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Abstract

Objectives—Cardiovascular disease has become a major public health challenge in developing
countries. The goal of this study is to compare socioeconomic status (SES) gradients of
cardiovascular risk factors (CVRF) both within and between China and India.

Methods—We used multivariable logistic regression models to examine the associations between
SES and CVREF, using data from the China Health and Retirement Longitudinal Study (CHARLS)
and the Longitudinal Aging Study in India (LASI).

Results—The results showed that, compared to illiteracy, the odds ratios of completing junior
high school for high-risk waist circumference were 4.99 (95% confidence interval: 1.77-14.06)
among Indian men, 3.42 (95% confidence interval: 1.66-7.05) among Indian women, but 0.74
(95% confidence interval: 0.59-0.92) among Chinese women. Similar patterns were observed
between educational attainment and high-risk body mass index, and between education and
hypertension, based on self-reported physician diagnosis and direct blood pressure measurements.

Conclusions—SES is associated with CVRF in both China and India. However, this relationship
showed opposite patterns across two countries, suggesting that this association is not fixed, but is
subjective to underlying causal pathways, such as patterns of risky health behaviors and different
social and health policies.
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Introduction

China and India, the two most populous countries that account for one-third of the total
world population, are undergoing dramatic demographic, societal, and economic
transformations (United Nations 2015). The rapid population aging accompanied by
economic growth in both countries has contributed to a transition in the disease profile from
predominantly infectious diseases to chronic diseases, such as cardiovascular disease
(CVD), as major causes for mortality, morbidity, and functional impairment among older
adults (Dummer and Cook 2008). The Chinese National Center on Cardiovascular Diseases
estimated that there are about 230 million patients with CVD in China, including 200
million patients with hypertension, 7 million patients with stroke, 2 million patients with
myocardial infarction, and 4.2 million patients with congestive heart failure (Li and Ge
2015). CVD has become the leading cause of mortality in China, accounting for 41% of all
deaths (Li and Ge 2015). CVVD-associated mortality and morbidity are also increasing
rapidly in the Indian subcontinent, causing more than 25% of deaths (Gupta 2008). This
epidemic has reached an advanced stage, even in rural India. A survey conducted in 45 rural
villages in India showed that 32% of all deaths were due to CVD, compared to 13% from
infectious diseases (Joshi et al. 2006). Furthermore, the onset of cardiovascular disease in
developing countries is 10 to 15 years earlier on average than that in developed countries
(Yusuf et al. 2004), with coronary heart disease affecting Indians at least 5 to 6 years earlier
than their western counterparts (Xavier et al. 2008).

Socioeconomic status (SES) is a known determinant for CVD and related mortality in
developed countries (Marmot 1996; Gonzalez et al. 1998; Cox et al. 2006). However, this
SES-CVD association has been less well studied in developing countries, such as China and
India, mainly due to lack of high quality data (Reddy KS 2004). Moreover, the SES
gradients may be more complicated in these developing countries, as they are often
confounded by varying access to and quality of health care systems and under-diagnosis of
CVD. For example, the Global Health Observatory (GHO) data from the World Health
Organization showed that in 2011 the density of physicians per 1,000 population was 1.491
in China and 0.743 in India (World Health Organization 2016). China also had 5 times more
hospital beds per 1,000 population than India (World Bank 2016a). To illustrate this
complexity of SES-CVD association in developing countries, a recent meta-analysis showed
that the association between SES and hypertension in rural populations of low- and middle-
income countries in Asia may vary according to geographical regions (Busingye et al. 2014).
Educational status and hypertension were inversely associated in East Asia, but positively
associated in South Asia.

In this study, we used data from the China Health and Retirement Longitudinal Study
(CHARLS) and the Longitudinal Aging Study in India (LASI) to analyze the relationship
between cardiovascular risk factors (CVRF) and SES, particularly education attainment and
per capita consumption, a preferred indicator of economic status in developing countries.
Our main aims are to examine SES gradients of CVRF in China and India, and enumerate
how the SES gradients of selective health parameters differ significantly between the two
countries. These cross-country variations may help to shed light on different underlying
causal pathways in national contexts.
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Study design and participants

Measures

The China Health and Retirement Longitudinal Study—CHARLS is a longitudinal
national survey representative of the middle-aged and elderly population (45 years old and
above) in China. The details of this study have been described elsewhere (Zhao et al. 2014).
Briefly, the CHARLS baseline national survey was a multi-stage, stratified, random sample
drawn at the county, neighborhood, and household levels. A total of 17,708 participants from
10,257 households were interviewed during the baseline survey.

The CHARLS questionnaire was conceptually comparable to the one used by the HRS.
Information was collected on basic demographics, family, health status, health care,
employment, and the household economy. Health-related questions included self-reported
health status, previous medical history, lifestyle, health behaviors, and activities of daily
living. Anthropometric and other physical measurements were taken, which included height,
weight, waist circumference, and blood pressure. For this analysis, we included 9,947
participants, who had complete data from the interview and the physical examination. The
CHARLS study was approved by the ethical committee of Beijing University.

The Longitudinal Aging Study in India—LASI is a panel survey representative of
persons at least 45 years of age in India. Its pilot study was fielded in 2010 (Arokiasamy et
al. 2012). To capture regional variations, this pilot study included two northern states
(Punjab and Rajasthan) and two southern states (Karnataka and Kerala). The study sample
was drawn using a stratified, multistage, area probability sampling design based on the 2001
Indian Census. Previous analysis showed that the overall demographic characteristics of the
LASI pilot sample are congruent with the population characteristics of India (Arokiasamy et
al. 2012).

Like CHARLS, the LASI survey instrument has been designed to collect information that is
harmonizable to the HRS, and includes variables on demographics, family structure and
social network, housing and environment, health and health behaviors, health care
utilization, work and pension, income, assets, debts, and consumption. LASI also measured
anthropometric parameters and physical performance, and collected dried blood spot (DBS)
specimens using a standardized protocol (Lee et al. 2015). The analysis in this paper is
restricted to 1,460 respondents who were at least 45 years old. The LASI pilot study was
approved by the ethical committee of the International Institute of Population Sciences
(IIPS), Mumbai.

Socioeconomic status—We used education attainment and per capita household
expenditure as the main SES measures. In developed countries, education has been found to
be the strongest measure of SES in relation to health (Smith 2007a, 2007b), influencing
health through multiple pathways, including health behaviors and access to healthcare (Lee
2011). We categorized education level into four groups: illiterate, literate but less than
primary education, primary school, and junior high school or above, based on a respondent's
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self-reported highest level of attainment. We also include spouse's educational attainment,
because for women in China and India, husbands' education might be a better proxy of SES
than her own education.

We used per capita household expenditure as another measure of SES. This measure is
preferred to income as past studies reveal that consumption is a better indicator of economic
status in low-income and rural settings (Strauss et al. 2010). Consumption was measured at
the household level, and was constructed from a sequence of questions that asks about
expenses incurred over the previous year. The categories included: food (purchased, home-
grown, and meals eaten out), household utilities (e.g., vehicle or home repairs,
communications, fuel), fees (taxes, loan repayments, insurance premiums), purchases of
durable goods (including clothing), education and health expenditures, discretionary
spending items (alcohol and tobacco, entertainment, holiday celebrations, and charitable
donations), transit costs, and remittances. The household consumption burden was
calculated by taking the total household yearly consumption divided by total household
members as a per capita measure. LASI provided imputed data for missing values using a
hot deck method in STATA (Chien et al. 2013), and we control for impute consumption in
the models to adjust for any systematic bias due to missing data for some components of
household consumption. CHARLS did not provide imputed data. Therefore, we imputed
household expenditure for 1,424 (14%) participants with missing data. For the imputation
process, the unit of observation was the individual. Statistics were weighted using
respondent-level cross-sectional weights, which accounted for household and individual
non-response. Total household consumption included imputed values using a similar hot-
deck imputation procedure to LASI (Chien et al. 2013). In order to compare consumption
across the two countries, the measure was converted to US dollars and adjusted by
purchasing power parities (PPP) (World Bank 2011).

There are significant rural-urban differences in SES and health status in both China and
India. Therefore, we included rural residency in our models to control for its potential
confounding effects.

Cardiovascular risk factors—Waist circumference (in centimeters), weight (in
kilograms), and height (in centimeters) were measured based on a standardized protocol. For
adiposity, we used two related but independent measures: waist circumference and body
mass index (BMI) (Tanamas SK et al. 2015). For waist circumference, we created an
indicator for obesity if a male respondent's waist circumference was greater than 102 cm (40
inches) or a female respondent’s waist was greater than 88 cm (35 inches). BMI was
calculated as weight in kilograms divided by height in meters squared. Obesity was defined
as BMI equal to or greater than 30 kg/m?.

Information regarding hypertension was obtained in several ways. A binary variable
indicating ‘self-reported diagnosis of hypertension’ was created based on the following
question: “Has any health professional ever told you that you have high blood pressure or
hypertension?” Another binary variable indicating taking medication to treat or control
hypertension was created based on the question: “Are you taking any medication to treat or
control your hypertension?” As part of the physical measurements, both CHARLS and LASI
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field investigators measured blood pressure 3 times, using Omron automatic blood pressure
monitors. We created a binary variable for ‘measured hypertension’ if the mean systolic
blood pressure was at least 140 mm Hg or mean diastolic blood pressure was at least 90 mm
Hg. Because under-diagnosis of hypertension may be common in certain Chinese or Indian
populations due to low education level or lack of access to health care, we defined ‘total
hypertension’ as either having ever been diagnosed by a health professional, taking
medication for hypertension, or hypertensive based on blood pressure readings at the time of
the study interview.

Statistical methods

We examined sex and country differences in age, SES measures, and CVRF. The overall and
sex-specific descriptive statistics are presented. We accounted for survey design and used
survey weights in descriptive inferences. First, we formally tested sex differences within the
countries, and then tested sex-specific country differences between China and India. The
chi-squared test was used to determine statistical significance for these differences.

Next, we performed sex-specific multivariable logistic regression analyses to examine the
association between sociodemographic characteristics and CVRF for the two countries. The
sociodemographic variables included in multivariable Model 1 were age categories (45-59,
60-74, and 75 and older), residency in rural or urban areas, respondent's education
attainment, and per capita expenditure. We converted per capita expenditure values in each
country to international dollars using purchase power parity (PPP) rates (World Bank 2011)
and performed a log transformation. To control for possible clustering effects, we also
included county dummy variables for CHARLS and state dummy variables for LASI. The
cardiovascular risk factors examined were high-risk waist circumference, high body mass
index, and hypertension based on self-reported physician diagnosis, medication use, or
objective blood pressure examination. In Model 2, we also included spousal education
attainment, in addition to the variables in Model 1.

Finally, we conducted a sensitivity analysis among LASI respondents to explore whether
caste may influence the relationships between SES and CVRF in India. Respondents had
self-reported membership in scheduled castes, scheduled tribes, other backward class, or all
“others” including “no caste.” Scheduled castes and scheduled tribes are particularly
disadvantaged due to a historical legacy of inequality; scheduled tribes often represent more
geographically isolated, ethnic minority populations, while scheduled castes are generally
characterized as socially segregated by traditional Hindu society, often excluded from
education, public spaces (such as wells for drinking water and temples), and most other
aspects of civil life in India (Subramanian et al. 2008). Many respondents are considered by
the Government of India to be a member of an other backward class (OBC). While less
marginalized and stigmatized than scheduled castes or tribes, these individuals also face
barriers to economic and educational opportunities (Subramanian et al. 2008).
Approximately 65% of LASI participants belonged to a scheduled caste, scheduled tribe, or
OBC. Our sensitivity analysis indicated that caste had no significant effect on the
relationships between SES and CVRF. Because our sample size had 95% power to detect an
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effect size of 1.5, we excluded caste from our final models. All analyses were done using
Stata version 13.1.

Table 1 summarizes the distributions of sociodemographic characteristics and of
cardiovascular risk factors for CHARLS and LASI participants. CHARLS men and women
were older and less likely to reside in a rural area than their counterparts in LASI, which
reflects the population age structures and urban migration status of these two countries.
Women were less educated in both countries. CHARLS participants had higher education
attainment in general. More than 53% of women in LASI were illiterate. After accounting
for purchasing power parity, the difference of per capita consumption levels between the
countries was not statistically significant.

The overall prevalence rate of high-risk waist circumference or high-risk BMI was similar
between China and India. In both countries, obesity, defined by either waist circumference
or BMI, was significantly more common among women than men. Between women in these
countries, Chinese were more likely to have a high-risk waist circumference, whereas
Indians were more likely to have a high-risk BMI. The overall prevalence of hypertension
was 41.8% in CHARLS and 50.1% in LASI. Further examination of respondents with
hypertension showed that men and women in CHARLS had higher levels of self-reported
diagnosis of hypertension and of taking anti-hypertensive medications than those in LASI,
but were less likely to have elevated blood pressure from the physical examination.

Table 2 shows the multivariable logistic regression analyses of the associations between
sociodemographic variables and waist circumference. For high-risk waist circumference,
compared to participants who were illiterate, the odds ratios for completing junior high
school were 4.99 (95% confidence interval: 1.77-14.06) among Indian men, 3.42 (95%
confidence interval: 1.66-7.05) among Indian women, but 0.74 (95% confidence interval:
0.59-0.92) among Chinese women. However, this association between education and high-
risk waist circumference was not significant among Chinese men. After adjustment for
spousal education levels (Model 2), the odds ratios were 4.61 (95% confidence interval:
1.41-15.10) for Indian men, 2.97 (95% confidence interval: 1.30-6.79) for Indian women,
and 0.69 (95% confidence interval: 0.55-0.87) for Chinese women. Higher per capita
expenditure was also positively associated with high-risk waist circumference among
Indians and Chinese men, but not among Chinese women.

The association between education and high-risk BMI had a similar pattern. After
adjustment for spousal education (Model 2), the odds ratios for completing junior high
school were 2.79 (95% confidence interval: 1.01-7.69) among Indian women, but 0.59 (95%
confidence interval: 0.39-0.89) among Chinese women. (Table 3). Higher per capita
expenditure was also positively associated with high-risk BMI in Indian men and women. In
both countries, rural residents had lower prevalence of obesity, based on either waist
circumference or BMI.
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Hypertension was more common in older adults in both countries and urban residents in
China (Table 4). Higher education attainment was consistently related to prevalent
hypertension in both Indian men and women. For CHARLS, the association was inverted
among women, whereas there were no significant results among Chinese men. Higher
spousal education level was also associated with a lower likelihood of having hypertension
among women. There was no significant association between per capita expenditure and
hypertension in the CHARLS or LASI samples.

Discussion

This comparative analysis of the relationship between SES and cardiovascular risk factors in
China and India indicated that significant heterogeneity exists between sexes and between
countries. Obesity and hypertension are common in both countries. The overall prevalence
of high-risk waist circumference was 22.2% in LASI and 22.9% in CHARLS. The
prevalence of hypertension was 50.1% and 41.8%, respectively. Obesity, based on either
waist circumference or BMI, was positively correlated with higher education levels in Indian
men and women, but inversely associated with education levels among Chinese women. A
similar pattern was observed for the relationship between education attainment and
hypertension, with a positive association in Indian men and women, and an inverse
association in Chinese women. Higher per capita expenditure was associated with high-risk
waist circumference among Indians and Chinese men, and with high-risk BMI among Indian
men and women.

A cross-country comparison of socioeconomic inequalities in illness may provide some
insight into possible causal explanations and potential interventions. For example, by
comparing data from the U.S. HRS and the English Longitudinal Study of Aging (ELSA),
Bank et al. showed that even though US residents are much less healthy than their English
counterparts and the health differences exist at all points of the SES distribution, the
differences between US and English populations cannot be fully explained by universal
lifetime health care access in England (Banks et al. 2006). A similar analysis between China
and India in the future would be integral in further elucidating the role of SES and access to
care in health outcomes.

Our study is unique in using harmonized high quality survey data to compare SES gradients
in CVRF in the two most populous developing countries in the world, which are both
undergoing rapid economic transition but are at different levels of development. The results
indicate that education may have different effects on obesity and hypertension by country
and sex, i.e., higher education attainment may be associated with less cardiovascular risk
factors in Chinese women, but more risk factors among Indian men and women. These
findings are supported by a recent meta-analysis, which also showed that educational status
and hypertension were inversely associated in East Asia, but positively associated in South
Asia (Busingye et al. 2014). Higher education attainment may have multiple, and possibly
opposing effects on cardiovascular risks. On one hand, better education and its associated
economic advantage in developing countries may lead to the adoption of a Western lifestyle,
including increased availability of high-energy and processed food. On the other hand,
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education may increase health awareness, modulate risk behaviors, and provide better access
to health care (Busingye et al. 2014).

This complexity in the relationship between education and CVRF may also reflect the
possibility that China is further advanced than India in economic development and the
epidemiological transition from infectious diseases to chronic medical conditions (Dummer
and Cook 2008). Even though Chinese and Indian economies are both success stories of
globalization and are often treated as broadly similar in their growth potentials, they are
different in many aspects, including GDP growth rates in the past two decades, poverty
level, and the nature of economic inequalities. For example, World Bank data indicate that,
during the 20 years from 1995 to 2014, the annual GDP growth rate ranged from 7.3% to
14.2% (average 9.6%) in China and from 3.8% to 10.4% (average 7.0%) in India (World
Bank 2016b). The poverty rate was 14.7% in 2008 in China, compared to 31.4% in 2009 in
India. These two countries also differ in life expectancy, mortality from infectious diseases
(e.g. HIV/AIDS and diarrheal diseases), and access to health care (Ma and Sood 2008). The
age-adjusted mortality rate from communicable diseases was 86 per 100,000 persons in
China, compared to 377 per 100,000 persons in India (World Health Organization 2010).
Our data also showed that Chinese men and women are more likely to report a diagnosis of
hypertension, to take anti-hypertensive medications, and to have hypertension controlled
than those in India. All these indicators seem to support better access to and higher care
quality for hypertension in China. These societal differences may help to explain why the
relationship between education attainment and health status varies across these two
countries.

Similar variations in SES gradients of health have been observed over time and across
countries (Dow and Rehkopf 2010). In the U.S., individuals with higher SES had higher
rates of ischemic heart disease before 1950, but started to have lower rates after that time
period (Breslow and Buell 1963; Pell and Fayerweather 1985). Therefore, it has been
postulated that the aggregate health achievement and/or SES-related health disparities are
not fixed, but rather subjective to time and context-dependent causes, such as patterns of
risky health behaviors and different social and health policies (Dow and Rehkopf 2010). For
example, unlike Chinese smokers, 46% of Indian men smoke bidi (Barik et al 2016), which
may be more harmful than other forms of tobacco consumption (Rahman and Fukui 2000).

Our data showed an inverse association between SES and CVRF among Chinese women,
but not among Chinese men. The exact reasons are not clear. It has been postulated that
women with low SES experience more psychosocial disadvantage than men because of a
higher likelihood of being unemployed and/or depressed, and thus they may be more at risk
for the development of cardiovascular diseases due to the relationship between low SES and
stress-related neuroendocrine dysfunction (Chichlowska et al 2009).

LASI data showed that the prevalence of high-risk waist circumference was 22.2% and the
prevalence of hypertension was 50.1%. These estimates are generally consistent with other
reports from India. One study of 6,198 subjects living in 11 cities in India indicated that the
prevalence of high waist circumference was 35.7% in men and 57.5% in women (Deedwania
et al. 2014). Previous studies have also suggested prevalence rates for hypertension in India
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to be 29-45% in men and 25-38% in women (Bansal et al. 2012). Therefore, the LASI pilot
sample appears to be similar to the general population in India in health outcomes as well as
in demographic characteristics.

Our study has several important strengths. First, both CHARLS and LASI are comparable to
the HRS in the U.S. and have harmonized SES and health indicators, allowing for more
accurate cross-country comparisons. Second, both studies have objective measurements of
anthropometric and physical parameters. Therefore, our evaluation of cardiovascular risk
factors does not entirely depend on self-reported information, which could suffer from
severe under-reporting for some disadvantaged populations. Third, CHARLS is a nationally-
representative sample with a large sample size. Although the LASI pilot study only included
four states, the characteristics of the LASI pilot sample are congruent with the population
characteristics of India. Power calculations indicated that the LASI sample had adequate
power to detect at least a moderate effect size.

Some limitations of our study should also be noted. Even though both CHARLS and LASI
are designed as longitudinal studies, this analysis is cross-sectional in nature. While it is
unlikely that the current status of cardiovascular risks would have an impact on prior
education attainment, conditions such as obesity and hypertension could affect expenditure,
leading to temporal ambiguity in the association. The clinical diagnosis of hypertension
should be made based on consistently elevated blood pressure. Given the nature of the field
survey, neither CHARLS nor LASI was able to ascertain a respondent's blood pressure level
on a separate occasion. Thus, it is possible that our analytic approach has misclassified a
small number of hypertensive cases who were diagnosed based on our physical examination
alone. Lastly, there are significant rural-urban differences in SES and health status in both
China and India. Although we have tried to control for the effects of rural residency in our
models, our study sample size is too small to allow for further exploration on how the SES-
CVREF relationship differs between rural and urban areas.

Despite these limitations, our study indicates that SES is associated with cardiovascular risk
factors in both China and India. However, the relationship varies across these two countries.
This complexity may suggest different underlying causal pathways linking SES to CVD,
which may be related to different stages of socioeconomic development. Longitudinal data
from CHARLS and LASI will allow us to further investigate these biological pathways and
to explore potential interventions aimed at reducing CVD risks in China and India as these
two countries continue their trajectory of rapid economic growth.
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