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Introduction: Cardiovascular disease is the single largest contributor to global mortality and the leading cause of both death and
premature death in China. Data on the association between cardiovascular disease and socioeconomic status are sparse, especially for
Asian countries. Our study collected data to describe the socioeconomic status variation across cardiovascular disease using a large
nationwide cross-sectional study.

Methods: We chose participants using the cluster sampling method, prepared a face-to-face questionnaire interview for the selected
community residents, and collected information on health conditions, socioeconomic status, demographics, and comorbidities. All
collected data were reported as frequencies and corresponding percentages. Linear regression and simple and multivariable logistic
regression were performed to identify the prevalence variation. All statistical analyses were performed using SPSS version 26
software.

Results: Socioeconomic information was available for 394,688 participants (covering most provincial districts). The prevalence of
cardiovascular disease was 7.9%. The prevalence was higher in rural areas than that in urban areas (rural, 8.4%; urban, 7.5%). There
was a negative relationship between urbanization and cardiovascular disease prevalence. Furthermore, cardiovascular disease pre-
valence had a negative relationship with average earnings.

Conclusion: This cross-sectional analysis of socioeconomic status variation in the prevalence of cardiovascular disease in China
showed a significant negative relationship between regional and individual socioeconomic status and cardiovascular disease. The
results imply that governments would benefit communities by focusing on effective and targeted interventions for prevention,
screening, and treatment in individuals who may be in the socioeconomic status with a high risk for cardiovascular disease.

Plain Language Summary: Benefits from the inclusion of many provinces, and large sample size, this study provided important new
viewpoints on the prevalence of CVD. We described the current CVD status in China and the socioeconomic status variation on
cardiovascular disease in the prevalence. In our study, significant differences were observed in iSES and CVD. And we identified the
rSES in CVD prevalence disparities among provincial districts based on large administrative data sets. These results are essential for the
government to put the target prevention programs and effective public health to those in status with a high risk to reduce prevalence. Besides,
the English language in our manuscript had been proofread and revised by professional editing service in Editage.
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Introduction
Along with the aging social population, cardiovascular disease (CVD), a type of chronic disease, has been the largest

single contributor to global mortality and the leading cause of both death and premature death (accounting for more than
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40%) in China.'™* Although the World Health Organization (WHO) provides a simple protocol for the assessment and
management of CVD, the prevalence is still growing, and inequalities continue to persist over space and time.” Previous
studies have shown differences in socioeconomic status (SES) risk factors.®’ Therefore, it is important to assess regional
and individual SES variations when studying disparities in the prevalence of CVD. However, research on this topic is
sparse, especially for Asian countries.®* We sought to describe the socioeconomic variation across CVD by investigating
data using a large nationwide cross-sectional study. Results could provide evidence as a basis for developing suitable
interventions.

Methods
Study Design and Population

This community-based cross-sectional study was conducted in 2016 and was based on the China National Stroke
Screening and Prevention Project (CNSSPP) launched by the Chinese Ministry of Health, which covered most provincial
districts (30 out of 32). And this project is a nationwide program which is a cardiovascular disease surveillance program
conducted annually, instituted by the Chinese government from 2011. The data were extracted from “the Big Database
Platform for Cerebrovascular Disease” of the Chinese Stroke Center, and we obtained the use consent of the data. We
scheduled a face-to-face questionnaire interview with community residents to identify SES variation in the prevalence of
CVD. The participants were selected using the cluster sampling method. Based on the community, random sampling was
selected proportionally across the local population size; this strategy was used in every primary sampling unit. All
residents aged 40 years or older (born before December 31, 1976) who were long-time residents in the selected
community (for longer than 6 months) were invited to participate in this study. Participants completed the questionnaire
administered by the professional researchers of this project in nearby community hospitals or health stations. Further
details of the sampling study design and methods of CCSP have been reported previously.'®

Definition of Confounders and Intermediary Variables

Trained workers administered the questionnaire on health conditions, SES, lifestyle, and comorbidities. The explanatory
variables were regional SES (rSES, according to living conditions [urban or rural] and provincial urbanization) and
individual SES (iSES, according to the annual average income per year). Urbanization was calculated in provincial
administrative units (participants from 22 provinces [excluding Taiwan province], four municipalities, four autonomous
regions [excluding the Xizang autonomous region], and 30 provincial administrative units). This calculation refers to the
percentage of participants living in urban areas.'' Concerned information was collected and categorized as follows: age
(three groups); marital status (married or others); body mass index (BMI) (three groups distributed by Asian standards,
normal: <23.0, overweight: 23.0-24.9, obesity: >25.0); smoking status (yes, passive, or no); drinking status (yes or no);
regular physical activity (yes or no); hypertension and diabetes (yes or no). The endpoints were CVD prevalence,
confirmed stroke (ischemic stroke, hemorrhagic stroke, subarachnoid hemorrhage, transient cerebral ischemia [TIA]),
and heart diseases (defined as a series of nonfatal cardiac vascular diseases such as nonfatal myocardial infarction,
angiographically defined coronary heart disease, coronary artery bypass grafting, percutaneous transluminal coronary
angioplasty, angina, atrial fibrillation, or valvular heart disease). These diseases were defined by the disease diagnosis
guidelines and judged by professional clinical doctors. Diagnoses were confirmed based on the individual providing their
medical history and diagnoses and the evidentiary materials (medical records and auxiliary inspection reports).

Statistical Analysis

All collected data were analyzed as categorical variables and reported as frequencies and corresponding percentages
using contingency tables and chi-square tests (X* statistics). Differences in categorical variables between participants
with and without CVD were examined using the X* test. A linear association was used to examine the rSES variation. To
identify the prevalence variation from rSES and iSES, the simple and multivariable logistic regression models were fitted
in two different models: (i) a model that included only one characteristic, SES (urban or rural and iSES), and (ii) a model
that included all confounders and intermediary characteristics (including basic information: sex, age, marital status, BMI,
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Figure | China’s population distribution on the basis of regions.

smoking, drinking, and physical activity; and comorbidities: hypertension and diabetes), to evaluate their contribution to
CVD. All statistical analyses were performed using SPSS version 26, and statistical significance was set at P < 0.05.

Results

We obtained 423,603 individuals over 40 years of age from community general practices as previously mentioned.
Participants with missing information with the status of CVD (28,484 [6.7%]) and average earnings of $431 (4.7%) were
excluded from this analysis. Following these exclusions, 394,688 participants were included for analysis of the SES variation
in CVD prevalence. The population distribution was similar to that of the seventh national census in China (Figure 1). The
details of the seventh national census are available via open access from the website, http://www.stats.gov.cn/. Participation in
population size and area breadth promised to maximize socioeconomic diversity. Among the 394,688 individuals enrolled in
the CCSP Study, 206,666 (52.4%) lived in urban areas. Average earnings were 30.2% of individuals with < $721, 17.5% with
$721-1443, 15.3% with $1443-2885, and 37.1% with > $2885. A total of 99,118 (25.1%) participants had hypertension and
29,592 (7.5%) had diabetes. The demographic characteristics are shown in Table 1. The details of the distribution of
community residents in the 30 provincial districts and missing data for different variables are shown in Supplementary
Figure 1 and Supplementary Table 1.

The prevalence of CVD in the participants was 7.9% (ranging from 2.9% to 13.6% in different provincial districts);
individuals with CVD were predominantly older (>75y), and overweight (Table 1). The prevalence of the CVD varied

Table | The Characteristics of the Study Population and the Group with Cardiovascular Disease

Characters All % CVvD % Without CVD % P
All 394,688 100.0 31,275 100.0 363,413 100.0
Urban 206,666 524 15,472 49.5 191,194 52.6 <0.001
Average earning®
<721 119,239 30.2 4811 15.4 114,428 315 <0.001
721-1,443 68,890 17.5 2143 6.9 66,747 18.4
1,443-2,885 60,266 15.3 1800 5.8 58,466 16.1
22885 146,293 37.1 4820 15.4 141,473 389
Male 180,641 45.8 13,574 434 167,067 46.0 <0.001
Age, y
<60 201,441 51.0 7805 25.0 193,636 533 <0.001
60-75 152,093 385 18,224 58.3 133,869 36.8
>75 41,154 10.4 5246 16.8 35,908 9.9
Marital Status
Married 372,475 94.4 28,371 90.7 344,104 94.7 <0.001
Others® 22,213 5.6 2904 9.3 19,309 5.3
(Continued)
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Table 1 (Continued).

Characters All % CcvD % Without CVD % P
BMI
<23.00 148,482 37.6 9168 293 139,314 383 <0.001
23.00-24.99 113,507 28.8 7283 23.3 106,224 29.2
225.00 132,667 33.6 14,822 47.4 117,845 324
Smoking status
Yes 59,697 15.1 7067 226 52,630 14.5 <0.001
Passive 10,708 27 1367 44 9341 2.6
No 324,282 82.2 22,841 73.0 301,441 829
Physical activity® 286,745 727 18,784 60.1 267,961 737 <0.001
Drinking 40,528 10.3 5136 16.4 35,392 9.7 <0.001
Hypertension 99,118 25.1 20,562 65.7 78,556 21.6 <0.001
Diabetes 29,592 7.5 6524 20.9 23,068 6.3 <0.001

Notes: *Average annual earning (per. Person, $). ®Others represents the all married status excepted for the married (widowed and divorced people
and others). “Physical activity represents the exercise for 30 minutes at least three times a week.
Abbreviations: BMI, Body Mass Index; P, p-value testing the difference in the risk factors.

among different provincial administrative units (Supplementary Table 2) and was higher in rural areas than that in urban

areas (urban, 7.5%; rural, 8.4%). There was no significant linear correlation between rSES and urbanization (P=0.353, R?
=0.030, 95% confidence interval [CI]: —0.074-0.027); however, there was a negative relationship. Simple logistic
regression analysis revealed a lower CVD prevalence (odds ratio [OR], 0.882; 95% CI, 0.853-0.911) of residents in
urban regions than that in rural regions (Figure 2 and Table 2).

In terms of iSES, the prevalence of higher-income groups was significantly lower than that of low-income groups
(9.9% vs 7.0% vs 6.6% vs 5.5%, Table 1). The same result of simple and multivariable logistic regression analyses
showed that higher income was associated with a lower CVD prevalence, indicating that the prevalence of CVD had
a negative relationship with average earnings (OR, 0.801; 95% CI, 0.763-0.839; Table 2).
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Figure 2 Association between cardiovascular disease and urbanization. (Urbanization refers to the district-level percentage of adults in our sample who were living in an
urban area. The grey line was fitted using linear regression with each data point in the plot having the same weight).
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Table 2 The Simple and Multivariable Logistic Regression Analysis of the Socioeconomic

Variation
Characters Simple Logistic Regression Multivariable Logistic Regression
Analysis Analysis
P OR (95% CI) P OR (95% CI)
Urbanization
Urban <0.001 0.882 (0.853, 0.911) | 0.001 0.917 (0.873, 0.964)
Income
<721 Ref.
721-1443 <0.001 0.685 (0.653, 0.719) | <0.001 0.813 (0.772, 0.857)
14432885 <0.001 0.644 (0.611, 0.679) | <0.001 0.769 (0.726, 0.814)
22885 <0.001 0.616 (0.592, 0.641) | <0.001 0.801 (0.763, 0.839)

Discussion

This study expanded the association between SES and CVD in China. China, a middle-income country with enormous
socioeconomic and cultural diversity, is the most populous country (>1.36 billion in 2014) and has the second largest
economy in the world.” To clarify the role of regional and individual SES, more specifically socioeconomic degree or
urbanization and income, on individual-level health outcomes, we collected and analyzed data on the prevalence of CVD
in 394,688 adults across China. The main strengths of our study are the inclusion of many provinces, a standardized and
systematic approach to data collection with the same enforcement regulation, and the use of personal income and living
environment as markers of SES. We found significant differences between iSES and CVD and identified rSES variation
in CVD prevalence among provincial districts based on large administrative datasets.

Socioeconomic variation in CVD has been confirmed in previous studies.'>'* The Coronary Artery Risk
Development in Young Adults Study in America proved that volatility and decreases of income during a 15-year period
of formative earning years were independently associated with a nearly two-fold risk of CVD and all-cause mortality.'>
A 2017 meta-analysis concluded that low/medium income increased the risk of CVD worldwide.® A previous Chinese
study indicated an inverse trend between the prevalence of total CVD and socioeconomic distribution.'® That study was
grouped by provinces, and the socioeconomic variation was defined by national criteria of provinces, including the high-,
middle-, and low-income regions.

The present study aimed to derive individual-level health outcomes and extend this work to include regional and
individual SES for CVD risk.'”'® We found a negative association between iSES and the prevalence of CVD in China.
Same with our result, the study in Russia stressed that financial constraints are the key factors defining cardiovascular
health behaviors.'® Various factors can explain this association. First, individuals with lower-income may more easily be
involved in behavioral and lifestyle risk factors, such as poor diet (lower fruit and vegetable consumption), smoking,
alcohol consumption, and restricted physical activity, all of which increase the risk of CVD.?*?? In addition, living in
lower-income-stressful environments is associated with individual-level health, and previous studies have emphasized the
psychophysiological pathway linking income inequality and health.”*** Individuals with higher incomes may have
certain coping strategies for stress (ie, greater material resources, attention, and information processing ability), which
could increase their mental and physical resilience to external stressors.”>® Those with higher incomes may pay more
attention to the control and treatment of basic diseases (hypertension, diabetes, etc.), have an earlier recognition and
response to warning symptoms, and seek or have greater access to more health services (ie, experienced physicians,
evidence-based treatment, and adherence to medication).?’*"*® Individuals with lower incomes may not be able to afford
necessary health care or periodic physical examinations, particularly in rural areas without universal health insurance
coverage.

Although we found no significant linear regression between socioeconomic degree or urbanization and CVD, the
negative correlation was absolute. Similarly, previous meta-analyses and studies indicated that a higher neighborhood

disadvantage was associated with a higher CVD risk.'”?*" There are several potential explanations for this finding.
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Patient care, such as that provided through The China Stroke Emergence Green Channel or China Chest Pain Center, is
patchy and fragmented in lower-rSES provinces.’! The strategic allocation of financial resources for healthcare,
according to disease priorities in each province, is different, which may lead to insufficient financial support for CVD
in provinces with lower rSES.*? Furthermore, previous research has demonstrated that populations of rural and lower
rSES face social or geographic ‘barriers’ that are likely to contribute to a higher CVD prevalence, such as shortages of
healthcare professionals, lack of comprehensive understanding of health-related information, limited access and later
presentation, transportation difficulties, and geographic distance.?'* Therefore, we found that living in more impover-
ished rSES neighborhoods had an adverse effect on individual-level health. These results are useful for both epidemio-
logical research and healthcare service planning and emphasize the need to improve primary and secondary prevention
and to prioritize resources for residents with the greatest risk of major adverse end points. Long-time prospective studies
are needed to further clarify and consolidate the association of socioeconomic status variation and CVD in China.

However, this study had limitations which could impact the application of the results. This study was retrospective,
and the endpoint was self-provided. Inaccurate recording or reporting may have affected the estimates, which is a source
of potential bias. And it still needs further validation with larger studies and long-time prospective studies to clarified and
consolidated the association of SES and CVD in China. Although the study was based on random samples of the
population, the sampling was at the provincial district level, and this project was implemented separately by the
personnel in charge of each province. We devoted much effort to communicating enforcement regulations to ensure
balance among the personnel, and the result was matched with the seventh nationwide population census; however, there
may still be errors. Moreover, information on occupational categorization and education was not available to estimate
these interaction factors.'” Hence, these errors should not bias conclusions regarding the negative relationship between
the prevalence of CVD and SES.

Even considering the aforementioned limitations, our study benefited from the inclusion of many provinces,
a systematic approach to data collection, and a large sample size. The results provide important new viewpoints on
the prevalence of CVD. We concluded that the observed differences in the prevalence among individual or regional SES
characteristics are alarming. Although our government has proposed a series of policies to respond to the huge burden of
CVD and the differentiation of access to health care (such as The New Rural Cooperative Medical Scheme or the
National Essential Drugs List), the prevention and treatment of CVD remain challenging for the Chinese and Chinese
governments.>* This calls for different SES specific effective prevention programs. Governments should develop target
public health policies and improve the strategic allocation of resources to meet the health care needs in different
provinces and reduce CVD prevalence and disease burden.

Ethical Approval and Consent to Participate

Our study is a face-to-face questionnaire interview with the community. This research involving human participants, and
the ethics approval have been performed in accordance with the Declaration of Helsinki and approved by The Rocket
Force Special Medical Center Ethics Committee. The verbal informed consent was obtained from all participants when
we called and invited people to the screening program. And the written one was got when we conducted the
questionnaire.
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