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Abstract

There is relatively little published on the socioeconomic distribution of chronic disease burden in older people. This study aims
to quantify income-related inequalities in chronic disease situation among =45-year-old people in China. Data were collected
from the 2015 China Health and Retirement Longitudinal Study. Self-reported chronic conditions included 14 diseases (ie,
heart problem, diabetes). Multivariate Generalized Quasi-Poisson Regression was used to evaluate associations between
prevalence and personal income. Prevalence of hypertension was highest among people above = 75 (male participants
44.41%, female participants 47.53%). Heart problem prevalence increased with age. Chronic disease prevalence among
population aged 45 to 59 years was greatly affected by income. Prevalence ratios (PRs) were highest for heart problems in
45 to 59 middle-income male participants and for memory-related diseases in 45 to 59 middle-income female participants.
Significant inequalities in chronic conditions prevalence persist into old age, particularly among 45- to 59-year-old people.
Opposite to developed countries, the prevalence of some chronic disease (ie, heart problem) is higher in richer populations
in China. These findings pose the policy challenge of needing to prevent such inequalities in older years.
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What do we already know about the topic?

Previous studies on income-related inequalities in chronic conditions mainly focused on the developed countries; there-
fore, the results are not necessarily suitable for developing countries (ie, China).

How does your research contribute to the field?

We evaluated the differences in chronic disease prevalence among different age groups and income populations by using
the 2015 China Health and Retirement Longitudinal Study data and found that China had its own situation.

What are your research’s implications toward theory, practice, or policy?

This study provides implications on carrying out targeted policy intervention and health management for people of dif-
ferent health and income positions in China.

Introduction Chinese adults is 25.2% and 9.7%, respectively, which is
estimated to increase by 50% by 2030 if no effective control
measure is available.”*'°

Apart from the overall prevalence, the chronic disease
burden is also manifested as the imbalanced socioeconomic

China is facing serious aging problems. The size of the elder
population aged =60 was 230 million in 2016 and reached
241 million in 2017, with an increase of 4.8% in 1 year. By
the end of 2035, the size is expected to be 418 million."* In
China, approximately 33.8% of the elder population suffers
from poor sleep quality’ and 22.7% has depressive symp- 'Hangzhou Normal University, China
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distribution of prevalence. Typically, there may be a differ-
ence in the prevalence of the chronic disease among popula-
tions with various socioeconomic layers; for instance, a low
income and an old age will increase the risk of incidence of
2 or more multiple chronic diseases in the individuals.'"'"
The income gap among different populations is shrinking,
but the tiny income gap will also aggravate the difference in
the prevalence of the chronic disease among the population
due to the different age.

Therefore, it is of crucial importance to understand the
socioeconomic distribution of chronic disease among the
Chinese elderly population, so as to formulate the control
measures for chronic diseases. Previous studies mainly
focused on evaluating the chronic disease distribution situa-
tion from the point of view of regional economic inequality.
However, from the individual level, the differences in chronic
disease prevalence among different age groups and different
income populations, as well as the correlation and distribu-
tion rules, remain unclear. Therefore, this study proposed to
use individual income and chronic disease prevalence data
among the national populations aged above 45 years col-
lected from the China Health and Retirement Longitudinal
Study (CHARLS)), to learn the income-related inequalities of
chronic disease situation among the Chinese populations
aged above 45 years using the Multivariate Generalized
Quasi-Poisson Regression method.

Through this study, we could know the topic of income-
related inequalities in chronic conditions, and provide impli-
cations on carrying out targeted policy intervention and
health management for people of different health and
income positions in China. Faced with the increasing per-
sonal disease burden, it is of great significance and urgency
to study the distribution and association of chronic disease
prevalence among age groups and income status. This may
bring implications for people of different age groups and
income status to improve personal awareness and prepared-
ness of chronic disease prevention. Thus, national medical
finance investment can be more purposeful and more tar-
geted health policies could be developed to address a range
of income-related inequality issues in chronic conditions.

Methods

Data Sources

Data in this study were derived from the follow-up data of
the CHARLS in 2015. Typically, the CHARLS had carried
out a baseline survey on 450 villages from 150 counties of 28
provinces since 2011, and the samples had represented the
middle-aged and elderly populations aged above 45 years in
China. The contents that CHARLS investigated included
personal sociodemographic characteristics, personal health
and function, as well as personal and household economic
income and expense. The CHARLS data can be downloaded
at the official website (charls.pku.edu.cn/en).

In the database of CHARLS in 2015, there were 21 100
individuals from 12235 households, in which 369 were
missing age and 1013 were below 45 years. As a result, there
were 19718 individuals aged =45 years, in which 698 were
missing their income. Finally, 19020 individuals were
included in our study.

Definition and Calculation of the Research
Variables

The dependent variable of this study was prevalence status of
chronic diseases and the independent variable was the indi-
vidual’s total annual individual income. We also consider
several variables as potential covariates which were com-
monly reported in the studies of chronic diseases, including
household register, economic zone, education level, marital
status, and the current status of smoking and drinking.

1. Total annual individual income: The total annual
individual income was calculated as the sum of
annual individual income only from 4 sources (wage,
bonus income, pension, and government subsidy),
and per capita annual household income from all
other sources (eg, all crops, forestry products, all
livestock, aquatic life, and property). Afterward, the
total annual individual income was divided into ter-
tiles according to the household register, and 3 levels
(unit: Yuan) were defined in succession as low (urban
area: 0-3410, rural area: 0-687), medium (urban area:
3411-28 800, rural area: 688-3590), and high income
(urban area: >28 800, rural area: >3590).

2. Chronic disease prevalence: The chronic disease
prevalence was obtained from the questionnaire by
the question “Had some doctors once told you that
you had the following chronic diseases?” and 14
chronic diseases were involved, including hyperten-
sion; dyslipidemia; diabetes or high blood sugar; can-
cer or malignant tumor; chronic lung disease (not
included tumor or cancer); liver disease (except for
fatty liver, tumor, or cancer); heart problems; stroke;
kidney disease (not included tumor or cancer); stom-
ach or other digestive disease (not included tumor or
cancer); emotional, nervous, or psychiatric problems;
memory-related disease; arthritis or rheumatism; and
asthma. The remaining demographic characteristics
(age, sex, family register, education, and marital sta-
tus) could be extracted from the corresponding ques-
tions in the questionnaire.

3. Household register means Hukou in China. The
Hukou system was implemented in China in the late
1950s. It was regarded as an institution that controls
population mobility, in which an individual is
required to register in 1 and only 1 place of the regu-
lar residence. The location of the household register
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is also related to the individual’s benefits and privi-
leges. Depending on location, the household register
(Hukou) was divided into urban and rural areas.

4. Economic zone: China is a vast country with seri-
ously unbalanced regional development. According
to the regional economic level and future develop-
ment strategies, the National Bureau of Statistics
divides China into 4 economic zones, namely the
eastern (10 provinces), middle (6 provinces), western
(12 provinces), and northeastern zones (3 provinces).
The economic level declined from the east to the
west. As the focus of future development, 3 north-
eastern provinces have recently been independent
and established as the northeastern zone. In general,
the total annual individual income was different
between the 4 economic zones. Therefore, we also
included the economic zone in which the individuals
were located as a variable in the model.

5. In this study, education level included 4 levels (illit-
erate, elementary school, middle school or high
school, and above high school). Marital status also
included 4 types (married, divorced or separated,
widowed, and single). The current status of smoking
or drinking (yes or no) were also included as vari-
ables in the study.

Statistical Methods

The income proportion and chronic disease prevalence in
this study were adjusted by the weights in CHARLS data-
base in 2015, so as to adjust the non-randomness and non-
response during the extraction of CHARLS investigation
samples.

Moreover, the low-income population at each age group
was treated as the reference, to calculate the prevalence
ratios (PRs) in the medium income and high-income popula-
tions through Multivariate Generalized Quasi-Poisson
Regression analysis.

Pearson chi-square tests were conducted to examine asso-
ciations between chronic diseases and each of the potential
covariates. Basically, all these variables were significantly
associated with different chronic diseases (P < .05).
Moreover, as a rule of thumb, multicollinearity may be a
serious problem if the variance inflation factor (VIF) exceeds
10. We calculated VIF in different chronic disease regression
models and none of them exceeded 10. Therefore, these vari-
ables were finally regarded as covariates and included in the
model, including household register, economic zone, educa-
tion level, marital status, and current status of smoking or
drinking.

Descriptive statistical analysis in this study was per-
formed using the statistic software Stata 13.0 by 2-sided test,
and the o level was set at 0.05. Multivariate Generalized
Quasi-Poisson Regression was conducted using R 3.5.3.

Table I. Number and Percentage of Male and Female
Participants in Each Age Group, by Total Annual Individual
Income Category.

Age group (years)

46-59 60-74 =75
n % n % n %

Male participants

Low 1717 37.36 846 2238 248 2546

Medium 670 1560 1579 37.06 420 41.02

High 2018 47.04 1436 40.56 294  33.52

Total 4405 100.00 3861 100.00 962 100.00
Female participants

Low 2507 4891 1137 2998 315 3290

Medium 978 2040 1863 43.68 501  48.63

High 1352 30.69 952 2634 187 1847

Total 4837  100.00 3952 100.00 1003 100.00

Note. Numbers refer to the unweighted frequencies from analysis sample;
while % refers to weighted population estimates based on analysis sample.

Results

Income Distribution and Chronic Disease
Confirmed Prevalence Distribution Among
Populations at Various Sex and Age Groups

A total of 19020 participants aged above 45 years were
recruited into the current study, including 9228 male partici-
pants and 9792 female participants. The income distribution
among populations at various sex and age groups are shown
in Table 1. With the increase of age, the proportion of the
high-income population was gradually reduced, and the
high-income population aged =75 had taken up the lowest
proportion.

Table 2 had displayed the prevalence of each chronic dis-
ease. Among them, arthritis or rheumatism had the highest
prevalence (35.70%), while cancer or malignant tumor had
the lowest prevalence (1.47%). The prevalence of other com-
mon chronic diseases, such as hypertension and diabetes or
high blood sugar, was 29.49 and 8.34%.

Income-Related Distribution of Chronic Disease
Prevalence Among Populations at Various Age
Groups

The income-related distribution of chronic disease preva-
lence among populations at various age groups is displayed
in Figure 1. As could be discovered from the figure, hyper-
tension had the highest prevalence in the population aged
=75 years among all chronic diseases (male participants:
44.41%, and female participants: 47.53%), especially in the
high-income population at the age group (male participants:
50.74%, and female participants: 47.07%). As for disease
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Table 2. Prevalence of Chronic Diseases Among Chinese Aged Above 45 Years.
Male Female
participants participants Total

Hypertension 28.46 30.46 29.49
Dyslipidemia 14.05 14.58 14.33
Diabetes or high blood sugar 7.62 9.02 8.34
Cancer or malignant tumor 0.85 2.05 1.47
Chronic lung diseases 13.15 10.90 11.99
Liver disease 6.0l 4.48 5.22
Heart problems 11.88 17.15 14.57
Stroke 4.12 2.51 3.30
Kidney disease 8.74 7.01 7.85
Stomach or other digestive disease 22.17 27.03 24.66
Emotional, nervous, or psychiatric problems 1.66 2.24 1.96
Memory-related disease 2.31 2.38 2.35
Arthritis or rheumatism 31.08 40.17 35.70
Asthma 4.80 3.68 422

Note. Prevalence (%) refers to the proportion of weighted patients’ estimates based on analysis sample.

with the lowest prevalence, cancer or malignant tumor (not
included mild skin cancer) had the lowest prevalence (0.13%)
in the high-income population aged 46 to 59 years in male
participants, while the memory-related diseases (such as
Alzheimer disease, brain atrophy, and Parkinson disease)
had the lowest prevalence (0.61%) in the high-income popu-
lation aged 46 to 59 years in female participants.

On the whole, the prevalence of chronic disease showed an
increasing trend with age, such as hypertension, diabetes or
high blood sugar, chronic lung disease, stroke, memory-related
disease, and asthma. Apart from age, chronic disease preva-
lence would also display an increasing or decreasing trend
with the increase in income; for instance, the prevalence of
hypertension in male participants aged =75 years and that of
diabetes or high blood sugar at all age groups were increased
with the increase in income, whereas that in malignant tumor
such as cancer among female participants aged =75 years, and
that of emotional and mental disease in male participants aged
45 to 49 years were decreased with the increase in income.

Moreover, there was also a difference in the distribution of
chronic disease prevalence between different sexes; for
instance, the prevalence of chronic lung disease and asthma in
male participants was higher than that in female participants,
while that of the stomach or other digestive disease in female
participants was higher than that in male participants.

Multivariate Generalized Quasi-Poisson
Regression Analysis of Income-Related Inequality
of Prevalence

As could be discovered through Multivariate Generalized
Quasi-Poisson Regression analysis, chronic disease preva-
lence was associated with income and age. The relative
income inequality of prevalence at each age group is shown

in Figure 2. Taking the low-income population as the refer-
ence, the medium- and high-income populations were asso-
ciated with a higher risk of prevalence of some chronic
diseases, such as dyslipidemia, heart problem, stroke, kidney
disease, and memory-related diseases. On the contrary, the
risks of the prevalence of some other chronic diseases were
lower in the medium- and high-income populations, such as
emotional and mental disease, arthritis, or rheumatism.

To be specific, the chronic disease with the largest PRs in
male participants was heart problem among the medium
income population aged 46 to 59 years (PRs: 1.52, 1.07-
2.16), while that with the lowest PRs among the high-income
population aged 46 to 59 years was emotional and mental
disease (PRs: 0.15, 0.04-0.65). In female participants, the
chronic disease with the largest PRs was memory-related
disease among the medium-income population aged 46 to 59
years (PRs: 2.26, 1.02-5.00), while that with the lowest PRs
among the high-income population aged 46 to 59 years was
cancer or malignant tumor (PRs: 0.40, 0.17-0.94). At the
same time, the above results and Figure 2 also suggested that
income had a great effect on the chronic disease prevalence
in population aged 45 to 59 years.

Discussion

Different from most of the published studies evaluating
chronic disease distribution situation through regional eco-
nomic inequality, this article had evaluated the income-
related inequality of chronic disease prevalence from the
point of view of personal income based on the 2015 CHARLS
follow-up data. Findings in this study indicated that the
chronic disease prevalence in Chinese population aged above
45 years was partially correlated with the age group and
income, which displayed regular distribution characteristics.
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Figure |. Income-related distribution of chronic disease prevalence among populations at various age groups.
Note. X-coordinate is 3 income levels at various age groups. Y-coordinate is chronic disease prevalence).

Correlation of Income-Related Inequalities With

Age Group

On the whole, this study had revealed no difference in the
chronic disease prevalence in population aged =75 years

among different income groups, namely, the population aged
=75 years was associated with the lowest income-related
inequality of chronic disease prevalence. On the contrary, the
chronic disease prevalence among the population aged 45 to
59 years was greatly affected by income, such as heart
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Figure 2. Associations between income levels and chronic disease prevalence among populations at various age groups.

Note. X-coordinate is 3 income levels at various age groups. Y-coordinate is prevalence ratios. Reference of the regression is the low-income population

in each age group.

problem, and these results were consistent with foreign

studies.

In other words, the relative income inequality of chronic
disease prevalence would be shrunk with the increase in age,

13,14

which might be because that, the population aged 45 to 59

years was still the labor force population, and the personal

income could reflect their job nature, working environment,
and surrounding contact population to some extent. The
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differences in working environment and social environment
might aggravate the difference in the risk of chronic disease
prevalence by affecting the chronic disease-related factors
(such as smoking, obesity, static activity, and health manage-
ment) through a complicated mechanism."” In contrast, the
population aged =75 years had lost the basic labor force,
their mobility and range of motion were limited, and thus the
influence of income on prevalence would also be limited,
regardless of the difference in income. Moreover, the popula-
tion aged =75 years might also be associated with the sur-
vival effect, which was that such population was survived
after the influence of income inequality, leading to the little
difference in prevalence among different income groups.'®

Correlation of Income-Related Inequalities With
Disease

For an individual disease, the relationship between each
chronic disease and income was different. This might be due
to different risk factors for all kinds of chronic diseases, and
the impact of income on these risk factors was also different.
For instance, compared with the low-income population, the
high-income population was associated with a lower risk of
arthritis or rtheumatism and a higher risk of dyslipidemia.
Heavy physical labor might be the key factor affecting the
relationship between arthritis and income.'” As for dyslipid-
emia, high income mainly increased its incidence by affect-
ing the risk factor of obesity.'®"”

In the most chronic diseases, income-related inequalities
in China was basically consistent with that in other countries,
including diabetes,'* cancer,'* arthritis,”® and emotional
problem.”'** However, some of the results were contrary to
other counties, including heart problem, stroke,” and mem-
ory-related problems.** Taking heart problem as an example,
this study indicated that, the medium-income Chinese popu-
lation aged 45 to 59 years had a higher risk of prevalence
than the low-income population. However, foreign research
had come to opposite results, suggesting that the foreign
low-income population aged 45 to 64 years had suffered
from a higher risk of heart problem.'* This might be because
that, the high-income population in developed countries had
paid more attention to health management, while China, a
developing country, had paid attention to chronic disease
health management in recent years, the overall health con-
sciousness in the population was not high, and the distribu-
tion of heart problem risk factors (eg, obesity) in the
medium- and high-income populations was higher than that
in the low-income population. As a result, the income distri-
bution of heart problem prevalence in China was different
from that in foreign countries."®

Implications for Health Policy Making in China

The challenges for health policy making in chronic disease
prevalence among different age groups and different income

populations are complex but the findings of this article may
be a valuable tool for both personal perspective and national
health policy development.

For the personal perspective, personal awareness and pre-
paredness of chronic disease prevention could be better
improved for people of different age groups and income sta-
tus. The chronic disease management among the population
aged 45 to 59 years should be focused, and a healthy life-
style, happy working environment, and balanced working
psychology should be advocated.

For health policy making, targeted health policies could
be developed to gradually ease the seriousness of income-
related inequality issues in chronic conditions for people of
different age groups and income status. The supportive pol-
icy for social health management industry should be further
developed, and the utilization rate of health management
means in the population that can afford that industrial con-
sumption expenditure should be enhanced. Certainly, the
above-mentioned measures are the targeted interventions
based on the current situation, and it remains the long-term
challenge in the future to truly alleviate or eliminate such
inequality.

Limitations of This Study

This study is associated with certain limitations. First, all the
chronic disease prevalence data were derived from the sam-
ple self-report, which might lead to recall bias. Second, this
study was a cross-sectional study, with limited adjustment
variables incorporated into the regression model, and the
causality between income and chronic disease prevalence
had not been definitely confirmed. Third, this study was car-
ried out on the premise that other inequality factors were
homogeneously distributed among different income groups;
for instance, the self-reported error rate of chronic disease
was basically consistent among all income groups. Moreover,
the data in this study were derived from the CHARLS
national survey results, and some participants made no
response to the questionnaire; to this end, the results in this
study were corrected using related weights.

Conclusion

Previous studies on income-related inequalities in chronic
conditions mainly focused on evaluating the chronic disease
distribution situation in developed countries. This study
quantified income-related inequalities in chronic disease sit-
uation among =45-year-old people in China (a developing
country). The results showed that significant inequalities in
chronic conditions prevalence persist into old age, particu-
larly among 45- to 59-year-old people. Opposite to devel-
oped countries, the prevalence of some chronic disease (ie,
heart problem) is higher in richer populations in China.
These findings pose the policy challenge of needing to pre-
vent such inequalities in older years.
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