volume
of missing variables. The final analytical sample included 774 participants (3,096 observations in total) who had
completed all surveys and provided data for the primary study variables. For more details about the missing data and
statistical power analysis, please refer to Supplementary materials B and Table S1 for more details.

Measurements

Dependent Variables

The study assesses changes in the hypertension control rate, hypertension treatment rate, inpatient admissions, outpatient
visits and household Engel coefficients among this cohort between 2015 and 2018. Aligning with previous studies,”'>"”
hypertension control status was defined as having either (1) an average systolic blood pressure below 140 mm Hg and an
average diastolic blood pressure below 90 mm Hg, based on blood pressure measurements from 2011 to 2015 (Not
assessed for 2018 due to data unavailability), or (2) a self-reported positive response to the question “Is your blood
pressure generally under control?”. Respondents meeting either of these criteria were considered to have controlled
hypertension. The treatment rate was characterized as the proportion of respondents who indicated that they utilized
medication or other interventions to manage hypertension in the waves 2011 to 2018. In 2011, 2013 and 2015, we
employed the question “Are you now taking any of the following treatments to treat or control your hypertension?
(Check all that apply) Taking Chinese traditional medicine, taking Western modern medicine?” to assess the medication
usage status of respondents. To evaluate people’s health awareness, utilizations of medical care were assessed using
outpatient visits and inpatient admissions. Outpatient visits were defined as the answer of “How many times did you visit
any medical facility last month?”. Inpatient admissions were defined as the answer of “How many times did you receive
inpatient care over the past year?”. However, medical care utilization is influenced not only by health awareness but also
by factors such as healthcare accessibility, socioeconomic status, and the severity of health conditions, all of which are
included as control variables in the analysis. The household Engel coefficient was calculated using weekly household
food consumption and annual non-food household expenditure from harmonized data. Given the relatively small
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Total participants in 4 waves of

CHARLS
(N=74,973)

Participants who had not received

any NEPHSP before 2015
(N=69,441)

Hypertension in 2011
(N=58,962)

Complete data in four waves
(N=36,871)

Participants followed-up in CHARLS

2011 to 2018
(N=3,096. 774*4 waves)

Had NEPHSP-covered blood pressure

measurements in 2015 -20187

Intervention group Comparison group
(N=1,616: 404*4 waves) (N=1,480: 370*4 waves)

Figure | Sample selection procedure. The sample selection methodology identifies a cohort of individuals with hypertension who participated in blood pressure
assessments funded by the NEPHSP during the period from 2015 to 2018.
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variation in weekly food expenditures, weekly food expenses were annualized by multiplying by 52 and then divided by
the sum of annual food and non-food expenditures to estimate the Engel coefficient.

Independent Variables

In this study, the intervention encompassed blood pressure screenings that were covered under the NEPHSP coverage
from the 2015 wave through 2018 wave, we identify the intervention using the free of charge hypertension measurement
as a proxy for NEPHSP-covered blood measurement. Specifically, we used “Since last interview time, have you had your
blood pressure checked by a doctor or nurse? Yes or no” and “Do you have to pay for the blood pressure examination by
community/village doctors? Yes or no” in 2018 questionnaire to identify those who received the NEPHSP service during
2015-2018. Only samples with the first question’s answer of yes and the latter one answer of no were considered to have
been included in the NEPHSP hypertension management.

The validity of this proxy is supported by the following reasons: (1) It reflects NEPHSP-covered blood pressure measure-
ment, which is the essential first step in the broader NEPHSP management process, even though it does not capture other aspects
like follow-up or medication guidance. (2) Similar studies, such as Cui et al'” have used this same proxy to identify NEPHSP-
covered services. (3) The service providers for both NEPHSP and the proxy are similar, as both are delivered by grassroots-level
health providers, such as township health centers and village clinics, aligning with NEPHSP’s guidelines. Moreover, the two
questions were asked to all participants, regardless of their health conditions, ensuring equal opportunities for inclusion in the
NEPHSP group and minimizing bias from selective recommendations. Given that the NEPHSP aims to provide free blood
pressure screenings to all eligible residents, this approach further reduces the likelihood of selection bias.

Control Variables

Following previous studies, the following variables were included in the regression as control variables: age, gender,
educational attainment, marital status, residential type, residential region, hukou, whether covered by public health
insurance, comorbidities. The descriptive analysis is shown in the Table 1. Among the control variables, comorbidities

Table | Descriptive Statistics of the Main Variables (2011 Wave)

Comparison (%) | Intervention (%) | p-value
Number of participants 370 404
Age 0.1
<55 124 (33.5) 111 (27.5)
55-65 141 (38.1) 174 (43.1)
65-75 79 (21.4) 100 (24.8)
75+ 26 (7.0) 19 (4.7)
Male (%) 162 (43.8) 185 (45.8) 0.625
Reside in rural (%) 216 (58.4) 279 (69.1) 0.003
Covered by public health insurance (%) 342 (92.4) 383 (94.8) 0.228
Have comorbidities (%) 235 (63.5) 261 (64.6) 0.8l
Rural hukou (%) 278 (75.1) 339 (83.9) 0.003
Marital status (%) (Married or partnered) | 320 (86.5) 365 (90.3) 0.117
Residential region (%) 0.003
Central 46 (12.4) 70 (17.3)
East 178 (48.1) 183 (45.3)
Northeast 45 (12.2) 23 (5.7)
West 101 (27.3) 128 (31.7)
Educational attainment (%) 0.273
Lower than primary school 157 (42.4) 198 (49.0)
Primary school 89 (24.1) 79 (19.6)
Middle school 8l (21.9) 84 (20.8)
High school and above 43 (11.6) 43 (10.6)

Note: Group differences were tested using the Chi-square test and the corresponding p-values are shown in the
last column.
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were defined as having more than one of the following diseases: hypertension, diabetes, dyslipidemia, cancer, lung
disease, liver disease, heart disease, stroke, kidney disease, digestive disease, psych problem, memory problem, arthritis
and asthma which are all most commonly considered 14 chronic diseases in literatures. For all variables used in the
analysis, please refer to Table S2 for more details.

Statistical Analysis

The DID approach was utilized to assess the average policy effect of NEPHSP participation, by comparing outcome
changes between the intervention and comparison cohorts before and after policy implementation. This methodological
framework allowed for the calculation of the intervention’s impact by determining the differential change in the
intervention group pre- and post-policy enactment, juxtaposed against the analogous variation within the comparison
group.®’ The main regression model encapsulating this analysis is as follows:

Yy = Py + py NEPHSP; * Post, + y X;; + a; + A, + €5 (1)

Where Y, is the outcome variable of respondent i at time #; NEPHSP; is the intervention dummy variable that equals 1 for
the respondents who received NEPHSP-covered blood pressure measurements and 0 for the respondents who did not
receive NEPHSP-covered blood pressure measurements; Post; is a dummy variable that equals 0 denoting the period
before the intervention (2011-2015) and 1 denoting the period after the intervention (2018), when the NEPHSP policy
effect is evaluated; NEPHSP;*Post; is the interaction of NEPHSP; and Post;, with ; capturing the average treatment
effect of the NEPHSP participation, defined as the differential change in outcomes between participants and non-
participants after policy implementation, under the parallel trends assumption; Xj; is a set of control variables; a; and
A, are individual fixed effect and time fixed effect respectively; and ¢;, is the error term.

In the parallel trend assumption test section, we used the following dynamic model to investigate whether the pre-
trend of the dependent variables is parallel or not:

Y =po + 21: y"NEPHSP; + T;(t = 7) + T'X;, + a; + 4 + & 2
T=-2,7#0
We set the 2015 wave as the baseline wave, and 7 represents the relative wave to it (wave 2018 means 7 =1 and wave
2013 means 7 =-1). y* captures the impact of the NEPHSP coverage in different waves.

To evaluate the robustness of our regression result, we evaluate the stability of the regression results from three distinct
perspectives. First, from the perspective of model specification, we further control for the temporal trends of various
provinces during the robustness test, as these trends may influence the results. Additionally, to reduce bias from observed
confounders, we applied inverse probability weighting (IPW)>* using propensity scores estimated from a logistic regression
of treatment status on baseline covariates measured in 2015. Individual weights were then constructed as the inverse of the
predicted probability of receiving the observed treatment assignment. These weights were applied to subsequent analyses to
create a pseudo-population in which the distribution of measured baseline covariates is independent of treatment assignment.
To assess covariate balance, we compared differences in baseline characteristics between intervention and comparison
groups before and after weighting, using both regression-based tests and standardized mean differences.>*** Furthermore, to
strengthen the credibility of the research design and the causal inferences derived from our findings, we conduct a placebo
test utilizing a randomly generated pseudo-intervention group alongside a pseudo-comparison group, applying the same DID
methodology used in our primary regression analysis. If the intervention aimed at blood pressure measurement were the sole
factor contributing to an increase in the hypertension management, medical care utilization and household socioeconomic
well-being, we would not anticipate observing any significant effects from these pseudo-interventions. The placebo test was
repeated 500 times, generating 500 pairs of pseudo-intervention and comparison groups.

Results

Demographic and Socioeconomic Characteristics
Table 1 presents the summary statistics of the study sample at baseline. Among 774 hypertensive patients, 404 (52.2%)
were in the intervention group, and 370 (47.8%) were in the comparison group. Most of the respondents in the
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intervention group were 55-65 (43.1%), female (54.2%), covered by Public Health Insurance Program (94.8%), had an
education level lower than primary school (49.0%), were married or partnered (90.3%), had an rural hukou (83.9%),
resided in a rural area (69.1%) and east region (45.3%), and had more than one disease (64.6%).

Comparison Before and After Intervention

Figure 2 illustrates the trends in hypertension management, medical care utilization and household socioeconomic well-
being, measured by five dependent variables. From wave 2011 to 2018, the hypertension control rate consistently
increased, with a notable decrease observed between 2015 and 2018. The intervention group exhibited a rising trend
in treatment rate, while the comparison group experienced a small increase during the same timeframe. The inpatient
admissions over the 2015 wave in the intervention group increased markedly, whereas the comparison group displayed
a more gradual change. Outpatient visits demonstrated a downward trend in both groups. Besides, the mean Engel
coefficient exhibited a decreasing trend over time in both groups.

Parallel Trend Assumption Test

We conducted a parallel trend regression analysis, using the 2015 wave as reference point and including data from both
the 2011 and 2018 waves. The model is outlined by Equation (2). As depicted in Figure 3, a comparison with the 2015
wave reveals that no significant differences were identified across all five dependent variables between the intervention

and comparison groups in the 2011 and 2013 wave.
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Figure 3 Dynamic DID regression result of the five dependent variables. The Y-axis represents the estimated coefficients for each year. The solid line displays the point
estimates, while the dashed lines indicate the corresponding 95% confidence intervals. The year 2015 is set as the reference year. Notably, there were no statistically
significant differences between the treatment and control groups in 201 | and 2013 across all variables, suggesting the parallel trends assumption holds. By 2018, however,
four of the five variables show statistically significant differences between the groups, with outpatient visits being the exception.

The Impacts of the NEPHSP in DID Estimation

Table 2 presents the regression results of static DID, with columns 1 to 2 showing the results on hypertension
management, column 3 to 4 showing the results on medical care utilization, column 5 showing the results on household
socioeconomic well-being.

To accurately assess the effect of the NEPHSP coverage on the dependent variable, we compared the effect of
whether to include control variables on the economic significance and statistical significance of the regression coeffi-
cients of the DID term. The results indicate a minimal effect, which somewhat suggests that the effect of the NEPHSP
coverage on the dependent variable is robust.

As shown in columns 1 to 2, NEPHSP-covered blood pressure measurements increased hypertension control rate by
9.8% (2.7-16.9%, P < 0.01) and hypertension treatment rate by 9.9% (3.8-16.1%, P < 0.01). As shown in columns 3,
NEPHSP-covered blood pressure measurements increased the inpatient admissions by 0.17 (0.03-0.31, P < 0.05)
per year. Outpatient visits last month, as shown in column 4, did not show a significant effect. As shown in column 5,
NEPHSP-covered blood pressure measurements reduced the household Engel coefficient by 5.4% (1.2-9.6%, P < 0.05).

Heterogeneity Tests
It is essential to identify the population for whom the NEPHSP coverage has the most significant impact. This section

examines the heterogeneity in demographic characteristics, including age, residential type, and regions, as shown in Figure 4.
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Table 2 Regression Result of the Static DID Model

Variable Control Rate Treatment Rate Inpatient Outpatient Household
Admissions Visits Engel Coefficient
Panel A. Without controls
NEPHSP*Post 0.103##* 0.105%#* 0.174*+* —-0.102 —0.057*#*
(0.036) (0.032) (0.071) (0.131) (0.021)
Panel B. with controls
NEPHSP*Post 0.098%+* 0.099*+* 0.174*+* —-0.096 —0.054**
(0.036) (0.031) (0.071) (0.128) (0.021)
Age —0.244* 0.168#** 0.193 —0.454 —0.032
(0.138) (0.054) (0.124) (0.278) (0.095)
Covered by public health insurance 0.058 0.012 0.075 0.070 —0.048
(0.050) (0.042) (0.055) (0.191) (0.031)
Have comorbidities 0.097°%#¢ 0.170%* 0.050 0.021 —0.030
(0.035) (0.031) (0.046) (0.094) (0.020)
Hukou —0.21 I** —0.028 0.093 0.188 0.051
(0.101) (0.081) 0.112) (0.216) (0.061)
Marital status 0.095* —0.013 0.078 0.273 —0.007
(0.049) (0.051) (0.080) (0.261) (0.042)
Educational attainment_Primary school 0.448** -0.130 0.159 —0.632 0.183
(0.205) (0.138) (0.152) (0.698) (0.120)
Educational attainment_Middle school —0.685%* -0.012 0.021 0.147 —-0.004
(0.305) (0.263) (0.019) (0.250) (0.086)
Observations 2,727 3,096 3,096 3,096 2,374
R-squared 0.461 0.565 0.390 0.362 0.405
Individual FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Number of Cluster 315 316 316 316 307

Note: *** p<0.01, ** p<0.05, * p<0.l. Standard error of each coefficient is shown in the bracket. Covariates that are not shown were removed due to

multicollinearity.
Abbreviation: FE, fixed effect.

Age significantly influences hypertension, and adherence to health education varies across age groups, potentially leading
to heterogeneity in the effects of NEPHSP coverage.>” The results show that for those over 60 years of age, they have higher
statistical significance in hypertension control rates and inpatient admissions and a weaker impact on the treatment rates as
well as in the Engel’s coefficient compared to those under 59 years of age. In terms of residential type, rural residents have
greater impact on treatment rate, inpatient admissions and household Engel coefficient while urban residents have greater
impact on control rate. In terms of regions, NEPHSP coverage achieved largest impacts on hypertension control and treatment
rates in the eastern region, following by western regions and central regions. The Northeastern region shows the widest
confidence interval, which can be attributed to the relatively small number of provinces classified under this region in China.

We also conducted pairwise marginal comparisons of the treatment effect across regions, applying Bonferroni adjustment
for multiple testing, which is shown in Table S3. Compared with Central, the East and the Northeast exhibit significantly larger
reductions in inpatient admissions associated with the treatment (East vs Central: —0.322, p < 0.1; Northeast vs Central:
—0.466, p < 0.05), while the West shows no significant difference versus Central. The West exceeds the Northeast on the
inpatient admissions (West vs Northeast: 0.521, p <0.01), and West also shows a marginally larger inpatient effect than East
(West vs East: 0.377, p < 0.1). Age heterogeneity indicates that individuals aged <59 experienced a significantly larger
treatment-related reduction in inpatient admissions than those >59 (—0.158, p < 0.05). Finally, rural-urban comparisons reveal

a lower control-rate improvement in rural areas but a higher treatment-rate enhancement.
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Figure 4 NEPHSP coverage impact on control rate, treatment rate, inpatient admissions, outpatient visits and household Engel coefficients, by subgroups. Heterogeneity is
categorized by residential type (Rural, Urban), age (Above 59, 59 and below) and geographic location (West, East, Central and Northeast) groups. Each dot represents the
estimated effect size, with horizontal lines indicating 95% CI. A dashed vertical line at zero denotes no effect.

Robustness Check
Model Setting

The results in Table 3 show that the coefficients obtained after adding the fixed effect of province changes over time are

not very different from the results of the benchmark regression. This suggests that after controlling for all biases as much

Table 3 Model Setting Test

Variable Control Rate | Treatment Rate Inpatient Outpatient Household
Admissions Visits Engel Coefficient
NEPHSP*Post 0.106*** 0.094%* 0.174%* —0.058 —0.047+*
(0.037) (0.034) (0.077) 0.132) (0.022)
Age —0.242 0.204%* 0.226* —0.295 —0.049
(0.190) 0.091) (0.124) (0.315) (0.096)
Covered by public health insurance 0.070 0.014 0.075 0.103 —0.050
(0.049) (0.042) (0.052) 0.182) (0.033)
Have comorbidities 0.090°* 0.166%+* 0.064 0.056 —0.025
(0.036) (0.032) (0.046) o.101) (0.020)
Hukou —0.216%* —0.027 0.105 0.218 0.060
(0.102) (0.078) (0.098) 0.218) (0.061)
Marital status 0.099** 0.003 0.061 0.319 —0.011
(0.050) (0.050) (0.081) (0.257) (0.043)
Educational attainment_Primary school 0.426* —0.146 0.104 —0.838 0.150
(0.233) (0.144) (0.164) (0.695) 0.122)
(Continued)
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Table 3 (Continued).

Variable Control Rate | Treatment Rate Inpatient Outpatient Household
Admissions Visits Engel Coefficient
Educational attainment_Middle school —0.664** 0.005 —-0.042 0.927 -0.017
(0.302) (0.256) (0.084) (1.044) (0.094)
Observations 2,723 3,092 3,092 3,092 2,373
R-squared 0.486 0.582 0411 0.385 0.434
Individual FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Number of Cluster 314 315 315 315 307

Note: ** p<0.0l, ** p<0.05, * p<0.l. Standard error of each coefficient is shown in the bracket. Covariates that are not shown were removed due to

multicollinearity.
Abbreviation: FE, fixed effect.

as possible, the inclusion of the NEPHSP has a significant impact on hypertension control rate, treatment rate, inpatient

admissions, and household socioeconomic well-being. The result for outpatient visits remained insignificant.

IPW Analysis

As shown in Table S4, after applying weighting, the standardized differences across all covariates were reduced, with all
standardized differences below 1%, indicating good covariate balance between the treatment groups. The weighted regression
coefficients were close to zero, and none of the associations remained statistically significant (all p-values > 0.90). These
results indicate that [PW effectively achieved covariate balance between the intervention groups. We also implement DID after
IPW. As it can be seen from the Table 4, the coefficients of four dependent variables are still statistically significant, and the

coefficient for outpatient visits is still nonsignificant.

Table 4 The Effects of the NEPHSP in IPW-DID Estimation

Variable Control Rate | Treatment Rate Inpatient Outpatient Household
Admissions Visits Engel Coefficient
NEPHSP*Post 0.096*** 0.089*¥* 0.165%* —0.073 —0.056**
(0.037) (0.032) (0.070) (0.124) (0.022)
Age —0.221 0.169%¥* 0.212 —0.422* —0.042
(0.143) (0.045) (0.138) (0.246) (0.100)
Covered by public health insurance 0.057 0.037 0.077 0.114 —0.056*
(0.052) (0.043) (0.049) (0.154) (0.033)
Have comorbidities 0.091** 0.17 ¥k 0.056 0.034 —0.032
(0.035) (0.032) (0.045) (0.092) (0.021)
Hukou —0.214%* —0.039 0.095 0.212 0.047
(o.101) (0.080) (0.104) (0.208) (0.063)
Marital status 0.105%* —0.030 0.074 0.241 0.013
(0.052) (0.052) (0.077) (0.226) (0.045)
Educational attainment_Primary school 0.443** -0.122 0.175 -0.515 0.163
(0.214) (0.144) (0.160) (0.614) (0.104)
Educational attainment_Middle school —0.692** -0.020 0.018 0.154 —0.002
(0.310) (0.265) 0.018) (0.239) (0.087)
Observations 2,727 3,096 3,096 3,096 2,374
R-squared 0.461 0.563 0.386 0.367 0.405
Individual FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Control Yes Yes Yes Yes Yes
Number of Cluster 315 316 316 316 307

Note: ** p<0.0l, ** p<0.05, * p<0.l. Standard error of each coefficient is shown in the bracket. Covariates that are not shown were removed due to

multicollinearity.
Abbreviation: FE, fixed effect.

I 2 https:

Risk Management and Healthcare Policy 2026:19



https://www.dovepress.com/article/supplementary_file/564931/appendix_clean.docx

Luo et al

Control rate Treatment rate Inpatient admissions
P | p= | p= |
o o o
[se} [sel [spl
| | |
| | |
g o | g < | ) I
2 o 2 o 2 o
5 & | s S | s < '
5 | = | 5 I
2 g | t s | t s |
o 27 | o 27 | o 27 |
| | |
c1T-—— — R s~ — — R s 1T~ — — i ——
6 © 6 ® o o e ® e
Y ¥ ot o 0 ¥ ot o 0 o ot
Coefficients Coefficients Coefficients
Outpatient visits Household Engel coefficient
S - | = I
[se} [sel
| |
| I
o o | 2 o |
2 o 2 o
g | g |
5 | = I
= =
£ s | £ s |
o 27 | o 27 |
| |
A—o l
o o
=2 — c T~~~ ®we— — — — —
6 © o ® ® o
o ¥ ot NN EP S
Coefficients Coefficients
® p value —— kdensity beta

Figure 5 Placebo test. The X-axis illustrates the estimated coefficients for the variable “NEPHSP*Post”, while the Y-axis denotes the kernel density value alongside the
P value. The curve depicted represents the kernel density distribution of the estimated coefficients, with the blue dot indicating the P value associated with the estimated
coefficient. The vertical grey dashed lines signify the coefficients and P value for NEPHSP*Post derived from the actual intervention in our primary regression analyses.

Placebo Test

Figure 5 reports the estimated coefficients of NEPHSP*Post from all pseudo-intervention DID regressions. The results
indicated that the coefficients for control rate, treatment rate, inpatient admissions, and household Engel coefficient under
the pseudo-interventions are concentrated around zero. In contrast, the estimate corresponding to the actual intervention
deviates markedly from zero, thereby strengthening the causal relationship between the covered blood pressure measure-
ment intervention and the improvements in these outcome variables. It is noteworthy that the coefficient of outpatient
visits is relatively close to zero, suggesting that the NEPHSP coverage may not exert a substantial impact on outpatient

care utilization.

Discussion
Our findings indicate that the NEPHSP in China is an effective public health intervention for improving hypertension
control and alleviating socioeconomic burdens among middle-aged and older persons. In addition to these health benefits,
NEPHSP coverage is associated with changes in healthcare utilization patterns, including increased inpatient service use
and improved disease management. Together, these results underscore the importance of the NEPHSP in promoting
preventive health behaviors and more effective resource allocation in an aging population facing a growing burden of
noncommunicable diseases, and provide empirical evidence to inform future program refinement.

Our study finds that NEPHSP coverage has led to a substantial rise in hospital admissions, but a slight drop in
outpatient visits. Several mechanisms may explain this trend. First, patients may prefer inpatient care because they think
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hospital-based treatment is more complete and of higher quality. This is a common occurrence in the Chinese healthcare
system, where higher-tier hospitals are often more trusted than primary care facilities.>® Second, the rise in inpatient use
may be due to changes on the supply side of the NEPHSP, especially better screening, follow-up, and referral practices
by primary care clinicians after 2015, when policy incentives were put in place. Better case detection may have found
diseases that were not diagnosed before or were not being treated well and sent these individuals to the hospital for
therapy.®’ Finally, better disease management and risk stratification under NEPHSP may have helped find individuals
with more serious clinical conditions who really needed to be hospitalized instead of being treated as outpatients. From
this point of view, the rise in hospital admissions may be a sign that people are getting better care, not that the healthcare
system is being overworked. In this sense, a strengthened gatekeeping role of primary care, treating low-acuity cases in
the community while referring high-severity cases, could explain why admissions rose without an increase in outpatient
visits.

However, this rise in inpatient utilization warrants caution, as it could suggest potential allocative inefficiencies where
conditions treatable in outpatient settings are managed via hospitalization. This trend toward inpatient care is in line with
national health statistics from 2013 to 2015. According to the Chinese Statistical Bulletin on the Development of Health
and Family Planning, the rate of hospitalizations rose from 14.1% of all records in 2013 to 15.3% in 2015. This signals
an increasing burden on the tertiary healthcare system. While precise data on outpatient visits during this specific period
remains limited, the observed pattern highlights the critical need to balance the expansion of public health coverage with
efficient resource allocation.®® Future reforms should prioritize strengthening primary care capacity to manage chronic
conditions effectively, thereby mitigating unnecessary reliance on inpatient services.

For the first time, this study utilizes the household Engel’s coefficient, a recognized economic metric of household
welfare,*® to evaluate alterations in the socioeconomic well-being of households impacted by hypertension under the
NEPHSP for the first time. Our findings suggest that NEPHSP’s provision of standardized hypertension treatment
services may reduce normal out-of-pocket healthcare costs, hence potentially alleviating direct financial burdens on
households. At the same time, better access to primary care may minimize the risk of serious complications,*® which
would lower the chance of having to pay for huge medical bills*' and helping preserve household savings. Moreover,
better health status may improve the productivity and earning capacity*® of patients or their caregivers, while reduced
health-related uncertainty could shift household spending priorities away from precautionary health savings toward
consumption, including improved food quality.*> The results are consistent with findings from other studies, indicating
that health interventions can enhance the financial stability of families.** Specifically, fewer catastrophic health costs
have been found to help people spend their extra money better, as evidenced by lower Engel’s coefficients.*> This shows
how important public health programs like NEPHSP can be as part of integrated social policy frameworks that bring
together health and economic development goals.*®

Heterogeneity studies indicated that NEPHSP coverage had different effects on people of different ages and in
different areas. This information can help policymakers focus their efforts. Younger participants (under 59 years old) saw
bigger changes in their treatment rate than older ones. This means that health education and intervention measures work
better on younger people. People who lived in cities were better able to regulate their high blood pressure and had fewer
hospital stays than people who lived in rural regions. This is probably because healthcare is easier to get in cities. This
shows that we need to make efforts to improve access to healthcare and literacy in rural communities. The program had
a bigger impact on the control rate in the west and east than it did in the center. This highlights to differences in
socioeconomic status and infrastructure that need to be fixed to make sure that everyone in the country has access to the
same level of healthcare.

The results of this study highlight important policy implications for the future enhancement of the NEPHSP. First, the
rise in inpatient admissions demonstrates that the NEPHSP coverage has motivated hypertensive patients to pursue better
care. However, this trend also puts more stress on hospital resources. To address this problem, we advise that policy-
makers improve outpatient services and preventive care. This could help reduce the number of people who need to stay in
hospital. Also, investment in primary healthcare infrastructure, particularly in rural areas, can assist make this change go
more smoothly.*” Second, the differences in NEPHSP coverage impacts across different age groups, residential types,
and regions highlight the need for targeted interventions. Younger people and people who live in rural areas see the
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biggest improvements in treatment rates from the program. This suggests that there are still gaps between the need for
and use of health education, which means that more attention needs to be paid to migrants with low levels of education.*®
Third, the decrease in household Engel coefficients indicates that the NEPHSP coverage has made it easier for low-
income families to pay for hypertension, which is an important way to help their socioeconomic well-being. The finding
underscores the necessity for ongoing monitoring and evaluation of public health programs to continually assess their
impact not just on health but on socioeconomic well-being outcomes.

Our study has the following limitations. First, using the availability of free blood pressure assessments at community
doctor or village doctor as an inclusion criterion for in the hypertension management component of the NEPHSP could
lead to skewed estimates of the NEPHSP coverage’s effects. If individuals receiving free measurements outside the
NEPHSP are misclassified as being covered by the program, this non-differential misclassification of exposure would
probably make the estimated effects less significant, which means that our findings may represent a conservative estimate
of the real benefits of NEPHSP coverage. Second, recall bias could affect the data utilized in the NEPHSP program
because participants may not precisely remember or report their free blood measurement. Third, the lack of data on
medical examinations in 2018 resulted in a modified criterion for detecting hypertension relative to 2011, 2013, and
2015, potentially introducing measurement-related bias in assessing the impact of NEPHSP coverage. Fourth, the
analytical sample is restricted to individuals who were observed in all four CHARLS waves (2011-2018), which may
introduce survival and attrition bias. Future studies using imbalanced panels or administrative health records may
facilitate a more comprehensive evaluation of the NEPHSP’s effects. Despite these unavoidable limitations, the robust
analysis in the study demonstrates that these discrepancies have minimal impact on the statistical and economic
interpretations of the DID results, which keeps the NEPHSP coverage’s causal impacts sound.

Conclusions

In China, the introduction of the NEPHSP has led to improvements in blood pressure control rates and medication adherence
among hypertensive patients. This indicates that basic public health services are beneficial to patients with chronic diseases. The
NEPHSP coverage has also improved household socioeconomic well-being by reducing the financial strain associated with
hypertension management, which is an important step in avoiding medical poverty. However, these benefits were also
accompanied by a significant rise in hospital admissions, suggesting potential unintended consequences, like increased pressure
on the healthcare system. Heterogeneity in program effects also deserves attention. As we found that basic public health services
in the Northeast region and rural areas still need to be further strengthened. Finally, the implementation of the NEPHSP in China
offers not only valuable lessons, but also important cautions, for other developing countries seeking to expand essential public
health services. Similar initiatives should be coupled with techniques to regulate subsequent hospital utilization and be
intentionally designed to reduce socioeconomic, regional, and urban—rural disparities in access and effectiveness.
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