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Abstract

Background: The proportion of population ageing in China will grow significantly in the next few decades but the
pace of population ageing and social change vary considerably across regions. Notably, Eastern coastal areas are
economically more advanced compared to the Western region. These economic disparities could result in differing
adverse health outcomes.

Methods: We investigate geographical variations in self-rated overall health and functional limitations in a national
representative sample of Chinese aged 50 years and older (n = 13,175) using the WHO Study on global AGEing and
adult health (WHO SAGE). We used multivariable logistic regression to investigate urban-rural inequalities across
regions, adjusting for sociodemographic and health covariates. Two main outcomes were self-rated overall health
and functional limitations based on the WHO Disability Assessment Schedule 2.0 for a range of daily activities.

Results: The largest urban-rural differences in adverse health outcomes were in Shandong (AORs for urban versus
rural of 6.32 [95% Confidence Interval 4.53–8.82] for poor or very poor self-rated overall health and 5.14 [CI 3.55–7.44]
for functional limitations), followed by Jilin (AORs 2.71 [CI 2.04–3.61] and 4.72 [CI 3.43–6.49]), and Hubei (AORs 2.36
[CI 1.82–3.07] and 4.11 [CI 2.80–6.04]), respectively. Covariates significantly associated with both adverse health
outcomes were older age, poor income, no health insurance, and increasing number of chronic diseases.

Conclusion: Our study reveals substantial disparities between urban and rural areas observed in both the well-
developed areas (eg Shandong) and also the lower end of the economic spectrum (eg Hubei and Jilin). Targeted
economic development policy and systematic health prevention and healthcare policies could be beneficial in
improving health in later life whilst minimising geographical inequalities.
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Background
Population ageing in China is projected to increase
significantly over the next few decades. According to the
United Nations (UN) Population Division 2015 report,
currently 15% of the Chinese population is aged 60 years
and over and this is expected to increase to 25% by 2030
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[1]. By 2050 this number is projected to reach 36% of
1.35 billion people, with life expectancy of 82.5 years [1].
The implications of population change and longevity
include the rise in non-communicable diseases and subse-
quent increases of health care needs. These trends present
major challenges to the social and health systems to enable
older persons to maintain their independence and overall
quality of life [2, 3].
Along with sizeable increases in Gross Domestic Product

in China in recent decades, income inequalities in large
population areas and unequal economic development
across the geographical divides are inevitable. Since the
modern Chinese economic market reforms in 1978,
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development in Eastern coastal regions has flourished
along with the Western Development Strategy (introduced
in 1998), the Northeast Areas Revitalization Plan (2003),
and the Rise of the Central China Plan (2009) [4–6]. The
Chinese government also began the implementation of
medical and health system reform in 2009 targeting univer-
sal health coverage, national essential medicine, strength-
ening primary health care, and reform of public hospitals
[7]. The current national 13th Five-Year Plan (2016–2020)
further highlights the need to further strengthening med-
ical and healthcare services for the elderly [8].
According to the National Bureau of Statistics of the

China Statistical Yearbook 2016, per capita disposable
income was highest in the Eastern region (30,655 yuan
~$US4,610) followed by the Northeastern region (22,352
yuan ~$US3,360), Central region (20,006 ~$US3,010),
and Western region (18,407 yuan ~$US2,770) [9]. Re-
gional inequalities in wealth and economic development
are accompanied by inequality in the distribution of health
resources and access to health care services [10–12].
Disparities in life expectancy and health related quality of
life have been observed across regions, with longer life
expectancy and better health-related quality of life found
for people in the more developed Eastern coastal prov-
inces than other regions [13, 14] and in urban relative to
rural areas [15–17].
Although there has been increasing evidence on health

variation among older adults in China, little is known
about the patterns of urban-rural disparities across main
provinces. Since regions in China include both major cit-
ies and vast rural areas within the same province, differ-
ences could be due to rural disadvantage or disparity
across provinces. In this paper, we investigate variations
in health outcomes among provinces in China using data
from a national representative survey of older adults and
hypothesise that such inequalities exist between
urban-rural areas within each province but the magni-
tude differs by geographical areas.

Methods
This study used data from the World Health
Organization Study on global AGEing and adult
health (SAGE) based on national representative sam-
ples of adults aged 50 years and older from a range of
low and middle-income countries (China, Ghana,
India, Mexico, Russian Federation and South Africa)
[18]. China individual data from the WHO SAGE Wave 1
were used for analyses (n = 13,175). WHO-SAGE adopted
a multistage stratified cluster sample design had similar
number of sites per province (4 urban and 4 rural
sites each) according to geographic and socioeco-
nomic levels. Four provinces were randomly selected
from eastern, two from central and two from western
areas (Shanghai, Zhejiang, Guangdong and Shandong;
Hubei and Jilin; and, Yunnan and Shaanxi, respectively)
[19]. The Appendix provides selected socio-demographic
characteristics by provinces based on China Statistical
Yearbook 2016 [9].

Measures and covariates
Two outcomes were of interest: self-rated overall
health and functional limitations assessed using the
WHO Disability Assessment Schedule 2.0 (WHODAS
2.0) composite measure. Self-rated overall health was
dichotomised as poor (‘very poor’ or ‘poor’) or not
poor (‘moderate’, ‘good’ or ‘very good’). Poor self-rated
overall health has been shown to correlate with mor-
tality [20] and is sensitive to cross-national differences
among older adults [21]. The second measure, WHO-
DAS 2.0, covers six domains of functioning, including
cognition, mobility, self-care, getting along, life activ-
ities, and community participation [22]. Scores within
each domain were summed to obtain an overall score
ranging from 0 (no disability) to 100 (severe disabil-
ity) and scores were dichotomised with values ≥25
defined as having some functional limitations [23].
Potential covariates included those known or

hypothesised to be associated with study outcomes:
socio-demographic attributes (sex, age, years of educa-
tion, and permanent income quintile). Permanent in-
come was derived from a range of household assets
and environmental factors (water, sanitation, cooking
facilities) [18]. The permanent income variable is
therefore a reflection of income and asset accumula-
tion over time and is a more stable measure than
current income.
Health risk factors include current smoking (daily) and

alcohol drinking (at least once a week), overweight or
obesity (based on body mass index categories using
Asian cut-offs) [24], and number of chronic diseases in-
cluding cardio-metabolic conditions (eg hypertension,
diabetes, angina, stroke), arthritis, and depression.
Health insurance status was classified according to
whether respondents had insurance (mandatory, volun-
tary, or both) or did not have insurance.

Statistical analyses
The analyses were guided by the Directed Acyclic
Graphs (DAGs) to describe the conceptual framework
for the relationship between outcomes and potential
covariates [25]. Figure 1 presents the analytical
framework to investigate the relationship between
geographical variations and health outcomes, taking
into account potential covariates. Multivariable logis-
tic regressions were used to analyse relationships be-
tween health outcomes (poor self-rated overall health
and functional limitations), adjusting for potential
covariates.



Fig. 1 Directed Acyclic Graph specifying conceptual framework for analyses
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Province by location (urban versus rural) interaction
terms were included in the models to investigate
whether urban-rural differences in outcomes varied
across provinces. We have generated estimates for
urban/rural comparisons in each province using the
main effects and interaction terms from the model.
Population weights with post-stratification were ap-
plied to analyses using the survey command in Stata
[26]. Adjusted Odds Ratios (AOR) and 95% Confi-
dence Intervals [95% CI] are presented.

Results
In the SAGE sample, Shanghai had the highest per-
centage of adults aged 70 years and older, and Jilin
had the highest percentage aged 50–59 years (Table 1).
Females made up to approximately half of the sample.
Over 65% of participants had more than 6 years of
education across all the provinces with the highest
proportions in urban areas, and the smallest differ-
ence was seen for Guangdong and Shaanxi. Across all
the provinces, Shandong had the largest proportion of
obesity (66% in urban areas vs 50% in rural areas).
There were large disparities in smoking and alcohol
drinking between urban and rural areas across
provinces except for Shanghai.
Hubei, Jilin, and Shandong had the worse rates of

poor self-rated health and functional limitations for
both males and females. Poor self-rated overall heath
was most commonly reported in rural areas. The
crude differences in poor self-rated overall health and
functional limitations between urban and rural areas
were remarkably large in Shandong and Hubei areas.
The multivariable results reported in Table 2 re-

vealed that the odds of poorer health outcomes were
higher for rural compared to urban residents for most
provinces. The largest urban-rural differences in ad-
verse health outcomes were in Shandong (AORs 6.32
for poor self-rated health [95% Confidence Interval
4.53–8.82] and 5.14 [CI 3.55–7.44] for functional lim-
itations), followed by Jilin (AORs 2.71 [CI 2.04–3.61]
and 4.72 [CI 3.43–6.49]), and Hubei (AORs 2.36 [CI
1.82–3.07] and 4.11 [CI 2.80–6.04]). There were mod-
erate statistically significantly higher odds of poor
self-rated health for rural compared to urban areas
for Shanghai, Zhejiang, and Shaanxi (AORs between
1.5 and 2).
Notably, a different pattern of urban-rural differ-

ences for functional limitations than for self-rated
health was seen in Guangdong where the odds of
poorer functional limitations for those living in rural
areas was almost four times that of urban areas, but
no statistically significant difference was observed for
poor self-rated health. Covariates significantly associ-
ated with both adverse health outcomes were older
age, poor income, no health insurance, and increasing
number of chronic diseases. We undertook sensitivity
analyses using different definitions for the two out-
comes (see Appendix). Notably, compared to urban
Shandong, rural Shandong remains with the largest
disparity on (poor or very poor) self-rated health and
functional limitations, followed by Jilin and Hubei.
These findings were similar to the analyses reported
in the main manuscript.

Discussion
We found geographical variations in health not only
between regions but also systematic differences by
urban and rural areas, and with an interaction be-
tween these two geographical measures. Poorer health
in most provinces is exacerbated for those in rural



Table 1 Distribution of selected sociodemographic and health indicators, WHO SAGE China Wave 1

Percent distribution (%) by provinces and urban-rural areasa

Shanghai Zhejiang Guangdong Shandong Jilin Hubei Shaanxi Yunnan

(n = 1791) (n = 1463) (n = 1569) (n = 1929) (n = 1702) (n = 1451) (n = 1713) (n = 1557)

Urban Rural Urban Rural Urban Rural Urban Rural Urban Rural Urban Rural Urban Rural Urban Rural

Sociodemographic indicator

Age group

50–59 54 41 46 52 50 48 53 49 55 54 57 49 52 54 48 55

60–69 23 27 28 26 29 25 23 29 28 26 22 30 27 29 32 25

70+ 23 32 25 21 21 27 24 22 17 20 21 20 21 16 20 20

Sex

Female 51 52 51 46 51 45 51 51 48 52 52 50 49 50 53 47

Years of education

≥ 6 years 93 66 82 66 73 72 93 66 92 67 86 67 77 73 79 68

Health-related indicator

Body mass index

Underweight (< 18.5) 3.3 2.4 4.5 11 3.9 12 0.7 1.4 0.3 2.8 3.8 3.3 3.6 6.8 3.6 6.0

Normal (18.5 to 23.5) 37 32 43 46 29 56 15 26 27 33 35 44 35 52 33 52

Overweight (23.5 to 25.0) 24 22 25 20 23 14 18 22 33 24 22 22 18 17 22 19

Obese (> 25) 36 44 27 23 43 18 66 50 40 40 39 30 44 24 41 22

Number of chronic conditionsb

0 41 45 42 45 49 66 43 49 39 55 43 58 46 58 42 55

1 39 32 30 32 32 32 29 32 31 25 34 26 29 27 30 27

2+ 28 22 28 22 19 12 27 19 30 20 23 16 25 15 28 18

Health-risk behaviours

Smoking – current 22 22 17 32 24 33 15 31 22 27 27 33 28 32 24 35

Alcohol drinking – current 14 14 19 31 7.9 29 7.8 20 11 14 15 25 7.0 8.4 11 20

Health outcomes

Poor self-rated health 9.6 18 11 15 16 18 6 31 13 26 25 40 21 22 21 21

Functional limitations 4.7 7.8 10 6.0 4.7 7.8 5.8 20 5.6 21 7.0 18 14 10 7 18
a weighted % b Chronic conditions include cardio-metabolic conditions (eg hypertension, diabetes, angina, stroke), arthritis, depression
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areas, highlighting the increased need for more health
promotion and better health services outside of major
cities. However, separate to the effect of rurality,
health status among older persons was generally bet-
ter in the Eastern region (Shanghai, Zhejiang, Guang-
dong and Shandong) compared to the Central and
Western areas. Disparities between urban and rural
areas varied across provinces. Notably, Shandong,
which is in the Eastern region, and the two Central
provinces (Jilin and Hubei) had the most pronounced
adverse outcomes overall but also the greatest differ-
ences between urban and rural areas.
Other studies also reported that rural residents are

subject to the double disadvantage of limited eco-
nomic development and challenges of high risk fac-
tors (eg smoking), more chronic conditions (including
chronic lower respiratory disease as well as stomach
and liver cancers) and poorer access to health care
[27–30]. These disparities warrant policy attention be-
cause older people in China live outside of megacities,
with rural-urban migration of younger people contrib-
uting to acceleration of population ageing in rural
areas. The health needs of older people may be left
behind as development concentrates in cities in the
more developed regions. Consequently, a large pro-
portion of China’s older population, who will have
high levels of comorbidity and need care and assist-
ance with daily living, will be living in rural areas
where health and social care is less readily accessible.
Our study demonstrated similar patterns of geo-

graphical variations as other national data in China.
A cross-sectional study based on the Chinese
National Health Services Survey 2008 using another
health related quality of life measure (EQ-5D)



Table 2 Explaining geographic variations in adverse health outcomes using multivariable logistic regression analyses, WHO SAGE
China Wave 1

Explanatory variables Adjusted Odds Ratios [95% Confidence Interval]

Poor self-rated health Functional limitations

Rural-urban interaction effects

Rural Shanghai (ref: urban Shanghai) 1.82 [1.31–2.52] 1.31 [0.85–2.01]

Rural Zhejiang (ref: urban Zhejiang) 1.71 [1.18–2.46] 0.69 [0.45–1.09]

Rural Guangdong (ref: urban Guangdong) 0.78 [0.56–1.09] 3.69 [2.43–5.59]

Rural Shandong (ref: urban Shandong) 6.32 [4.53–8.82] 5.14 [3.55–7.44]

Rural Jilin (ref: urban Jilin) 2.71 [2.04–3.61] 4.72 [3.43–6.49]

Rural Hubei (ref: urban Hubei) 2.36 [1.82–3.07] 4.11 [2.80–6.04]

Rural Shaanxi (ref: urban Shaanxi) 1.55 [1.17–2.06] 1.33 [0.93–1.90]

Rural Yunnan (ref: urban Yunnan) 0.97 [0.73–1.29] 1.88 [1.29–2.74]

Sociodemographic attributes

Age groups in year

50–59 Reference Reference

60–69 1.07 [0.94–1.23] 1.61 [1.33–1.96]

70+ 1.41 [1.22–1.63] 5.25 [4.34–6.35]

Sex

Male Reference Reference

Female 1.26 [1.10–1.45] 1.14 [0.97–1.34]

Years of education

< 6 years Reference Reference

≥ 6 years 1.11 [0.98–1.26] 0.80 [0.68–0.95]

Permanent income quintiles

Quintile 1 (lowest) 2.76 [2.18–3.49] 2.88 [2.09–3.97]

Quintile 2 1.98 [1.58–2.49] 2.06 [1.49–2.85]

Quintile 3 1.71 [1.37–2.14] 1.83 [1.34–2.49]

Quintile 4 1.49 [1.20–1.86] 1.62 [1.20–2.18]

Quintile 5 (highest) Reference Reference

Health covariates

Health insurance

Mandatory and/or voluntary Reference Reference

No insurance 1.22 [1.01–1.49] 1.36 [1.06–1.76]

Body mass index

Underweight (< 18.5) 1.41 [1.12–1.82] 1.16 [0.84–1.61]

Normal (18.5 to 23.5) Reference Reference

Overweight (23.5 to 25.0) 0.92 [0.79–1.07] 0.97 [0.80–1.19]

Obese (> 25) 0.68 [0.59–0.79] 1.21 [1.02–1.43]

Number of chronic diseases

0 Reference Reference

1 2.47 [2.16–2.83] 1.74 [1.46–2.08]

2+ 4.80 [4.13–5.58] 3.34 [2.81–3.96]

Smoking

No Reference Reference

Yes 1.06 [0.89–1.24] 0.79 [0.64–0.97]
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Table 2 Explaining geographic variations in adverse health outcomes using multivariable logistic regression analyses, WHO SAGE
China Wave 1 (Continued)

Explanatory variables Adjusted Odds Ratios [95% Confidence Interval]

Poor self-rated health Functional limitations

Drinking

No Reference Reference

Yes 0.74 [0.61–0.89] 0.51 [0.39–0.66]

Boldface values signify p < 0.05
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reported worse outcomes in rural compared to urban
residents across all regions, but disparities were more
profound in Eastern areas [14]. The Chinese Health
and Retirement Longitudinal Study and the Chinese
Longitudinal Healthy Longevity Survey also both
found substantial differences in health outcomes
across provinces among older adults [31, 32]. Similar
disparities in Shandong were also reported in another
study noting that Shandong has the weakest social se-
curity and state influence, which could have an im-
pact on the urban-rural inequalities in health [32].
Since 2011, China has made significant progress to-

wards universal health coverage with basic medical in-
surance covering over 90% of urban residents and the
new cooperative medical care enrolled over 95% of
rural residents [33]. However, not having health insur-
ance was associated with both adverse health out-
comes in our study albeit vastly different levels of
health insurance coverage. Basic medical insurance
for urban residents and the new cooperative medical
care has had a strong influence on health care utilisa-
tion of older Chinese [34–36]. Despite the high insur-
ance coverage, urban-rural disparity in access to
health services was associated with poor health out-
comes among older adults and the role of health in-
surance is particularly important for households
requiring inpatient hospital care [12, 19]. Besides dif-
ferences in health insurance status, inequality in the
distribution of health resources disfavouring rural
areas has been noted in the literature [2, 10]. How-
ever, these health system factors were beyond the
scope of our study and we are unable to control for
these factors other than by the urban-rural classification.
Some findings on health covariates require further

interpretation in relation to other international litera-
ture. For example, there were markedly different rela-
tionships between body mass index and self-rated
health across East Asian countries – excess body
mass index was negatively associated with poor
self-rated health in China, however the reverse rela-
tionship was seen in Japan and South Korea [37]. Our
findings of females reporting worse self-rated health
were generally supported by other international stud-
ies [38], however, it is worth noting that there was a
lower proportion of females in some rural areas in
our study (Zhejiang, Guangdong, and Yunnan). There
was also a smaller proportion of older females who
smoke or consume alcohol in this dataset hence
health promotion initiatives should take into account
gender specific risk behaviours.
The strengths of our study include the WHO SAGE

data, which are nationwide representative samples of
older adults across key regions with comprehensive
demographic and health information. Another feature
of the data is the possibility of cross-country comparisons
(in addition to China, other low and middle-income
countries include Ghana, India, Mexico, Russian
Federation and South Africa). Because our analyses
are based on cross-sectional data, caution should be
used on causal interpretation of the findings. Future
comparative longitudinal evidence will be invaluable
in monitoring overall health trends and inequalities
among older populations. A number of determinants
of health were not included in this study, for example,
health inequalities are magnified by environmental condi-
tions such as indoor and outdoor air pollution in China
[39]. Differential health impacts on older adults across
geographical areas could be a topic for future research
employing spatial methods.

Conclusion
Our study enhances the understanding of geograph-
ical variations in health outcomes among older Chin-
ese revealing substantial disparities between urban
and rural areas observed in both the well-developed
areas (eg Shandong) and also the lower end of the
economic spectrum (eg Hubei and Jilin). With rapid
population ageing in China over the next few de-
cades, it will be important to monitor the impacts of
social and health policy at the national level but also
by geographical areas. Designing appropriate social
and health care policy should take into account geo-
graphical differences, for example, sources of support
for rural persons may differ from those of urban
areas and these can change substantially post retire-
ment [40]. Gender-specific health interventions and
targeted healthcare policies could minimise adverse
health outcomes in later life.
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Appendix
Table 3 Selected socio-demographic indicators by provinces, 2015

Indicators Shanghai Zhejiang Guangdong Shandong Jilin Hubei Shaanxi Yunnan

Population (10,000 persons) 2,415 5,539 10,849 9,847 2,753 5,852 3,664 4,742

Male: female ratio (female=100) 108.4 107.4 113.5 104.5 102.0 104.1 107.5 105.0

Percent of population in urban areas 87.6 65.8 68.7 57.0 55.3 56.8 55.0 43.3

Average family size (persons/household) 2.46 2.69 3.23 2.88 2.92 3.05 3.08 3.49

Dependency ratio (% of 0-14 and 65+/15-64 years) 28.5 31.9 30.5 38.9 29.7 35.9 32.0 38.0

Percent illiterate population aged 15 and over 3.12 5.87 2.90 6.65 2.61 5.96 2.98 9.53

Per Capita Gross Regional Product (yuan) 103796 77644 67503 64168 51086 50654 34919 28806

Per Capita Household Consumption Expenditure 34784 24117 20976 14578 13764 14316 11729 11005

Number of community health service centres 306 467 1078 513 203 342 219 171

Number of inpatients (100 million person-times) 2.58 5.30 7.86 6.15 1.02 3.48 1.25 0.46

Number of inpatients (10,000 persons) 335 791 1442 1522 341 1108 381 749

Source: China Statistical Yearbook 2016, National Bureau of Statistics of China

Table 4 Geographic variations in self-rated health (comparing binary and multinomial outcomes), WHO SAGE China Wave 1

Explanatory variables Logistic AOR [95% CI]
Moderate/good/very good (Ref)

Multinomial AOR [95% CI]
Good/very good (Reference)

Poor/very poor (21.4%) vs Reference Poor/very poor (21.4%) vs Reference Moderate (44.6%) vs Reference

Rural-urban interaction effects

Rural Shanghai (ref: urban) 1.82 [1.31-2.52] 1.81 [1.25-2.62] 0.95 [0.75-1.20]

Rural Zhejiang (ref: urban) 1.71 [1.18-2.46] 1.66 [1.08-2.55] 0.98 [0.76-1.27]

Rural Guangdong (ref: urban) 0.78 [0.56-1.09] 0.61 [0.41-0.92] 0.44 [0.33-0.59]

Rural Shandong (ref: urban) 6.32 [4.53-8.82] 7.23 [4.87-10.8] 1.20 [0.95-1.53]

Rural Jilin (ref: urban) 2.71 [2.04-3.61] 3.80 [2.65-5.45] 1.49 [1.16-1.92]

Rural Hubei (ref: urban) 2.36 [1.82-3.07] 2.78 [1.97-3.93] 1.02 [0.76-1.37]

Rural Shaanxi (ref: urban) 1.55 [1.17-2.06] 1.25 [0.66-1.39] 0.62 [0.47-0.83]

Rural Yunnan (ref: urban) 0.97 [0.73-1.29] 0.96 [1.25-2.63] 0.90 [0.67-1.20]

Sociodemographic attributes

Age groups in year

50-59 Reference Reference Reference

60-69 1.07 [0.94-1.23] 1.10 [0.93-1.30] 1.14 [1.01-1.28]

70+ 1.41 [1.22-1.63] 1.76 [1.47-2.12] 1.51 [1.32-1.73]

Sex

Male Reference Reference Reference

Female 1.26 [1.10-1.45] 1.23 [1.03-1.46] 1.11 [0.98-1.25]

Years of education

<6 years Reference Reference Reference

≥6 years 1.11 [0.98-1.26] 1.05 [0.89-1.24] 0.99 [0.88-1.12]

Permanent income quintiles

Quintile 1 (lowest) 2.76 [2.18-3.49] 4.48 [3.37-5.97] 1.88 [1.55-2.29]

Quintile 2 1.98 [1.58-2.49] 2.51 [1.91-3.30] 1.38 [1.15-1.65]

Quintile 3 1.71 [1.37-2.14] 2.11 [1.62-2.76] 1.42 [1.17-1.69]

Quintile 4 1.49 [1.20-1.86] 1.68 [1.30-2.19] 1.21 [1.04-1.42]

Quintile 5 (highest) Reference Reference Reference



Table 4 Geographic variations in self-rated health (comparing binary and multinomial outcomes), WHO SAGE China Wave 1
(Continued)

Explanatory variables Logistic AOR [95% CI]
Moderate/good/very good (Ref)

Multinomial AOR [95% CI]
Good/very good (Reference)

Poor/very poor (21.4%) vs Reference Poor/very poor (21.4%) vs Reference Moderate (44.6%) vs Reference

Health covariates

Health insurance

Mandatory and/or voluntary Reference Reference Reference

No insurance 1.22 [1.01-1.49] 1.15 [0.88-1.50] 0.93 [0.77-1.01]

Body mass index

Underweight (<18.5) 1.41 [1.12-1.82] 1.36 [0.98-1.88] 1.09 [0.84-1.42]

Normal (18.5 to 23.5) Reference Reference Reference

Overweight (23.5 to 25.0) 0.92 [0.79-1.07] 0.82 [0.68-0.99] 0.90 [0.79-1.03]

Obese (>25) 0.68 [0.59-0.79] 0.69 [0.58-0.82] 0.89 [0.79-1.01]

Number of chronic diseases

0 Reference Reference Reference

1 2.47 [2.16-2.83] 3.78 [3.20-4.46] 2.05 [1.83-2.31]

2+ 4.80 [4.13-5.58] 12.7 [10.3-15.7] 3.46 [2.96-4.06]

Smoking

No Reference Reference Reference

Yes 1.06 [0.89-1.24] 0.92 [0.75-1.13] 0.88 [0.77-1.01]

Drinking

No Reference Reference Reference

Yes 0.74 [0.61-0.89] 0.62 [0.50-0.77] 0.82 [0.70-0.94]

Boldface values signify p < 0.05

Table 5 Geographic variations in functional limitations (comparing two cut-offs) WHO SAGE China Wave 1

Explanatory variables Logistic AOR [95% CI] based on WHO DAS scores

Scores≥25 (12.5%)
Moderate and over

Scores≥12.5 (25.3%)
Minor

Rural vs Urban (reference)

Interaction effects

Shanghai (ref: urban) 1.31 [0.85-2.01] 1.99 [1.43-2.77]

Zhejiang (ref: urban) 0.69 [0.45-1.09] 0.66 [0.47-0.90]

Guangdong (ref: urban) 3.69 [2.43-5.59] 3.57 [2.58-4.94]

Shandong (ref: urban) 5.14 [3.55-7.44] 7.75 [5.78-10.4]

Jilin (ref: urban) 4.72 [3.43-6.49] 5.81 [4.51-7.49]

Hubei (ref: urban) 4.11 [2.80-6.04] 5.14 [3.84-6.89]

Shaanxi (ref: urban) 1.33 [0.93-1.90] 0.76 [0.58-1.00]

Yunnan(ref: urban) 1.88 [1.29-2.74] 1.78 [1.29-2.47]

Sociodemographic attributes

Age groups in year

50-59 Reference Reference

60-69 1.61 [1.33-1.96] 1.55 [1.35-1.78]

70+ 5.25 [4.34-6.35] 4.97 [4.30-5.73]

Sex

Male Reference Reference

Female 1.14 [0.97-1.34] 1.37 [1.20-1.57]
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Table 5 Geographic variations in functional limitations (comparing two cut-offs) WHO SAGE China Wave 1 (Continued)

Explanatory variables Logistic AOR [95% CI] based on WHO DAS scores

Scores≥25 (12.5%)
Moderate and over

Scores≥12.5 (25.3%)
Minor

Years of education

<6 years Reference Reference

≥6 years 0.80 [0.68-0.95] 0.88 [0.77-0.99]

Permanent income quintiles

Quintile 1 (lowest) 2.88 [2.09-3.97] 2.69 [2.09-3.97]

Quintile 2 2.06 [1.49-2.85] 1.73 [1.37-2.18]

Quintile 3 1.83 [1.34-2.49] 1.48 [1.18-1.85]

Quintile 4 1.62 [1.20-2.18] 1.44 [1.16-1.79]

Quintile 5 (highest) Reference Reference

Health covariates

Health insurance

Mandatory and/or voluntary Reference Reference

No insurance 1.36 [1.06-1.76] 1.17 [0.96-1.42]

Body mass index

Underweight (<18.5) 1.16 [0.84-1.61] 1.41 [1.09-1.83]

Normal (18.5 to 23.5) Reference Reference

Overweight (23.5 to 25.0) 0.97 [0.80-1.19] 0.89 [0.77-1.04]

Obese (>25) 1.21 [1.02-1.43] 1.05 [0.92-1.21]

Number of chronic diseases

0 Reference Reference

1 1.74 [1.46-2.08] 1.74 [1.52-1.99]

2+ 3.34 [2.81-3.96] 3.86 [3.33-4.47]

Smoking

No Reference Reference

Yes 0.79 [0.64-0.97] 0.87 [0.74-1.02]

Drinking

No Reference Reference

Yes 0.51 [0.39-0.66] 0.68 [0.57-0.81]

Boldface values signify p < 0.05

Yiengprugsawan et al. BMC Geriatrics           (2019) 19:10 Page 9 of 10
Abbreviations
AOR: Adjusted odds ratio; CI: Confidence interval; SAGE: Study on global ageing
and adult health; WHO: Disability Assessment Schedule 2.0 (WHODAS 2.0)

Acknowledgements
This paper uses data from Study on Global Ageing and Adult Health (SAGE). SAGE is
supported by the World Health Organization and the US National Institute on Aging.
Thanks to Peter Sbirakos for editorial guidance on various stages of the manuscript.

Funding
This study was supported by the Australian Research Council Centre of
Excellence in Population Ageing Research (CE1101029) and the ARC
Discovery Project Understanding ageing in China and Australia
(DP160103023).

Availability of data and materials
The datasets analysed during the current study are available from the
World Health Organization (WHO) Multi-Country Studies Data Archive
http://apps.who.int/healthinfo/systems/surveydata/index.php/catalog/sage
Authors’ contributions
VY, CD, JB conceptualised the study. VY conducted analyses and prepared
the manuscript, with guidance from CD. JB and HK provided comments on
interpretation of the findings and discussion. All authors read and approved
the final manuscript.

Ethics approval and consent to participate
Human ethics application was approved by the Chair of the Science and
Medical Delegated Ethics Review Committee, The Australian National
University (Protocol 2016/319). Participant consent was not necessary as this
study involved the use of a de-identified database according to National
Statement on Ethical Conduct in Human Research 2007.

Consent for publication
Anonymised data were obtained from the WHO Multi-Country Studies Data
Archive.

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

http://apps.who.int/healthinfo/systems/surveydata/index.php/catalog/sage


Yiengprugsawan et al. BMC Geriatrics           (2019) 19:10 Page 10 of 10
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Centre for Research on Ageing, Health and Wellbeing (CRAHW), Research
School of Population Health, College of Health and Medicine, The Australian
National University, 54 Mills Road, Acton, Canberra 2601, Australia. 2Australian
Research Council Centre of Excellence in Population Ageing Research
(CEPAR), Canberra, Australia. 3National Centre for Epidemiology and
Population Health (NCEPH), Research School of Population Health, The
Australian National University, Canberra, Australia. 4School of Medicine and
Public Health, University of Newcastle, Callaghan, Newcastle, New South
Wales, Australia. 5Research Centre for Generational Health and Ageing,
School of Medicine and Public Health, University of Newcastle, Callaghan,
Newcastle, New South Wales, Australia.

Received: 30 November 2017 Accepted: 5 December 2018

References
1. UN. World Population Prospects: The 2015 Revision, Key Findings and

Advance Tables. Working Paper No. ESA/P/WP.241. New York: United
Nations, Department of Economic and Social Affairs, Population Division;
2015.

2. WHO. China country assessment report on ageing and health. Geneva:
World Health Organization; 2015.

3. World Bank. Live Long and prosper: ageing in East Asia and Pacific. In:
World Bank East Asia and Pacific regional reports. Washington DC:
International Bank for Reconstruction and Development; 2016.

4. Gao J, Qian J, Tang S, Eriksson BO, Blas E. Health equity in transition from
planned to market economy in China. Health Policy Plan. 2002;17(Suppl):
20–9.

5. Liu Y, Hsiao WC, Eggleston K. Equity in health and health care: the Chinese
experience. Soc Sci Med. 1999;49(10):1349–56.

6. Shi L. Health care in China: a rural-urban comparison after the
socioeconomic reforms. Bull World Health Organ. 1993;71(6):723–36.

7. The Central People's government of the People's Republic of China: Notice
of the State Council on the Recent Key Implementation Plan for the Reform
of the Medical and Health System (2009–2011). In. Beijing: http://www.gov.
cn/zwgk/2009-04/07/content_1279256.htm; 2009.

8. China NHCotPsRo: The 13th Five-Year Plan to upgrade the elderly health
service In. Beijing: http://en.nhfpc.gov.cn/2017-03/29/c_71406.htm; 2017.

9. China NBoSo: China Statistical Yearbook 2017. In. Edited by http://www.
stats.gov.cn/tjsj/ndsj/2017/indexeh.htm. Beijing; 2017.

10. Fang P, Dong S, Xiao J, Liu C, Feng X, Wang Y. Regional inequality in health
and its determinants: evidence from China. Health Policy. 2010;94(1):14–25.

11. Gu D, Zhang Z, Zeng Y. Access to healthcare services makes a difference in
healthy longevity among older Chinese adults. Soc Sci Med. 2009;68(2):210–9.

12. Zhang X, Dupre ME, Qiu L, Zhou W, Zhao Y, Gu D. Urban-rural differences in
the association between access to healthcare and health outcomes among
older adults in China. BMC Geriatr. 2017;17(1):151.

13. Zheng X, Song X, Chen G, You Y, Ren Q, Liu J, Zhang L, Tan L, Wei J, Chen Q.
Health inequalities during 20 years of rapid economic development in China
(1980-2000): a mortality analysis. Biomed Environ Sci. 2011;24(4):329–34.

14. Sun S, Chen J, Johannesson M, Kind P, Xu L, Zhang Y, Burstrom K. Regional
differences in health status in China: population health-related quality of life
results from the National Health Services Survey 2008. Health Place. 2011;
17(2):671–80.

15. Fang H, Chen J, Rizzo JA. Explaining urban-rural health disparities in China.
Med Care. 2009;47(12):1209–16.

16. Peng X, Song S, Sullivan S, Qiu J, Wang W. Ageing, the urban-rural gap and
disability trends: 19 years of experience in China - 1987 to 2006. PLoS One.
2010;5(8):e12129.

17. Xu L, Wang Y, Collins CD, Tang S. Urban health insurance reform and
coverage in China using data from National Health Services Surveys in 1998
and 2003. BMC Health Serv Res. 2007;7:37.

18. Kowal P, Chatterji S, Naidoo N, Biritwum R, Fan W, Lopez Ridaura R,
Maximova T, Arokiasamy P, Phaswana-Mafuya N, Williams S, et al. Data
resource profile: the World Health Organization study on global AGEing and
adult health (SAGE). Int J Epidemiol. 2012;41(6):1639–49.
19. WHO. Study on global AGEing and adult health (SAGE) Wave 1 China
National Report. Geneva: Shanghai Municipal Center For Disease Control &
Prevention (SCDC) and the World Health Organization; 2012.

20. Idler EL, Benyamini Y. Self-rated health and mortality: a review of twenty-
seven community studies. J Health Soc Behav. 1997:21–37.

21. French DJ, Browning C, Kendig H, Luszcz MA, Saito Y, Sargent-Cox K, Anstey
KJ. A simple measure with complex determinants: investigation of the
correlates of self-rated health in older men and women from three
continents. BMC Public Health. 2012;12:649.

22. WHO. Measuring health and disability. Manual for WHO Disability Assessment
Schedule. WHODAS 2.0. Geneva: World Health Organization; 2010.

23. Federici S, Bracalenti M, Meloni F, Luciano JV. World Health Organization
disability assessment schedule 2.0: an international systematic review.
Disabil Rehabil. 2017;39(23):2347–80.

24. Kanazawa M, Yoshiike N, Osaka T, Numba Y, Zimmet P, Inoue S. Criteria and
classification of obesity in Japan and Asia-Oceania. World Rev Nutr Diet.
2005;94:1–12.

25. Greenland S, Pearl J, Robin JM. Causal diagram for epidemiologic research.
Epidemiology. 1999;10(1):37–48.

26. StataCorp. Stata: Release 13. College Station, TX: StataCorporp LP; 2013.
27. NCCNDC. Chronic Disease Risk Factor Surveillance Survey, 2010. Biejing:

National Center for Chronic and Noncommunicable Disease Control, China
Center for Disease Control and Prevention; 2012.

28. Li Y, Wu Q, Xu L, Legge D, Hao Y, Gao L, Ning N, Wan G. Factors affecting
catastrophic health expenditure and impoverishment from medical
expenses in China: policy implications of universal health insurance. Bull
World Health Organ. 2012;90(9):664–71.

29. Kendig H, Gong C, Yiengprugsawan V, Siverstein M, Nazroo J. Life course
influences on later life health in China: childhood health exposure and
socioeconomic mediators during adulthood. SSM Population Health. 2017;3:
795–802.

30. Cheng L, Tan L, Zhang L, Wei S, Liu L, Long L, Zhang J, Wu Y, Zhang Q, Nie
S. Chronic disease mortality in rural and urban residents in Hubei Province,
China, 2008-2010. BMC Public Health. 2013;13:713.

31. Feng Z, Wang WW, Jones K. A multilevel analysis of the role of the family
and the state in self-rated health of elderly Chinese. Health Place. 2013;23:
148–56.

32. Evandrou M, Falkingham J, Feng Z, Vlachantoni A. Individual and province
inequalities in health among older people in China: evidence and policy
implications. Health Place. 2014;30:134–44.

33. Yu H. Universal health insurance coverage for 1.3 billion people: what
accounts for China's success? Health Policy. 2015;119(9):1145–52.

34. Shi L, Zhang D. China's new rural cooperative medical scheme and
underutilization of medical care among adults over 45: evidence from
CHARLS pilot data. J Rural Health. 2013;29(Suppl 1):s51–61.

35. Gong CH, Kendig H, He X. Factors predicting health services use among
older people in China: an analysis of the China health and retirement
longitudinal study 2013. BMC Health Serv Res. 2016;16:63.

36. Li X, Zhang W. The impacts of health insurance on health care utilization
among the older people in China. Soc Sci Med. 2013;85:59–65.

37. Noh JW, Kim J, Yang Y, Park J, Cheon J, Kwon YD. Body mass index and
self-rated health in east Asian countries: comparison among South Korea,
China, Japan, and Taiwan. PLoS One. 2017;12(8):e0183881.

38. Falk H, Skoog I, Johansson L, Guerchet M, Mayston R, Horder H, Prince M,
Prina AM. Self-rated health and its association with mortality in older adults
in China, India and Latin America- a 10/66 dementia research group study.
Age Ageing. 2017;46(6):932–9.

39. Zhang J, Mauzerall DL, Zhu T, Liang S, Ezzati M, Remais JV. Environmental
health in China: progress towards clean air and safe water. Lancet. 2010;
375(9720):1110–9.

40. Cai F, Giles J, O'Keefe P, Wang D. The elderly and old age support in rural
China: challenges and prospects. Washington DC: The International Bank for
Reconstruction and Development / The World Bank; 2012.

http://www.gov.cn/zwgk/2009-04/07/content_1279256.htm
http://www.gov.cn/zwgk/2009-04/07/content_1279256.htm
http://en.nhfpc.gov.cn/2017-03/29/c_71406.htm
http://www.stats.gov.cn/tjsj/ndsj/2017/indexeh.htm
http://www.stats.gov.cn/tjsj/ndsj/2017/indexeh.htm

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Measures and covariates
	Statistical analyses

	Results
	Discussion
	Conclusion
	Appendix
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

