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Abstract

Background: The actual distribution of stroke and myocardial infarction (MI) associated with social economic status
(SES) among the Chinese population is unclear. We aim to understand the development of disparity in stroke and
myocardial infarction (MI) across different income groups in Chinese population.

Methods: Data about stroke and MI disease, income, gender, and areas were obtained from China Chronic Disease
and Risk Factor (CCDRF) Survey in 2007, 2010, and 2013. Respondents were categorized into different income groups
according to their income rank, disease rate was calculated in each group, and difference in disparities between
genders, health behaviors, and areas were further identified. Association of disease prevalence rate and income was
verified by logistic regression. Trends in stroke and MI disease prevalence rate across income gradients; trends in the
correlation between stroke and MI disease prevalence rate and income over time; variation in stroke and MI disease
levels and its disparity across income groups by gender, region, and health behavior. Disease prevalence rate is age-
adjusted by using China census 2010 population structure as a standard.

Results: Three waves of survey were included, the sample size in each wave was 45,095 (year 2007), 84,117 (year 2010),
and 134,962 (year 2013). Four major findings were delivered. First, the stroke and MI prevalence rate of Chinese population
increased from 2007 to 2013. Second, for each survey wave, a negative correlation between stroke and MI risk with income
was identified, and this correlation became weaker over time. The gap in stroke and MI prevalence rate between the
richest people and the poorest people decreased from 2007 (gap = 2.5 percentage points) to 2013 (gap = 1.6 percentage
points). Third, the identified health inequality varied across genders, regions, and health behaviors. For example, female
population used to face a sharper decline in prevalence rate when income grew, this correlation, however, faded over time.
The rural-urban difference in disease risk was found to be the largest in the bottom income group (in 2013, the prevalence
rate in urban area was 5%, which was 1.8% higher than rural places), this rural-urban difference converged as income
increased. Fourth, conditioning on the smoking behavior, the negative association of income and stroke and MI prevalence
rate was identified, however, conditioning on the drinking behavior, the association of income and disease morbidity was
inconclusive.
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Conclusion: During 2007 and 2013, the Chinese residents experienced a growth in stroke and MI prevalence rate,
meanwhile, the increase in income was associated with a decrease in prevalence rate. However, this health disparity
became weaker over time since the prevalence rate was more equally distributed across income gradients as time passed
by. Although male population faced a systematically higher stroke and MI disease risk than female, the prevalence disparity
in different income groups were similar in both sexes in 2013. In addition, there were also regional differences in inequality
in terms of the association of disease and income.

Keywords: Stroke, MI, Prevalence, Inequality, Social economic status

Background
China achieved significant in economic growth after de-
cades of development. In 2013, the gross domestic product
(GDP) of China measured at purchasing power parity
(PPP) reached 1622.2386 billion, which surpassed the GDP
of the United States for the first time in modern history,
according to World Bank database1 While China’s GDP
remains higher than the US, the per capita GDP in China is
still at a relative low level at 8123.2 USD (in current USD
for year 2016) compared with countries like the United
States, where per capita GDP is 57,466.8 USD. Because of
income inequality in China, per capita GDP is dramatically
lower in some interior regions, meaning overall develop-
ment level is misleading of China’s current economic
status.
In consideration of the long discussed health-wealth link-

age, where income and health are argued to be positively
correlated, the association between economic inequality
and health disparity is also a substantial and an important
research topic [1–9]. In the field of inequality research, a
plenty of issues have been revealed. For example, in the U.
S, the disparity in life expectancy across individual income
percentiles is illustrated thoroughly and the results show
that the gap in life expectancy between the wealthiest and
poorest population is 14.6 years [7]. The prevalence rates of
diabetes, hypertension, stroke, and lung disease in England
decrease as income grows, and also England residents are
much healthier than their US counterparts at all points of
the socioeconomic statuses (SES) [6]. Currently, the discus-
sion of income inequality and health disparity is much
more sufficient in the United States, United Kingdom and
Europe than that in China. However, for the country that
owns world’s largest population and highest economic
growth, an in-depth study on the correlation between
income inequality and health disparity is in urgent need.
The epidemiology of China’s population is expected to ap-

proach that of developed countries, with the rise of non-
communicable diseases becoming the leading cause of death.
2 But given significant within-country variation in economic
development, the occurrence of non-communicable disease
burden is expected to vary as well across SES. Therefore, the
actual distribution of chronic disease associated with SES
among the Chinese population is worth exploring, as the

distribution has consequences for one fifth of the world’s
population.
Our study is distinguished from previous studies in two

aspects: 1) Firstly, we concentrate on the inequality of
stroke and MI prevalence in the income group which en-
riches the disease category in current discussions about
health inequalities. 2) Secondly, this paper focuses on
China which is seldom studied in health disparity area by
employing a unique national representative data of China.

Objectives
In this paper, we examine stroke and myocardial infraction
(MI) disease, the leading cause of death among chronic
diseases both in China and the world more broadly3, as the
measure of non-communicable disease and investigated its
distribution and time trend in response to household
income—one of the most commonly used measurements
of SES—in a nationally representative sample of China. In
doing so, we sought to answer following questions: 1) What
is the association between stroke and MI and household in-
come in China? 2) What is the trend of this association
over time? 3) Is there variation in disease-income relation-
ship among genders or regions? 4) What do these gaps look
like conditional on health behaviors?

Methods
Data
This study was conducted by the National Health and
Family Planning Commission (NHFPC) Disease Control
Bureau (DCB). The dataset employed in this analysis
comes from the China Chronic Disease and Risk Factor
(CCDRF) Survey directed by the China Center for Dis-
ease Control Chronic Disease Control Center (CDC).
This survey employed a multistage stratified cluster ran-
dom sampling method in investigating the chronic dis-
ease prevalence among Chinese adults, in which
geographic regions, urban-rural location, socioeconomic
situation, and population size were considered, more de-
tails are available in previous studies [10–12]. The ran-
dom sampling survey began in 2004 and more than 30,
000 individuals were surveyed. For the following waves
of survey launched in 2007, 2010, and 2013, more adult
individuals were included in this survey which led to the
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increase in random sample size. In 2013, the sample
reached more than 134,962 individuals that have infor-
mation on income. Data related to both chronic disease
and household income is collected, and observations
with missing record in income, stroke and MI, individual
identification number (ID), and weights4 were excluded
from this analysis.5 China census 2010 population age
distribution is implemented in adjusting disease preva-
lence rate.

Measures of health and health behaviors
Our analysis was based on the survey data in 2007, 2010,
and 2013. For 2007, respondents’ self-report on stroke and
MI condition through the question “Have you been diag-
nosed with stroke or MI by a rural/community level doctor
or above?” and the answers were recorded as a binary vari-
able, where one stood for having being diagnosed of stroke
or MI and zero meant none. For 2010, the question was
“Have you experienced a MI or stroke for the past 12
months?” and the answers were recorded as a binary vari-
able, one represented for having experienced stroke or MI
and zero meant none. For 2013, the MI and stroke relevant
questions were “Have you been diagnosed with stroke or
MI by a county level medical institutes or above?” and the
answers were recorded as a binary variable, one repre-
sented for having being diagnosed of stroke or MI and zero
meant none. The stoke and MI questions in 2010 and
2013 are not consistent with 2007, which may lead to an
overestimate or underestimate in stroke and MI prevalence
rate compared with the situation in 2007.6In order to draw
a picture of stroke and MI prevalence conditional on
health behaviors, smoking and alcohol consumption were
also considered. People who reported ever smoking are
marked as ever-smokers7 and people who had an excessive
drinking behavior defined by CDC is identified as
excessive-drinker, people who drink but without excessive
drinking behaviors is categorized as seldom-drinker, people
who do not drink at all is identified as non-drinker.

Income gradient
Household income information was identified through the
question “How much is your family income per year or
month?” The response rates of this question were 92, 80,
and 76% for 2007, 2010, and 2013, respectively. We in-
clude all the responded samples as our data in analysis. In
each survey wave, we categorized income groups in two
ways: first, we ranked people by household income and
then split them into 10 income groups according to decile.
These steps were implemented in overall, male, female,
urban, rural, eastern, central, and western samples. Sec-
ond, in each income decile in the overall sample, preva-
lence rate among age groups, genders, and locations were
compared. T test was implemented in calculating the 95%

confidence interval of prevalence rate in each income
decile.

Econometric approach
All analyses were weighted by appropriate sample weights
and used STATA 14.0 (STATA Corp). Correlation analysis
(in Additional files) between stroke and MI and income
was calculated through Pearson correlation method. Re-
gressions of stroke and MI on income was implemented
through Logistic models; statistical significance was re-
ported with thresholds of 0.1, 0.05, and 0.01; and coeffi-
cients were allowed to differ among subsamples.

Results
Overall distribution of stroke and MI by household
income
The mean income in the 3-year pooled sample
was 4123.704 (95% confidence interval 4090.488 to
4157.073) USD per household and the pooled stroke and
MI prevalence rate was 1.34% (95% confidence interval 1.3
to 1.38%). The mean household income in 2007, 2010, and
2013 was 2894.2 95% confidence interval 2815.787 to
2972.723), 3600.937 (95% confidence interval 3542.011 to
3659.426), and 6178.376 (95% confidence interval 6131.751
to 6225.106) USD, respectively (See more details on income
distribution in Additional file 1: Table S1. Correspondingly,
the stroke and MI prevalence rates were 1.23% (95% confi-
dence interval 1.13 to 1.38%), 0.91%(95% confidence inter-
val 0.85 to 0.98%), and 1.899%(95% confidence interval 1.83
to 1.97%) across the three survey waves.
Figure 1 illustrates the overall distribution of stroke

and MI by household income decile: the dashed line
with hollow circle represents 2007, the dashed line with
hollow triangle stand for 2010, and the solid line with
solid diamond presents data from 2013. Generally, there
was a significant increase in stroke and MI prevalence
rate since 2007. (The 2010 stroke and MI questions were
less comparable since it required that respondents
should report the disease event occurred within past 12
months.) For the richest people, the difference in stroke
and MI prevalence between 2013 (1.4%(95% confidence
interval 1.2 to 1.67%)) and 2007 (0.8%(95% confidence
interval 0.51 to 1.09%)) reached 0.6%, which means,
compared with 2007, there were 6 more people with
stroke and MI in every thousand residents for the
wealthiest households in 2013. The increase in stroke
and MI prevalence within the poorest households was
smaller than that of the richest households. The down-
ward trend in prevalence rate over income deciles, which
shows the highest prevalence rate in the first decile and
the lowest prevalence rate in the last decile, reveals the
health inequality between rich and poor households. In
the 2013 wave, however, this inequality in stroke and MI
burden is partially mitigated given that the downward
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trend becomes less significant when the first income de-
cile is excluded.8

Decomposing the population into three age groups in
each income gradient in 2013 provides a picture where
the stroke and MI prevalence rate was quite steady
across income levels for people aged 18 to 44; a negative
correlation between income and stroke and MI preva-
lence rate among people aged 45 to 59; and even though
there are large fluctuations in the morbidity-income cor-
relation among people aged 60 and above, there is a
slight upward trend of stroke and MI prevalence across
income categories (Fig. 2). These patterns were consist-
ent in both 2010 and 2013 data, however, in 2007, the
trend of prevalence rate in age 60 and above was not ob-
served. By looking into the prevalence rate difference
among age groups between 2010 and 2013, it is apparent
that, although the extent of inequality in stroke and MI
by income gradient was lower in 2013, the gaps between
different age groups increased in 2013.

Gender differences of stroke and MI by household
income
Conditional on each income group, given the situation
in 2013, there was a dramatic decline in prevalence rate
as you move across income deciles (Fig. 3). By depicting
the fitted line in both male and female subsamples, a dif-
ferent relationship between disease and income was cap-
tured in 2007 (Additional file 2: Figure S2-a). The
negative correlation of stroke and MI risk with income
among the female population was noticeably steeper
than in the male subsample, which suggests variation in
higher income’s ability to affect health outcomes. Specif-
ically, in 2007, the trend line of prevalence rate across
income groups in men was flatter than women, moving

from one income decile to the next, males face a smaller
decline in morbidity than females. This pattern, however,
changed in 2010 (Additional file 2: Figure S2-b) and
2013 (Fig. 3-b). Compared with 2007, higher income was
associated with a lower stroke and MI prevalence among
males in 2010, although the relationship was still weaker
than that among females. In the 2013 wave, the negative
association between income and stroke and MI risk was
almost parallel for males and female.
The prevalence rate disparity between genders was also

observed, although it was not systematically significant
across income categories, such as depicted in Fig. 3-a. In
2007 (Additional file 2: Figure S2-a), women possessed a
higher stroke and MI rate in the first four income deciles,
but in the highest income deciles, this relationship
inverted. Plotting out the difference in stroke and MI rates
between males and females, the predicted correlation line
revealed an increase in inequality in stroke and MI risk
between genders as income decile increased (Fig. 3-c). In
2013, the gender difference in stroke and MI prevalence is
much smaller than that in 2007. The gap in prevalence
rate between male and female populations, however,
remained stable across income categories. The slope of
predicted line in the 2013 gender difference is flatter than
that in 2007, which indicates the extent to which inequal-
ity between genders across income groups mitigated: in
2013, income inequality has less of a differential impact
across gender although absolutely levels of prevalence rate
remain. In addition, the findings in the most recent year
in our database showed that, the stroke and MI morbidity
gap between females and males grows as income category
increases, which revealed the fact that, in general, the
stroke and MI condition is relatively equal across genders
among low income households, even though men have a

Fig. 1 The Overall Distribution of Stroke and MI across Income Gradient
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Fig. 2 Distribution of Stroke and MI across Income Gradient, in Age Groups. a Trend of Prevalence Rate in Age 18-44, Age 45-59 and Age 60+.
b Fitted Trend of Prevalence Rate, Age 18-44, Age 45-59 and Age 60+. c Difference in Prevalence Rate between Age 18-44 and Age 60+
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Fig. 3 Stroke and MI Difference between Genders. a Trend of Prevalence Rate in Female and Male. b Fitted Trend of Prevalence Rate, Female and
Male. c Difference in Prevalence Rate between Male and Female
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high prevalence rate than women. However, as income
level increases, the inequality in stroke and MI prevalence
rate between male and female emerges.
Given the different association of stroke and MI preva-

lence rate with income across male and female populations,
we estimated Logistic regression models on stroke and MI
prevalence. The dependent variable was the binary stroke
and MI condition of respondent, and the key independent
variables were different income groups. Table 1 Column [2,
3] show that, relative to the lowest income group people
(0~20%), the odds ratio of having stroke and MI of women
in high-income groups decreases, which means that women
with high income have a lower chance of getting a stroke
or MI. Specifically, the odds ratio of having stroke or MI of
female cohort in the highest income group (80~100%) is
62.13% (1 − e−0.971) less than their counterparts in the low-
est income group. On the other hand, male cohort in
higher income percentiles does not have a statistical signifi-
cant decrease in the relative risk of getting stroke or MI.

Urban-rural difference of stroke and MI by household
income
The changes in the trend of stroke and MI morbidity by
income for urban and rural areas over survey waves
were very different. Specifically, for rural area, the in-
come and stroke and MI prevalence rate correlation
trend had a sharper, downwardly sloped line in 2007
(Additional file 2: Figure S3-a), this phenomenon does
not hold, however, in 2010 (Additional file 2: Figure S3-
b) and 2013 (Fig. 4-b). The inequality in stroke and MI
between rich and poor became less severe in 2013, al-
though there was a significant increase in prevalence
rate. For urban areas (Additional file 2: Figure S3 and

Fig. 4), from the fitted line, income is positively corre-
lated with reduced stroke and MI rates since 2007 as
there was a slight increase in the slope of disease-
income trend line.
By looking specifically into the urban-rural difference

in 2013 (Fig. 4-c), conditional on the income groups di-
vided in the full sample, urban stroke and MI prevalence
rate was higher than rural prevalence rate. But most of
these differences were not statistically significant, given
the overlapping confidence interval of these morbidity
rate. In fact, the trend of urban-rural disparity in preva-
lence along with income growth experienced a transition
from 2007 to 2013. In 2007, along with the rise in
household income, the urban-rural disparity in stroke
and MI prevalence rate increased as well. In 2013, the
correlation of income and urban-rural prevalence rate
disparity became negative, which means, for the poorest
people, the difference in stroke and MI prevalence was
larger than that in the rich cohort. This negative correl-
ation is mainly due to the huge gap in the first income
decile. Table 1 Column [4, 5] provide the regression re-
sults in the urban and rural samples separately. After
controlling for gender, geographic factors, job type, edu-
cation background, and health behavior, relative to the
first quintile income group, people who lived in rural
areas with a higher income had a decline in the odds ra-
tio of getting stroke and MI, however this effect was not
statistically significant in urban areas.

Regional difference of stroke and MI by household
income
The prevalence rates in eastern, western, and central
China are quite similar in 2007, but the gaps among

Table 1 Stroke and MI and Its Correlation with Income, Pooled and Subsample Analysis

Pooled Male Female Rural Urban

Variables [1] [2] [3] [4] [5]

Income

20~40% − 0.231** − 0.0370 −0.349** − 0.115 −0.178

(− 2.097) (− 0.358) (− 2.026) (− 0.793) (−1.017)

40~60% − 0.504*** − 0.253** −0.838*** − 0.438*** −0.0904

(− 2.827) (− 1.963) (− 3.469) (− 2.592) (− 0.375)

60~80% − 0.238 0.119 − 0.608** −0.309** − 0.183

(− 1.374) (0.706) (− 2.388) (− 2.065) (− 0.888)

80~100% − 0.541*** − 0.165 − 0.971*** − 0.573*** − 0.304

(− 2.739) (− 1.021) (− 3.584) (− 3.922) (− 0.884)

Weighted Obs. 1,601,683,722 878,822,001 722,529,940 1,176,985,245 424,698,477

Year Y Y Y Y Y

Fixed Effects Province Province Province Province Province

Notes: Robust z-statistics in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. The results in table were from three-year pooled data. All regressions were controlled
for Gender, Rural-Urban status, East, West, and Central regions, Drinking Behavior, Job Type, and Age Groups. Logistic regression results are expressed in the form
of natural logarithm odds ratio
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Fig. 4 Stroke and MI Difference between Urban and Rural places. a Trend of Prevalence Rate in Rural and Urban. b Fitted Trend of Prevalence
Rate, Rural and Urban. c Difference in Prevalence Rate between Urban and Rural
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regions enlarged over time; primarily reflected by the gap
between central provinces and the rest of China. In 2013,
central China possessed the highest stroke and MI rate of
all three regions in upper-, middle-, and low- income de-
cile. The morbidity rates in the three regions in the high-
est income decile somehow convergence (Fig. 5).
Comparing stroke and MI morbidity among the three

regions of China in each survey wave showed that, in
2007, within central China, the morbidity-income correl-
ation had a sharper rate than the other two regions (Add-
itional file 2: Figure S4-a). This means that higher income
had a similar association with stroke and MI rate for both
eastern and western China, and this association was more
modest than that in central China. In 2010, the gap
between the eastern and western regions emerged as well
(Additional file 2: Figure S4-b). Income showed its power
in prohibiting the prevalence of stroke and MI in eastern
and central China in both 2010 and 2013 (Fig. 5-b). This
relationship was insignificant in western China, however,
which means, not considering other confounding factors,
the inequality in stroke and MI between rich and poor
was the most moderate in western China. Those findings
suggested that there may be factors other than income
that affect stroke and MI prevalence among western
populations. Regional morbidity inequality analysis also
suggests that, moving up the income deciles, the gaps in
stroke and MI risk among regions declined.
Logistic results showed that, for the whole sample con-

sisting of three waves of survey data, relative to the bottom
quintile income population, higher income levels in the
eastern were connected with reductions in stroke and MI
prevalence, and this effect was consistent with 2013 data
analysis. The most interesting results come from the ana-
lysis of the central region. This model shows that, after
controlling for age, gender, urban-rural status, education,
and health behavior, the most significant decline in stroke
and MI rate was the highest quintile in pooled data. The
association of income with stroke and MI morbidity was
quite ambiguous in 2013, which is inconsistent with as
what had been shown in Fig. 5-b. Conversely, the result
from the western remained consistent with Fig. 5-b. As a
robustness check, we treated categorical income vari-
ables as continuous and this also yielded similar re-
sults as Table 2.

Health behavioral difference of stroke and MI by
household income
In 2007, for the poorest people in our dataset moving up
one decile the stroke and MI rate fell to less than half of
the prevalence in lowest income deciles (Additional file 2:
Figure S5-a). Beginning with the third income decile, the
stroke and MI prevalence rates of non-smokers9 stayed at
a very low level, while that of people who had ever smoked
rose a little bit moving up income deciles. From the fitted

line generated through an OLS regression, the negative as-
sociation of income and stroke and MI rate was stronger
among non-smokers.
However, the relationship between income and stroke

and MI prevalence in the ever-smoker population was
stronger in 2010 (Additional file 2: Figure S5-b) compared
with that in 2007. This made the fitted lines in both non-
smoker and ever-smoker populations almost parallel. The
fitted lines in Fig. 6-b also show the decreasing trend of
morbidity across income gradient was consistent between
ever-smoker and non-smoker, the descending trend in
odds ratio with the increase in income is confirmed by
empirical analysis (Table 3 Column [1, 2]).
All in all, people with a smoking history ended up in a

higher stroke and MI risk, (Fig. 6-b), as expected, and
the gap between ever-smoker and non-smoker popula-
tions increased over time. Ever-smokers faced greater
fluctuations in stroke and MI risk across income deciles
looking across each income group and year. Also, there
was a slight negative correlation between income and
disease disparity between ever-smoker and non-smoker.
By categorizing people into different drinking behavior

groups, people who drink excessively in the 2010 and
2013 samples reported a lower stroke and MI risk, this
relationship may reflect the self-selection in drinking be-
havior. The stroke and MI risk of people who seldom
drank or did not drink at all had a steady, negative re-
sponse to income. Additional file 2: Figure S6 shows the
upward trend of the fitted line generated by the stroke
and MI rate and income of drink excessively group,
which indicates that a higher income was associated
with a greater stroke and MI risk. Nevertheless, this
trend changed in 2013 (Fig. 7-b), which once again
showed that lower income was correlated with higher
stroke and MI risk. The empirical analysis also showed
the ambiguity in the income-morbidity linkage in popu-
lation with drinking behavior (Table 3 Column [3, 5]).

Discussion
The health and wealth linkage is often debated because
the underlying policy implications play a vital role in so-
cial welfare. Therefore, identifying the health-wealth dis-
tribution built on real world data is still the essential
first step in understanding this well-known connection.
At the current ex-post stage of epidemiology transition,
in order to detect the potential health disparity within
the Chinese population and its components, such as
variation in gender and urban-rural status, through
implementing a national representative survey data
conducted by China CDC Chronic Disease Control
Center, this study explored the development of stroke
and MI prevalence in each household income decile.
The prevalence rate is age adjusted by using China cen-
sus population in 2010.

Yao et al. International Journal for Equity in Health           (2019) 18:85 Page 9 of 15



Fig. 5 Stroke and MI Difference among Eastern, Western, and Central Regions. a Trend of Prevalence Rate in East, Central and West. b Fitted
Trend of Prevalence Rate, East, Central and West. c Difference in Prevalence Rate between East and West
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Key results and interpretation
Stroke and MI burden and its association with income
One of the main conclusions is that, from the three
waves of data, the stroke and MI burden has grown sig-
nificantly as stroke and MI risk reported in every income
decile in 2013 almost doubled levels seen in 2010 and
2007. Looking across income deciles, there was a clear
inverse relationship between income and stroke and MI
morbidity. That was to say, stroke and MI risk declined
in higher income deciles. The majority of this reduction
occurs when moving from the lowest income decile
towards higher deciles. The difference in prevalence rate
between cohorts in the top 10% and bottom 10% of full
sample distribution in 2013 was 1.9%.
The disease-income relationship weakened over time.

On one hand, this result shows greater equality between
rich and poor people—both rich and poor people face a
similar stroke and MI risk. On the other hand, it is an
indication that income might not be as important as it
used to be in stroke and MI control and prevention, all
else equal. As such, exploring the non-economic impact
factors in high or low stroke and MI prevalence are even
more important.

Stroke and MI disparity and its association with income
Prevalence rate variations across genders and geographic
areas were identified. Generally, men had a higher stroke
and MI rate than women. Higher income levels were
linked to a decrease in stroke and MI prevalence for
both sexes: the correlations for both genders were ap-
proximately parallel in 2013, even though the relation-
ship used to be stronger in female population.
Subtracting the morbidity of females from males yielded

the gender gap, which decreased at higher income levels
in 2013. Once again, the strength of this linkage faded
over time which meant that income used to matter more.
Urban populations faced a more severe stroke and MI
prevalence than rural populations, and central China also
faced a higher rate of stroke and MI than eastern and
western China in 2010 and 2013. In addition, western
China had the steadiest stroke and MI rate among those
three regions. However, unlike the gap between genders,
the urban-rural gap and the regional gap in stroke and MI
prevalence declined at higher income levels.

Stroke and MI difference between health behaviors and its
association with income
People who had ever smoked faced a higher risk in getting
stroke and MI relative to non-smokers. However, people
who drank excessively did not have higher morbidity, this
may due to the endogeneity problem (self-selection) of
drinking behavior. Conditional on drinking and smoking
behavior, income had a negative correlation with stroke
and MI rate, but the strength of this correlation changed
over the years of the survey. The gap between ever-
smokers and non-smokers or excessive-drinkers andnon-
drinkers negatively correlated with income decile, but this
correlation diminished over time.

Limitation
There are many avenues for future work based on the
findings from this study. First, in regard to the large fluc-
tuations in morbidity analysis in some subsample analysis,
the sample size should be expanded in subsequent re-
search in order to capture a more precise stroke and MI
prevalence in some characteristic-specific populations,

Table 2 Stroke and MI and Its Correlation with Income, Subsample Analysis

Eastern Central Western Eastern Central Western

Variables [1] [2] [3] [4] [5] [6]

Income

20~40% − 0.231** − 0.0370 − 0.349** − 0.115 −0.178 − 0.231**

(− 2.097) (− 0.358) (− 2.026) (− 0.793) (− 1.017) (− 2.097)

40~60% − 0.504*** −0.253** − 0.838*** −0.438*** − 0.0904 −0.504***

(− 2.827) (− 1.963) (− 3.469) (− 2.592) (− 0.375) (− 2.827)

60~80% − 0.238 0.119 − 0.608** −0.309** − 0.183 −0.238

(− 1.374) (0.706) (− 2.388) (− 2.065) (− 0.888) (− 1.374)

80~100% − 0.541*** − 0.165 − 0.971*** −0.573*** − 0.304 −0.541***

(− 2.739) (− 1.021) (− 3.584) (− 3.922) (− 0.884) (− 2.739)

Weighted Obs. 1,601,683,722 878,822,001 722,529,940 1,176,985,245 424,698,477 1,601,683,722

Year Y Y Y Y Y Y

Fixed Effects Province Province Province Province Province Province

Notes: Robust z-statistics in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. Column [1] to [3] were regression results from three-year pooled data, Column [4] to [6]
were results by using data in 2013 only. All regressions were controlled for Gender, Rural-Urban status, East, West, and Central regions, Drinking Behavior, Job
Type, and Age Groups. Logistic regression results are expressed in the form of natural logarithm odds ratio
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Fig. 6 Stroke and MI Difference between Smoking Behaviors. a Trend of Prevalence Rate in Never-Smoker and Ever-Smoker. b Fitted Trend of
Prevalence Rate, Never-Smoker and Ever-Smoker. c Difference in Prevalence Rate between Never-Smoker and Ever-Smoker
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such as cohorts with relatively low education or different
occupation types, which will enable researchers to better
understand time trends and changes in disadvantaged
groups. Second, the correlation between stroke and MI
prevalence and health care utilization should be included
in the analysis, which could provide useful information on
the determinants of stroke and MI prevalence in each
cohort yielding better implications for policy making.
Last but not least, in order to conduct a more com-
prehensive analysis between income and stroke and
MI prevalence rate, a more detailed and comprehen-
sive income investigation is needed in future studies.

Comparison with other studies
The present study provided an overview of stroke and
MI prevalence disparity in terms of income gradient in
China, and found that, in general, richer people faced
a better health condition which was quite consistent
with the study conducted by Chetty et al. [7]. In
which, Chetty et al. looked into the life expectancy of
US people across income distribution. Another most
related research came from Wang et al. [13]. Wang et
al. studied the prevalence of stroke in China by using a
national representative sample in 2013, and found that
man had a higher stroke & MI prevalence rate than
women which was also confirmed by our study. Yu et
al. studied the association between social economics
status and cardiovascular risk factors in Tianjin, China
[14]. However, their results revealed the importance of
education in enhancing population health rather than
income, and education mattered more in women than
men.

Conclusion
In our national representative study, the increase in in-
come was associated with a decrease in stroke and MI
prevalence rate, which reveals the health inequality be-
tween rich and poor individuals. However, this health
disparity mitigated over time. In 2013, the prevalence
disparity in different income groups were similar in both
sexes, and the prevalence rate of stroke and MI for male
population is higher. In addition, regional heterogeneity
in income associated disease disparity shows that, mov-
ing up the income deciles, the gaps in stroke and MI risk
among regions narrowed down.

Endnotes
1https://data.worldbank.org/indicator/NY.GDP.MKTP.

PP.KD, Based on PPP estimates.
2WHO Mortality Database. http://apps.who.int/

healthinfo/statistics/mortality/whodpms/
3http://www.healthdata.org/data-visualization/gbd-compare
4The weighting factor is applied to the sampling

scheme with inconsistent sample selection probabilities,
and the post-adjustment weights, which makes the sam-
ple structure of the survey consistent with the sample
structure of the 2010 China Census.

5The missing of ID and Weights means that the record
is incomplete or incorrect in raw data. Sample character-
istics in both missing-data-group and non-missing-data
group is compared and available under request.

6The data for 2007 is based on the diagnosis of doctors
in primary health care institutions; in 2010, it was based
on the presence of disease attack. Therefore, in 2010,
some people were diagnosed but did not experience a dis-
ease attack within past 12months, some may experience a

Table 3 Stroke and MI and Its Correlation with Income, Subsample Analysis

non-Smoker ever-Smoker Excess. Drinker Seld. Drinker Non-Drinker

Variables [1] [2] [3] [4] [5]

Income

20~40% −0.197 − 0.00973 0.0436 − 0.497 −0.186**

(−1.273) (−0.125) − 0.145 (− 1.246) (− 2.070)

40~60% − 0.368*** − 0.241*** −0.163 − 0.584 −0.532***

(− 2.919) (−2.727) (− 0.762) (−1.513) (− 3.514)

60~80% −0.0503 − 0.120 0.122 − 0.183 − 0.311**

(− 0.249) (− 0.827) −0.323 (− 0.389) (−2.013)

80~100% −0.467* − 0.300*** 0.0774 − 0.272 −0.761***

(− 1.949) (−2.669) − 0.222 (− 0.690) (−3.736)

Weighted Obs. 1,002,012,235 592,515,561 447,570,308 341,024,681 942,302,085

Year Y Y Y Y Y

Fixed Effects Province Province Province Province Province

Notes: Robust z-statistics in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. Regression results were from three-year pooled data. All regressions were controlled
for Gender, Rural-Urban status, East, West, and Central regions, Drinking Behavior, Job Type, and Age Groups. Logistic regression results are expressed in the form
of natural logarithm odds ratio
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Fig. 7 Stroke and MI Difference between Drinking Behaviors. a Trend of Prevalence Rate in Excessive-Drinker, Seldom-Drinker and Non-Drinker. b
Fitted Trend of Prevalence Rate, Excessive-Drinker, Seldom-Drinker and Non-Drinker. c Difference in Prevalence Rate between Excessive-Drinker
and Non-Drinker
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disease attack without being diagnosed. So, compared with
2007, the measured prevalence of stroke and MI in 2010
is biased. The stroke and MI relevant question in 2013 is
similar to that in 2007 except for the type of medical insti-
tutions included in. Since some respondents are not diag-
nosed by the county-level medical institutions or above,
so the measured prevalence rate may be underestimated.
At the same time, the costs of different medical institu-
tions are different, so those who do not go to the medical
institutions at or above the county level may because they
cannot afford. Thus, compared with 2007, the 2013 ques-
tion may lead to an underestimation of prevalence rate
within low-income population.

7Due to the limited questions in questionnaires, we define
the ever-smoker and non-smoker from the following ques-
tions: 1. Do you smoke currently? 2. Have you ever smoked?

8In addition, the correlation analysis between disease
prevalence and income was also computed, and all
turned out to be insignificant.

9People is categorized into ever smoked group and
never smoked group due to data according to
questionnaire.
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Myocardial infarction (MI): commonly known as a heart attack, occurs when
blood flow decreases or stops to a part of the heart, causing damage to the
heart muscle. The most common symptom is chest pain or discomfort
which may travel into the shoulder, arm, back, neck, or jaw.

Acknowledgements
We thank the Bureau of Disease Prevention and Control of National Health
Commission of the People’s Republic of China for funding support. We also
thank Samantha Vortherms for her great help in editing. We thank
anonymous reviewers for their constructive comments and suggestions. We
also thank the support from the New Youth Scholar Startup Program of
Shanghai Jiao Tong University.

Authors’ contributions
YY designed the study, analyzed the data and drafted the manuscript. GL
was involved in project design, results interpretation, manuscript revision
and contributed in getting funded. MW contributed in data analysis, drafting
manuscript and manuscript revision. HZ helped in draft revision. LW, ZZ, MZ,
and LW helped with data access. All authors read and approved the final
manuscript.

Funding
This study was supported by grants from the Bureau of Disease Prevention and
Control of National Health Commission of the People’s Republic of China.

Availability of data and materials
The datasets generated and/or analysed during the current study are not
publicly available due confidentiality agreement but are available from the
corresponding author on reasonable request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1National School of Development, Peking University, 5 Yihe Road, Haidian
District, Beijing 100871, China. 2China Hospital Development Institute,
Shanghai Jiao Tong University, Shanghai 200025, China. 3China Center for
Health Economic Research, Peking University, Beijing 100871, China.
4National Center for Chronic and Non-communicable Disease Control and
Prevention, Chinese Center for Disease Control and Prevention, No.27
Nanwei Road, Xicheng District, Beijing 100050, China.

Received: 2 January 2019 Accepted: 21 May 2019

References
1. Kitagawa EM, Hauser PM. Differential mortality in the United States: a study

in socioeconomic epidemiology. Cambridge, Mass: Harvard University Press;
1973.

2. Mackenbach JP, Stirbu I, A-JR R, et al. Socioeconomic inequalities in health
in 22 European countries. N Engl J Med. 2008;358(23):2468–81.

3. Waldron H. Mortality differentials by lifetime earnings decile: implications for
evaluations of proposed social security law changes. Soc Sec Bull. 2013;73:1.

4. Steptoe A, Marmot M. Socioeconomic status and coronary heart disease: a
psychobiological perspective. Popul Dev Rev. 2004;30:133–50.

5. Roux AVD, Merkin SS, Arnett D, et al. Neighborhood of residence and
incidence of coronary heart disease. N Engl J Med. 2001;345(2):99–106.

6. Banks J, Marmot M, Oldfield Z, Smith JP. Disease and disadvantage in the
United States and in England. Jama. 2006;295(17):2037–45.

7. Chetty R, Stepner M, Abraham S, et al. The association between income and
life expectancy in the United States, 2001-2014. Jama. 2016;315(16):1750–66.

8. Currie J, Schwandt H. Inequality in mortality decreased among the young
while increasing for older adults, 1990–2010. Science. 2016;352(6286):708–12.

9. Currie J, Schwandt H. Mortality inequality: the good news from a county-
level approach. J Econ Perspect. 2016;30(2):29–52.

10. Xu Y, Wang L, He J, Bi Y, Li M, Wang T, et al. Prevalence and control of
diabetes in Chinese adults. Jama. 2013;310(9):948–59.

11. Li Y, Wang L, Jiang Y, Zhang M, Wang L. Risk factors for noncommunicable
chronic diseases in women in China: surveillance efforts. Bull World Health
Organ. 2013;91:650–60.

12. Wang L, Gao P, Zhang M, Huang Z, Zhang D, Deng Q, Zhou M. Prevalence
and ethnic pattern of diabetes and prediabetes in China in 2013. Jama.
2017;317(24):2515–23.

13. Wang W, Jiang B, Sun H, et al. Prevalence, incidence, and mortality of stroke
in ChinaClinical perspective: results from a Nationwide population-based
survey of 480 687 adults. Circulation. 2017;135(8):759–71.

14. Yu Z, Nissinen A, Vartiainen E, et al. Associations between socioeconomic
status and cardiovascular risk factors in an urban population in China. Bull
World Health Organ. 2000;78:1296–305.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Yao et al. International Journal for Equity in Health           (2019) 18:85 Page 15 of 15

https://doi.org/10.1186/s12939-019-0986-2
https://doi.org/10.1186/s12939-019-0986-2

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Objectives

	Methods
	Data
	Measures of health and health behaviors
	Income gradient
	Econometric approach

	Results
	Overall distribution of stroke and MI by household income
	Gender differences of stroke and MI by household income
	Urban-rural difference of stroke and MI by household income
	Regional difference of stroke and MI by household income
	Health behavioral difference of stroke and MI by household income

	Discussion
	Key results and interpretation
	Stroke and MI burden and its association with income
	Stroke and MI disparity and its association with income
	Stroke and MI difference between health behaviors and its association with income

	Limitation
	Comparison with other studies

	Conclusion
	https://data.worldbank.org/indicator/NY.GDP.MKTP.PP.KD, Based on PPP estimates.
	Additional files
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

