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Abstract

Background: The purpose of this paper is to measure income-related health inequality among middle-aged and
elderly patients with diabetes in China from 2011 to 2015 and to investigate factors that might be related to this
inequality.

Methods: The data for this study were obtained from the China Health and Retirement Longitudinal Study that
was carried out in 2011, 2013 and 2015. In total, 48,519 Chinese middle-aged and elderly population were included
(15,457 in 2011, 16,576 in 2013 and 16,486 in 2015). A principal component analysis was performed to measure
asset-based economic status. The concentration index was used to measure income-related inequality in patients
with diabetes. Additionally, by used generalized linear model, we decomposed the concentration index to identify
factors that explained wealth-related inequality in patients with diabetes.

Results: The prevalence of self-reported diabetes among middle-aged and elderly Chinese was 5.61, 7.49 and
8.99% in 2011, 2013 and 2015, respectively. The concentration indices and 95% confidence intervals for diabetes
were 0.1359 (0.0525–0.0597), 0.1207 (0.0709–0.0789), 0.1021 (0.0855–0.0942) in 2011, 2013, and 2015, respectively,
which are indicative of inequality that favors the rich. The decomposition of the concentration index showed that
residence (39.38%), BMI (31.16%), education (7.28%), and region (6.09%) had positive contributions to the measured
inequality in diabetes in China in 2015. Age (− 29.93%) had a negative contribution to inequality.

Conclusion: The findings confirm a health inequality in diabetes that favor the rich. Furthermore, the inequality
declined from 2011 to 2015. We suggest that policy and intervention strategies should be developed to alleviate
this health inequality, such as narrow the gap between urban and rural areas by improving the urban-rural medical
insurance scheme, implementing strategies to enhance hygiene health education, control obesity rate.
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Background
Diabetes is a significant public health issue, which ad-
versely influence the lives of millions of individuals glo-
bal [1]. In China, a recent study found that the
prevalence of diabetes in adults was 10.9%, and approxi-
mately 114.4 million people currently suffer from dia-
betes [2]. It is well known that diabetes is a chronic
disease that is influenced by multiple factors. Although
physiological or genetic factors play important roles in
the condition, socioeconomic characteristics can help us
understand inequalities in lifestyle-related disorders such
diabetes and its management [3].
A number of recent studies have demonstrated that so-

cioeconomic status (SES) is the most decisive factor affect-
ing health [4–6]. A relation exists between prevalence of
diabetes and relatively disadvantaged socioeconomic pos-
ition in developing and developed countries [7]. People
are more prone to have diabetes in high-income countries
with a disadvantaged socioeconomic position, while the
opposite association has been found for the people of low-
and middle-income countries [8, 9]. Additional research
report that income, education, occupation, exercise, obes-
ity, behavioral habit are major factors influencing diabetes
[10–12]. Furthermore, the high prevalence of diabetes is
associated with low level of education [13, 14].
Although there is a study that evaluated influence fac-

tors and inequality with respect to the prevalence of dia-
betes [15], there is not enough evidence to confirm trends
of income-related inequality and its determinants of dia-
betes. Therefore, it is necessary to measure income-
related health inequality among the middle-aged and eld-
erly diabetic patients in China and to investigate the fac-
tors that might be correlated with this inequality.

Methods
Data sources
The data of this study is from the China Health and Re-
tirement Longitudinal Study (CHARLS), which is a na-
tional panel data set, conducted by China Center for
Economic Research of Peking University [16]. The
CHARLS collected high-quality data that represent
middle-aged and elderly population over 45 years old
and their families in China, covers 150 county-level
units, 450 village-level units. A multi-stage stratified
probability proportional scale sampling method was used
to ensure that the samples were representative of the
population [17]. These samples are followed up every
two years. In this study, the survey population in 2011,
2013 and 2015 were selected as the research objects.
After excluded observations with missing values, 48,519
Chinese middle-aged and elderly population were in-
cluded (15,457 in 2011, 16,576 in 2013 and 16,486 in
2015). Missing data make up a small amount of overall
data (n = 1104, 6.7%). After excluding missing values,

there is no statistical difference in the basic characteris-
tics of the sample, which does not affect the representa-
tiveness of the sample.

Variables
Health outcomes
Each new survey respondent was queried, “Have you
ever been diagnosed with diabetes by a doctor?” In
follow-up interviews, participants were asked, “Our re-
cords from your last interview show that you have had/
not had diabetes, is this right?” and “have you been diag-
nosed with diabetes by a doctor since your last interview
in the last 2 years?” Participants recorded yes or no re-
sponses to all questions. Respondents who answered
“yes” to any questions were required to provide medical
or hospital records. People who answered“yes” were clas-
sified as having diabetes.

Other variables
Ten categories of factors, which may be related to the
prevalence of diabetes were used in this study [18], in-
cluding age, gender, marriage, education, income, resi-
dence, region, body mass index (BMI), smoke cigarettes
and drinking categories. Marriage was divided into two
categories: married and single. The definition of married
is married couples live with their spouse or cohabitated.
Meanwhile, the definition of single is separated, di-
vorced, widowed or never married. About education, ac-
cording to the respondents’ highest level of education,
the respondents were classified to two categories:
illiterate and literate. Illiterate means no formal educa-
tion. Literate means elementary and higher education, or
didn’t finish primary school but capable of reading and
writing. Residence was divided into urban and rural
areas. According to the division method of the national
bureau of statistics, region was divided into eastern and
central (most developed and less developed) and western
(least developed) regions according to the level of eco-
nomic development and by province. With regard to
smoke cigarettes, according to the respondents who used
to smoke at least 100 cigarettes in whole lifetime and
currently smoked tobacco products or never smoke, was
divided into smoker and nonsmoker. About drink cat-
egories, the respondents were classified as drinker and
nondrinker, based on whether they consumed beer or
any other alcoholic beverage in the past 12 months or
never drunk alcohol.

SES
To measure inequalities in the prevalence of chronic dis-
ease among people with different standards of living,
data on household assets and housing characteristics
were used to construct a proxy index to measure living
standards [19]. In this study, durable consumer goods
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(containing owning an automobile, electric bike, motor-
cycle, fridge, washing appliance, television, computer,
sound system, video camera, camera, air conditioner,
mobile phone, furniture, musical instrument, valuable
decorative items, jewelry, collectibles, precious metals, or
art works), and housing characteristics (including the
type of structure of residence, a one-story or multilevel
building, and having a toilet, electricity, running water,
bathroom facilities, coal gas or natural gas, heating, a
source of cooking fuel, a telephone, and an internet con-
nection) were combined into an index of SES to measure
household living standards.
Principal component analysis (PCA) was used to meas-

ure the SES of households. PCA is a standard factor ana-
lysis method used to describe variation in a set of
variables as linear combinations of the original variables,
in which each continuous linear combination is derived,
to explain variation in the original data as much as pos-
sible, while being uncorrelated with other linear combi-
nations [20]. To perform PCA on the variables related to
SES, qualitative categorical variables were re-coded as
binary variables. Then, all the variables and other con-
tinuous variables were entered into the model. SES was
classified by weighting the first factor of PCA [20]. In
the case of PCA, the wealth index Ai for individual i is
defined as follows:

Ai ¼
X

k
f k

aik − akð Þ
sk

� �
;

where is the value of asset for household, is the sample
mean, is the sample standard deviation, and are the
weights associated with the principal component, is asset
variable.

Statistical analysis
Concentration index (CI)
The CI was used to quantify income-related disparity in
the self-reported prevalence of diabetes. The scope of CI
was − 1 to 1, where 0 represents no income-related in-
equality. A positive CI means that health inequality is
more pronounced among rich people; a negative CI
means that health inequality is more pronounced among
poor people [21]. The formula for calculating the CI is
as follows:

CI ¼ 2
μ

cov y; rð Þ

where y is whether an individual has diabetes, μ repre-
sents the mean of the prevalence of diabetes, and r rep-
resents the fractional rank of income distribution.

Generalized linear model (GLM)
GLM with a binomial distribution and an identity link,
which was used to decompose the CI to obtain the con-
tribution rate of each influencing factor to diabetes
health inequality, as Y is a binary variable. The GLM is
an extension of the linear modelling process that allows
models to be fitted to data that follow probability distri-
butions other than the normal distribution, such as the
binomial distribution [22]. The link function connects
the probability distribution of the outcome variable (the
random part of the model) to the systematic (explana-
tory) part of the model. When the outcome variable fol-
lows a binomial distribution, link functions commonly
used is the probit, giving rise to probit regression.

Decomposition of the CI
The CI was decomposed to determine the selected con-
tributors to inequality in diabetes. In this study, we de-
fined Xk as the socioeconomic factor related to diabetes
prevalence. Thus, the linear regression analysis model of
diabetes prevalence and related factors is as follows [23]:

Y i ¼
X

kβkXki þ εi

where Y denotes the prevalence of self-reported diabetes;
the Xk are related to socioeconomic factors, and εi is the
error term.
The CI may consist of contributions of individual fac-

tors to diabetes prevalence inequality. Each contribution
is the product of the sensitivity of diabetes prevalence
related to the factor and the degree of inequality in that
factor. The CI decomposition was calculated as follows
[24]:

CI ¼
X

k

βk
xk

� �
CIk þ GCIε

y

where y is the mean diabetes prevalence; Xk is the mean
of Xk; CIk is the CI for Xk; and GCIε is the generalized CI
for the error term ε.
All data preparation and analyses were performed in

SAS version 9 (SAS Institute Inc., Cary, NC, USA). The
CI and the 95% confidence interval were calculated
using the bootstrap method. Furthermore, concentration
curves in Fig. 1 were obtained using Stata 12.0.

Results
The demographic characteristics in Table 1 represent
the characteristics of the population of middle-aged and
elderly population over 45 years old in China. Women
comprised slightly over half of the sample in each survey
year (Table 1). Per capita household income exhibited
no clear trend from 2011 to 2015. The average age in-
creased from approximately 59.5 to 61.6 years, and the
proportion of illiterate people and smoker declined
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Fig. 1 Concentration curves, 2011–2015

Table 1 Detailed description of the patients and concentration indices for diabetes

Variable 2011 2013 2015

N (%) N (%) N (%)

Gender

male 7429 (48.06) 7869 (47.47) 7792 (47.26)

female 8028 (51.94) 8707 (52.53) 8694 (52.74)

Age (mean ± SD) 59.3 ± 9.6 60.2 ± 9.8 61.6 ± 9.7

Marriage

married 12,588 (81.44) 13,594 (82.01) 13,308 (80.72)

single 2869 (18.56) 2982 (17.99) 3178 (19.28)

Education

illiterate 4293 (27.77) 4497 (27.13) 4407 (26.73)

literate 11,164 (72.23) 12,079 (72.87) 12,079 (73.27)

Log-Income (mean ± SD) 4.04 ± 0.67 4.01 ± 0.68 3.85 ± 0.68

Residence

urban 5839 (37.78) 6266 (37.80) 6160 (37.37)

rural 9618 (62.22) 10,310 (62.20) 10,326 (62.63)

Region

Central and eastern 10,433 (67.50) 11,083 (66.86) 11,054 (67.05)

West 5024 (32.50) 5493 (33.14) 5432 (32.95)

BMI (mean ± SD) 23.53 ± 3.86 23.81 ± 3.83 23.80 ± 3.75

Smoke

smoker 6205 (40.14) 5897 (35.58) 4968 (30.13)

non-smoker 9252 (59.86) 10,679 (64.42) 11,518 (69.87)

Drink

drinker 4808 (31.11) 5336 (32.19) 5271 (31.97)

non-drinker 10,649 (68.89) 11,240 (67.81) 11,215 (68.03)

Diabetes 867 (5.61) 1242 (7.49) 1482 (8.99)

CI 0.1359 0.1207 0.1021

(95% confidence interval) (0.0525–0.0597) (0.0709–0.0789) (0.0855–0.0942)
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during 2011–2015. The prevalence of self-reported dia-
betes was 5.61, 7.49 and 8.99% in 2011, 2013 and 2015,
respectively. Additionally, the CIs and 95% confidence
intervals for diabetes were 0.1359 (0.0525–0.0597),
0.1207 (0.0709–0.0789), 0.1021 (0.0855–0.0942), respect-
ively, for the three survey years. These findings were in-
dicative of an inequality that favors the rich and a
decreasing inequality from 2011 to 2015. Detailed char-
acteristics of the overall sample are presented in Table 1.
Figure 1 shows the concentration curves, which show a
general trend that diabetes inequality decreased over
time, from 2011 to 2015.
The regression results are presented in Table 2. The

influencing factors of diabetes were age, education, living
in urban, and BMI (all P < 0.05). The estimated coeffi-
cients for the urban variable in 2011, 2013, and 2015 are
0.0229, 0.0312, and 0.0318, respectively, which suggests
that urban dwellers are more likely to develop diabetes
than their rural counterparts. The estimated coefficients
of education for 2011, 2013, and 2015 are − 0.0108, −
0.0131, and − 0.0109, respectively, which suggests that a
higher education level is associated with a reduced likeli-
hood of diabetes. The values of the estimated coeffi-
cients of urban and BMI suggest that the inequality
increased over time. The coefficients of income were
0.0029 and 0.0036 in 2011 and 2013, respectively; how-
ever, for 2015, it was − 0.0041.
In 2015, the majority of the observed inequalities in

the prevalence of self-reported diabetes among middle-
aged and elderly adults can be positively attributed to
urban (39.38%), BMI (31.16%), education (7.28%), central
and eastern region (6.09%), and married (0.95%)
(Table 3). Other factors, such as age (− 29.93%) and in-
come (− 4.60%), negatively contributed to inequality.
From 2011 to 2015, the impact of BMI on diabetes in-
equality declined, and the impact of urban, education
and income on diabetes health inequality increased. The
percent of income in 2011 (3.96%) and 2013 (5.38%)

remained positive; however, for 2015 (− 4.60%), it was
negative. The implication of this result is that in 2011
and 2013, income is a slightly positive contribution to
inequality in diabetes. However, this implication was re-
duced in 2015. The contribution of income is small and
favors the poor, which is largely due to a slight improve-
ment in income inequality.
Table 4 shows the results of decomposition. The con-

tributions of education and BMI to the change are 10.84
and 38.95% in 2015–2011, respectively, and 9.27 and
26.59% in 2015–2013, respectively. The contributions of
income and urban change are 26.39 and 18.61% in
2015–2011, respectively, and 34.64 and 26.13% in 2015–
2013, respectively.

Discussion
Our study reveals health inequalities with respect to dia-
betes in China from 2011 to 2015. The findings confirm
that an inequality in diabetes is more pronounced among
the rich, and the trend of inequality has declined in the
last few years. We identified marked residence and educa-
tion differences to the extent to which health inequality
exists among individuals with different levels of wealth.
The decline in health inequalities during 2011–2015 was
largely due to education, income and BMI.
Residence is a key factor in explaining health inequal-

ity in diabetes. We found that people living in urban
have higher prevalence of diabetes, which is consistent
with some previous studies [12, 25]. The huge economic
difference between urban and rural can explain this find-
ing [26]. Generally speaking, the higher prevalence of
diabetes among urban residents can be attributed to
their sedentary lifestyle which usually lacks physical
labor. Furthermore, compared with urban residents,
rural residents are more sensitive to healthcare
utilization and the cost of chronic diseases, because of
low incomes, lack of medical security mechanisms, and
poor healthcare awareness [27]. So, the self-reported

Table 2 The estimated coefficients and p-values of explanatory variables for diabetes

Variable 2011 2013 2015

Estimate P-value Estimate p-value Estimate p-value

Female 0.0016 0.8639 0.0054 0.5536 0.0023 0.7778

Age 0.0015 0.0002 0.0021 0.0001 0.0020 0.0001

Married 0.0036 0.6614 0.0041 0.6350 0.0104 0.1886

Education −0.0108 0.0162 − 0.0131 0.0092 − 0.0109 0.0146

Income 0.0029 0.5327 0.0036 0.4576 −0.0041 0.3842

Urban 0.0229 0.0013 0.0312 0.0001 0.0318 0.0001

Central and eastern 0.0073 0.2802 0.0102 0.1283 0.0126 0.0539

BMI 0.0063 0.0001 0.0073 0.0001 0.0078 0.0001

Smoker −0.0036 0.6714 −0.0044 0.6057 −0.0105 0.2018

Drinker −0.0154 0.0420 −0.0142 0.0771 −0.0168 0.0221
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prevalence of diabetes is lower in rural areas, as respon-
dents may not know they have diabetes. Therefore, it is
necessary to narrow the gap between urban and rural
areas by improving the urban-rural medical insurance
scheme.
Several studies have suggested that a high level of edu-

cation is associated with a low prevalence of diabetes
[13]. This finding is consistent with the results of this
paper. A higher educational level is an indicator of the
ability to translate information into practical behaviors
and thus to regularly manage and control chronic dis-
eases [9]. One possible reason is that people with higher
education may have better health literacy to fight against
the risk factors of diabetes, such as harmful diet, exces-
sive drinking and lack of exercise.
In this study, from 2011 to 2015, residence in urban

area and education reduced the inequalities of diabetes,
and the possible reasons are as follows. First, the process

of urbanization is increasing, and a large number of rural
people are moving into cities. Second, in recent years,
the living standard and the healthcare awareness of
farmers are rapidly increasing, while the physical labor
intensity is decreasing year by year, resulting in the self-
reported prevalence of diabetes in rural areas increasing.
Third, with the improvement in education level, people’s
awareness of self-health management is strengthened.
In addition, this study also found a contribution of re-

gion to inequality. Unbalanced socioeconomic develop-
ment has caused regional disparity to become an
important factor affecting health inequality. This study
shows that the prevalence of diabetes among middle-
aged and elderly people in the central and eastern re-
gions is higher than in the western regions. First, the
aging population in economically developed areas is
higher than that in the western regions, and the preva-
lence of chronic diseases is higher. Second, the level of

Table 3 The CI of diabetes and the percentage contributions (%) in 2011, 2013, and 2015

Variable 2011 2013 2015

CI Percent (%) CI Percent (%) CI Percent (%)

Female 0.00743 0.08 0.00385 0.12 −0.00254 − 0.03

Age −0.01734 −19.88 − 0.02006 −27.57 − 0.02216 − 29.93

Married 0.02492 0.95 0.0277 1.02 0.03784 3.47

Education −0.21753 8.52 −0.22053 8.64 −0.22953 7.28

Income 0.02576 3.96 0.03339 5.38 0.02673 −4.60

Urban 0.30729 34.83 0.30896 40.31 0.30439 39.38

Central and eastern 0.06181 4.02 0.06093 4.60 0.06613 6.09

BMI 0.01776 4.38 0.01740 33.48 0.01542 31.16

Smoker −0.04523 0.85 −0.04826 0.83 −0.04071 1.40

Drinker 0.00697 −0.44 0.03601 −1.82 0.04112 −2.41

Residual −0.03594 32.73 −0.07869 35.01 −0.09459 48.19

Total 0.1359 100 0.1207 100 0.1021 100

Table 4 The contributions of variables to the CI and the change from previous years to 2015

Variable Contribution to CI Change (%)

2011 2013 2015 2015–2011 2015–2013

Female 0.00011 0.00015 −0.00003 0.36 0.55

Age −0.02701 −0.03328 − 0.03057 9.32 −8.39

Married 0.00129 0.00123 0.00355 −5.92 −7.18

Education 0.01158 0.01044 0.00744 10.84 9.27

Income 0.00538 0.00649 −0.00470 26.39 34.64

Urban 0.04733 0.04866 0.04022 18.61 26.13

Central and eastern 0.00546 0.00555 0.00622 −1.99 −2.07

BMI 0.04671 0.04042 0.03183 38.95 26.59

Smoker 0.00115 0.00100 0.00143 −0.73 −1.33

Drinker −0.00059 −0.00220 − 0.00246 4.89 0.80
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education and health awareness and the degree of recog-
nition of diseases are higher than those in the western
regions, and self-reported diseases are high.
BMI is a significant contributor to inequality in dia-

betes. Overweight people have a higher risk of develop-
ing diabetes than people with a normal BMI. People
with high income levels may consume more fat, meat
and processed foods and are more likely to be over-
weight [28]. Therefore, it is necessary to promote a
healthy lifestyle among these at-risk individuals.
This study calculates a CI of diabetes inequality, and

the CI is decomposed into the contributions of individ-
ual factors to diabetes prevalence inequality, in which
each contribution is the product of the sensitivity of dia-
betes prevalence with respect to that factor and the de-
gree of inequality in that factor. Furthermore, this study
compared the inequality trend of diabetes from 2011 to
2015 in china. These results can provide some inspir-
ation for the inequality of diabetes and the reasons for it.
Policies for reducing the inequality of diabetes incidence

ought to focus on the socioeconomic factors, such as
implementing strategies to enhance hygiene health educa-
tion, promote healthy lifestyles to control obesity rate,
narrow the disparity between urban and rural areas [23].
A strength of this study was that the GLM with a bi-

nomial distribution and an identity link was used to de-
compose health inequality. In this study, the linear
decomposition method of Wagstaff (2003) was adopted,
and the GLMs with binomial distribution and identity
link was used to decompose the CI to obtain the contri-
bution rate of each influencing factor. GLM method can
generate effective estimates that do not change with the
selection of the reference group, so as to obtain the
stable contribution rate of each influencing factor to de-
termine the contribution degree of various factors to
health inequality.
This study also has several limitations. First, we used a

subjective evaluation indicator of self-reported health in-
stead of objective indicators such as clinical examination,
the true diabetes prevalence might have been underesti-
mated to some extent. Because of the inadequate under-
standing of health status in a self-assessment
questionnaire, some people with diabetes do not know
that they have diabetes. Second, a percentage of our
sample of individuals was excluded from the analysis
due to missing data. However, the missing data make up
a small amount of overall data, participants with missing
data were (n = 1104, 6.7%). Furthermore, we compared
the deleted data with the remaining data and found no
significant differences in their characteristics. Therefore,
missing data not enough to affect the proportion of
missing data in the study was low, and did not affect the
objectivity and correctness of the overall results. Third,
the data we utilized is based on self-reports of diabetes,

no distinction between types of diabetes. However, type
2 diabetes accounts for about 90% of diabetic patients.
Therefore, the results of this study are objective. Finally,
whether patients with diabetes used anti-diabetic medi-
cations was not considered in this study, which might
result in some biases.

Conclusion
In conclusion, the findings confirmed a health inequality
in diabetes that favor the rich, and the inequality de-
clined from 2011 to 2015. Furthermore, a substantial
portion of the inequality was explained by residence,
BMI, and education. Thus, to reduce inequality in dia-
betes, intervention policies should focus on these factors,
such as narrow the gap between urban and rural areas
by improving the urban-rural medical insurance scheme,
strengthen hygiene health education, promote healthy
lifestyles to control obesity rate. In addition, the active
collaboration of the health system with other social and
economic sectors could be an effective strategic policy
for overcoming the barriers of socioeconomic inequal-
ities in diabetes.

Abbreviations
SES: Socioeconomic status; CI: Concentration index; CHARLS: China Health
and Retirement Longitudinal Study; BMI: Body mass index; PCA: Principal
component analysis; GLM: Generalized linear model

Acknowledgements
We would like to acknowledge the CHARLS team for the publicly available
data.

Authors’ contributions
GZC: conceived the study, coordinated and participated in the data
collection, conducted the data analysis and interpretation, developed the
first draft, and revised subsequent drafts. ZZC: participated in data analysis
and interpretation, and commented on successive drafts; QHM: participated
in data analysis and interpretation, and commented on successive drafts;
CJW: participated in data analysis and interpretation, and commented on
successive drafts; YX: participated in data analysis and interpretation, and
commented on successive drafts; YNM: participated in data analysis and
interpretation, and commented on successive drafts; HPS: advised on the
conception of the study idea, data analysis and interpretation, commented
on successive drafts. All authors approved the final version for submission.

Funding
This study was funded by National Natural Science Foundation of China
(81402761), the Foundation Research Project of Jiangsu Province
(BK20140361), Suzhou science and technology development project
(SS201811), Suzhou Xiangcheng district people’s livelihood science and
technology project (XJ201655, XJ201706), Jiangsu Key Laboratory of
Preventive and Translational Medicine for Geriatric Diseases (KJS1513).
NHC Key Laboratory of Health Economics and Policy Research (Shandong
University, Jinan 250012, China). The sponsors of the study had no input in
study design, data collection, data analysis, data interpretation, writing of the
report, or the decision to submit the paper for publication.

Availability of data and materials
This data was drawn from the data that were derived from the China Health
and Retirement Longitudinal Study (CHARLS) conducted from 2011 to 2015.
They are opened to everyone. Researchers who want to use these data can
visit: http://charls.pku.edu.cn/en.

Cao et al. BMC Health Services Research          (2020) 20:719 Page 7 of 8

http://charls.pku.edu.cn/en


Ethics approval and consent to participate
The Biomedical Ethics Committee of Peking University approved this survey
and the conduct of the study adhered to the principles of the Declaration of
Helsinki. As my study is of retrospective design, consent to participate is not
required.

Consent for publication
No applicable.

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

Author details
1Department of Child Health, Jiangsu Key Laboratory of Preventive and
Translational Medicine for Geriatric Diseases, School of Public Health,
Soochow University, 199 Ren-ai Rd, SuZhou City, Jiangsu Province 215123, P.
R. China. 2The 3rd People’s Hospital of Xiangcheng District, Suzhou 215134,
P. R. China. 3Centers for Disease Control and Prevention of Suzhou High-tech
Zone, Suzhou 215000, P. R. China.

Received: 18 September 2019 Accepted: 29 July 2020

References
1. Zimmet PZ, Magliano DJ, Herman WH, Shaw JE. Diabetes: a 21st century

challenge. Lancet Diabetes Endocrinol. 2014;2(1):56–64.
2. Wang L, Gao P, Zhang M, Huang Z, Zhang D, Deng Q, Li Y, Zhao Z, Qin X,

Jin D. Prevalence and ethnic pattern of diabetes and Prediabetes in China
in 2013. Jama. 2017;317(24):2515.

3. World Health Organization. Regional Office for the Western P.
Noncommunicable disease risk factors and socioeconomic inequalities -
what are the links? : a multicountry analysis of noncommunicable disease
surveillance data. Manila: WHO Regional Office for the Western Pacific; 2010.

4. Kivimaki M, Batty GD, Pentti J, Shipley MJ, Sipila PN, Nyberg ST, Suominen
SB, Oksanen T, Stenholm S, Virtanen M, et al. Association between
socioeconomic status and the development of mental and physical health
conditions in adulthood: a multi-cohort study. Lancet Public Health. 2020;
5(3):e140–9.

5. Hardman R, Begg S, Spelten E. What impact do chronic disease self-
management support interventions have on health inequity gaps related to
socioeconomic status: a systematic review. BMC Health Serv Res. 2020;20(1):
150.

6. Achdut N, Sarid O. Socio-economic status, self-rated health and mental
health: the mediation effect of social participation on early-late midlife and
older adults. Isr J Health Policy Res. 2020;9(1):4.

7. Espelt A, Borrell C, Roskam AJ, Rodriguez-Sanz M, Stirbu I, Dalmau-Bueno A,
Regidor E, Bopp M, Martikainen P, Leinsalu M, et al. Socioeconomic
inequalities in diabetes mellitus across Europe at the beginning of the 21st
century. Diabetologia. 2008;51(11):1971–9.

8. Dinca-Panaitescu S, Dinca-Panaitescu M, Bryant T, Daiski I, Pilkington B,
Raphael D. Diabetes prevalence and income: results of the Canadian
community health survey. Health Policy. 2011;99(2):116–23.

9. Hwang J, Shon C. Relationship between socioeconomic status and type 2
diabetes: results from Korea National Health and nutrition examination
survey (KNHANES) 2010-2012. BMJ Open. 2014;4(8):e005710.

10. Williams ED, Tapp RJ, Magliano DJ, Shaw JE, Zimmet PZ, Oldenburg BF.
Health behaviours, socioeconomic status and diabetes incidence: the
Australian diabetes obesity and lifestyle study (AusDiab). Diabetologia. 2010;
53(12):2538–45.

11. Bird Y, Lemstra M, Rogers M, Moraros J. The relationship between
socioeconomic status/income and prevalence of diabetes and associated
conditions: a cross-sectional population-based study in Saskatchewan,
Canada. Int J Equity Health. 2015;14:93.

12. Tareque MI, Koshio A, Tiedt AD, Hasegawa T. Are the rates of hypertension
and diabetes higher in people from lower socioeconomic status in
Bangladesh? Results from a nationally representative survey. PLoS One.
2015;10(5):e0127954.

13. Espelt A, Kunst AE, Palencia L, Gnavi R, Borrell C. Twenty years of socio-
economic inequalities in type 2 diabetes mellitus prevalence in Spain, 1987-
2006. Eur J Pub Health. 2012;22(6):765–71.

14. Asadi-Lari M, Khosravi A, Nedjat S, Mansournia MA, Majdzadeh R,
Mohammad K, Vaez-Mahdavi MR, Faghihzadeh S, Haeri Mehrizi AA,
Cheraghian B. Socioeconomic status and prevalence of self-reported
diabetes among adults in Tehran: results from a large population-based
cross-sectional study (urban HEART-2). J Endocrinol Investig. 2016;39(5):
515–22.

15. Al-Hanawi MK, Chirwa GC, Pulok MH. Socio-economic inequalities in
diabetes prevalence in the Kingdom of Saudi Arabia. Int J Health Plann
Manag. 2020;35(1):233–46.

16. Hvistendahl M. Can China age gracefully? A Massive Survey Aims to Find
Out. Science. 2013;341(6148):831–32.

17. Mohanty SK. Comment on smith et al., “healthy aging in China”. J Econ
Ageing. 2014;4:44–5.

18. Ling-li G, Lin Y, Jiao Y. Prevalence and influencing factors ofdiabetes for the
45 years and older population in China. Modern Prev Med. 2019;46(16):
2890–4.

19. Filmer D, Pritchett LH. Estimating wealth effects without expenditure data-
or tears: an application to educational enrollments in states of India.
Demography. 2001;38(1):115–32.

20. Vyas S, Kumaranayake L. Constructing socio-economic status indices: how
to use principal components analysis. Health Policy Plan. 2006;21(6):459–68.

21. Su M, Si Y, Zhou Z, Shen C, Dong W, Fan X, Wang X, Wei X. Comparing the
income-related inequity of tested prevalence and self-reported prevalence
of hypertension in China. Int J Equity Health. 2018;17(1):82.

22. Koerts J. Generalized linear-models - MCCULLAGH, P, NELDER, JA. Eur J Oper
Res. 1984;18(2):279–80.

23. Wang Z, Li X, Chen M. Socioeconomic factors and inequality in the
prevalence and treatment of diabetes among middle-aged and elderly
adults in China. J Diabetes Res. 2018;2018:1471808.

24. Wagstaff A. The economic consequences of health shocks: evidence from
Vietnam. J Health Econ. 2007;26(1):82–100.

25. Zhang H, Xu W, Dahl AK, Xu Z, Wang HX, Qi X. Relation of socio-economic
status to impaired fasting glucose and type 2 diabetes: findings based on a
large population-based cross-sectional study in Tianjin, China. Diabetic Med.
2013;30(5):e157–62.

26. Kunna R, San Sebastian M, Stewart Williams J. Measurement and
decomposition of socioeconomic inequality in single and multimorbidity in
older adults in China and Ghana: results from the WHO study on global
AGEing and adult health (SAGE). Int J Equity Health. 2017;16(1):79.

27. Wang Z, Li X, Chen M. Catastrophic health expenditures and its inequality in
elderly households with chronic disease patients in China. Int J Equity
Health. 2015;14:8.

28. Dossett E. "If You're hungry, why are you fat?": the relationship between
weight and income levels. Nutrition Bytes. 2000;6(1).

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

Cao et al. BMC Health Services Research          (2020) 20:719 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Data sources
	Variables
	Health outcomes
	Other variables
	SES

	Statistical analysis
	Concentration index (CI)
	Generalized linear model (GLM)
	Decomposition of the CI


	Results
	Discussion
	Conclusion
	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

