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Abstract
Background: China and India are the world’s two most populous countries. Although their populations are growing
in number and life expectancies are extending they have different trajectories of economic growth, epidemiological
transition and social change. Cross-country comparisons can allow national and global insights and provide evidence
for policy and decision-making. The aim of this study is to measure and compare disability in men and women, and in
urban and rural dwellers in China and India, and assess the extent to which social and other factors contribute to the
inequalities.
Methods: National samples of adults aged 50 to 79 years in China (n = 11,694) and India (n = 6187) from the World
Health Organization (WHO) longitudinal Study on global AGEing and adult health (SAGE) Wave 1 were analysed.
Stratified multiple linear regressions were undertaken to assess disability differences by sex and residence, controlling
for other biological and socioeconomic determinants of disability. Oaxaca-Blinder decomposition partitioned the twogroup inequalities into explained and unexplained components.
Results: In both countries women and rural residents reported more disability. In India, the gender inequality is
attributed to the distribution of the determinants (employment, education and chronic conditions) but in China about
half the inequality is attributed to the same. In India, more than half of the urban rural inequality is attributed to the
distribution of the determinants (education, household wealth) compared with under 20% in China.
Conclusions: Education and employment were important drivers of these measured inequalities. Overall inequalities in
disability among older adults in China and India were shaped by gender and residence, suggesting the need for
policies that target women and rural residents. There is a need for further research, using both qualitative and
quantitative methods, to question and challenge entrenched practices and institutions and grasp the implications of
global economic and social changes that are impacting on population health and ageing in China and India.
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Background
China and India have the world’s largest country populations - estimated at 1.4 and 1.3 billion respectively. Together they are home to 31% of the global population.
More than one third of adults aged 60 and above live in
either China or India, and by 2050 this proportion will
exceed 38% (three-quarters of 1 billion) [1–4]. Over the
next one and half decades, about 65% of the Chinese
health burden and 44% of the Indian health burden will
be borne by adults aged 60 and above [5, 6]. These two
population superpowers have similarly prominent global
positions in the Asia-Pacific region, yet different demographic and epidemiological trajectories. Understanding
socioeconomic disparities in health is particularly important for policy and planning and China and India are
attracting increasing global attention in relation to the
impact of social and economic factors on health [7].
Cross-country comparisons can allow global and national
insights and provide evidence for decision-making. In this
paper we analyse and compare inequalities in disability in
older adults in China and India.
China initiated major industrial sector reforms in the
early 1980s and India’s economic policy reforms began a
decade later resulting in slower but nonetheless steady
economic development. China’s late marriage and onechild policies have led to declines in fertility and changes
in the population structure. Between 2000 and 2010, the
ratio of the working-age (15–64 years) to non-workingage population in China rose from 2.2 to 3.1 while in
India, the ratio increased from 1.5 to 1.75 in the same
period. China is facing population ageing much earlier
than India [7, 8].
Both countries are experiencing altered morbidity burdens due to increased life expectancies. China has made
good progress with regard to successful infectious disease control, but now faces a rising epidemic of noncommunicable diseases (NCDs). India is experiencing a
double burden of both communicable and NCDs [9]. In
China the largest share of the disease burden is due to
NCDs [10].
Although China and India are similar in that they are
both undergoing rapid social and economic transitions –
including rising incomes, increasing rural to urban migration, changing roles for women in education and employment, and shifts from traditional extended family
structures to smaller nuclear family units - there are notable differences. For example, primary education is almost universal in China but India is lagging in this
regard. Between 1990 and 2005 the total share of the
population attaining post-secondary education in China
rose from 2% (2.7% male, 1.3% female) to 6.9% (7.8%
male, 6.1% female). In contrast, the population of India
is poorer and less well educated [11]. By most social and
economic measures, the status of daughters, girls, and
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women is worse in India than China [7, 11, 12]. In
China, labour force participation for women aged 15–
64 years is higher than the average for middle-income
countries (76% compared with 63%). Although younger
women in India are becoming more educated, many
older women are steeped in traditional customs and
have less opportunities for educational advancement and
professional employment than their male counterparts
[8, 11]. Urbanisation is proceeding faster in China than
in India and the sustainability of Chinese family agriculture is further challenged by the pressures of globalisation and climate change. China’s economic development
has fuelled large-scale migration from rural to urban
areas; younger workers are shifting from agriculture into
industry and services in the cities and towns. Between
1990 and 2005, the percentage of people aged 60 and
above working in agriculture in China increased from 5
to 10%. Although nationally China has reaped the economic benefits of increased productivity and mechanisation, the rural elderly are relatively poorer and more
vulnerable than the urban elderly [6, 7, 13–17]. In India
agriculture remains a major source of informal and low
paid formal employment for older workers, particularly
women, and poverty is high in rural areas [8, 11, 16, 18].
In 2006, the estimated shares of the labour force covered by mandatory pension schemes were 21% in China
and 9% in India. In China approximately 68% of older
people in cities and 21% in towns rely on pensions as a
main source of support but India has no comparable social security [9]. Labour force participation among those
aged 60 years and above is almost 50% in rural areas in
India and this is mostly for low paid informal employment
[8, 16, 19, 20]. As in many other traditional societies, extended family and kinship networks provide support for
the elderly in China and India, particularly in rural areas.
Changes in family and intergenerational relationships and
women’s roles impact on the health and welfare of older
people [21]. China is expanding coverage of governmentfunded health insurance [22] but in India healthcare is
dominated by the private sector and affordability is a
major barrier to access [9]. Only 15% of the population in
India has access to formal health insurance, and 75% percent of all healthcare expenses are paid for directly by individuals, compared with 45% in China [8].
Older adults experience disability, or disablement,
through decrements in physical, cognitive and social function. Disability coexists with many types of conditions,
e.g. NCDs, infectious diseases, or events such as falls
and stroke [23]. Under the International Classification
of Functioning, Disability, and Health (ICF) framework
‘disability’ is understood to mean functioning according
to body capacities that are modified by the individual’s
physical and social environment and/or personal attributes [24–27]. This study uses the universally agreed
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ICF disability definition endorsed by the World Health
Organization (WHO) [5, 27–29].
A few recent epidemiological studies have specifically
compared and commentated on health and ageing in
China and India using comparable self-reported data on
health status (variously defined), risk factors, and chronic
disease. In one of the first such studies the authors reported declines in health with increasing age, with a
steeper gradient in India than in China [5]. Subsequent
cross-country analyses of the health of adults aged 50 and
above showed that respondents in China reported better
health and less disability than those in India [6, 30]. The
authors of a study of rural only adults in China and India
identified significant wealth inequalities for functional
limitation and disability (measured by activities of daily
living) in both countries as well as better health status
in rural China [14]. Urban rural differences were also
highlighted in a more recent analysis that investigated
the impact of out-of-pocket-health-expenditure on impoverishment in China and India. The authors concluded
that, in both countries, residing in a rural area increased
the likelihood of falling below the poverty line [31].
A huge body of literature refers to the now well-known
social, economic and demographic factors, or social determinants, that create inequalities and inequities in health
outcomes between people in all parts of the world. China
and India are no exception [32, 33]. Individuals with
higher education and income or wealth generally experience better health, and people who live in rural areas often
have less proximity to healthcare and other services compared with their urban counterparts [34]. In many settings
women and older adults are disadvantaged in terms of
their health and social and economic circumstances, and
people in rural areas face geographical and other barriers
in accessing healthcare [27, 35–38].
In this study disability specifically refers to decrements
in the individual’s body functions, or capacities to undertake activities that may or may not be linked to their
underlying health condition(s) [39]. The aim is to measure and compare differences in disability in men and
women, and in urban and rural dwellers, in adults aged
50 and above in China and India, and assess the extent
to which social factors contribute to the inequalities.
The objectives are to: 1) describe how gender, place of
residence and other factors are associated with a standardised disability score, and 2) decompose the association
between social determinants and inequalities in mean
disability between men and women, and between urban
and rural residents. The country comparison is timely
because health and disability may well become significant economic impediments for China and India [7,
40]. The decomposition method is important because it
shows how social and other determinants contribute to
the measured inequalities.
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Methods
Data collection

The data source is the WHO longitudinal Study on global
AGEing and adult health (SAGE) Wave 1 (2007-2010).
WHO-SAGE Wave 1 employed a multistage stratified random sampling strategy whereby stratification was based
on the size of the first unit of selection - provinces in
China and states in India. The probability proportional to
size sampling method was used to select primary sampling
units - towns in China and villages in India - and households were selected randomly within these units. All
adults aged 50 and over in selected households completed
the individual questionnaire which is the data source for
this study. Post-stratification weights were used to adjust
for age and gender distributions and non-response [41].
WHO-SAGE data sets are in the public domain. Details of
WHO-SAGE are given elsewhere [42].
Study variables

The study used a rigorous WHO measure of disability
taken from questions about health and functioning. The
questions covered eight domains of health-related function: vision; mobility; self-care; cognition; interpersonal
activities; pain and discomfort; sleep and energy, and affect
[43]. Respondents rated the amount of difficulty they had
experienced in each domain in the previous 30 days using
the categories: no difficulty, mild difficulty, moderate
difficulty, severe difficulty and extreme difficulty. See
Additional file 1: Appendix B.
Item Response Theory (IRT) was used to develop a
calibrated disability score (the dependent variable) which
was derived using a partial credit model with item calibration. The same method has been used in a number
of other studies [5, 27, 28, 39]. (See Additional file 2:
Appendix A). Chi-squared statistics were calculated to
determine how well each item contributed to the overall disability measure. Raw scores were transformed
into a continuous cardinal scale with a range of 0 (functionally able) to 100 (highest disability) [44].
The literature on the social determinants of health and
disability informed the selection of independent variables
[25, 27, 36]. With the exception of age, the independent
variables were all categorical. The relationship between age
and disability was linear and age is expressed continuously
in single year increments. Other independent variables are:
gender (men vs. women); marital status (never married/
cohabiting vs. separated/divorced/widowed/single); employment (currently working vs. not currently working
vs. never worked); education level (no primary schooling
vs. completed primary school vs. completed secondaryhigh school vs. completed university/college); place of
residence (urban vs. rural) and household wealth quintiles.
A hierarchical ordered probit model [45] was used to develop a relative index of household wealth from which
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country-specific wealth quintiles were statistically generated in the raw data based on household asset ownership
of durable goods, dwelling characteristics and access to
services such as improved water, sanitation, and cooking
fuel. Wealth quintiles provide an alternative measure of
income and assets that is less likely to be biased by contextual differences than measures based on self-reported
income [45]. Although in some studies quintile 1 denotes
the least wealthy, here quintile 1 represents the wealthiest
group and quintile 5 the least wealthy group.
Given that NCDs are contributors to disability in older
adults we expected confounding because of association
between NCDs and social factors [46, 47]. A ‘chronic
conditions’ variable that measured up to five possible
self-reported NCDs - depression, arthritis, angina, asthma
and diabetes – is included. This is expressed as: zero vs.
one vs. two or more chronic conditions.
Study sample

The available samples from individual SAGE Wave 1 respondents were 15,050 in China and 12,198 in India.
First only respondents aged 50 years and above were selected in line with the WHO distinction between younger and older people in developing countries [42]. The
final country study samples comprised 11,694 respondents in China (5488 men and 6206 women) and 6187
respondents in India (3111 men and 3076 women). Exclusion criteria were: unfinished interviews (237 in China and
968 in India); age under 50 years (1636 in China and 4670
in India) and missing data on study variables (705 in
China and 45 in India). At least 99% of records in both
countries had complete data; there was no evidence of
bias due to missing data. After checking for heteroscedasticity in the residuals, records of respondents aged 80 years
and above were excluded at the next stage (778 in China
and 328 in India). This is explained further in the Statistical analysis section.
Ethics statement

WHO-SAGE study was approved by the Ethics Review
Committee, World Health Organization, Geneva,
Switzerland; the Ethics Committee, Shanghai Municipal
Centre for Disease Control and Prevention, Shanghai,
China, and the Institutional Review Board, International
Institute of Population Sciences, Mumbai, India. Approval
covered all procedures undertaken as part of the study.
Written informed consent was given by all individual
participants.
Statistical analysis

The samples of men and women in China and India are
described by socio-demographic characteristics and disability. Actual numbers of observations and weighted
proportions (for categorical variables) are given. Tests of
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significance (Chi-squared for categorical variables and
t-tests for continuous variables) are used to compare
the characteristics of women and men in each country.
The p-values are reported in the tables.
Univariable analysis was undertaken to select independent variables for the multiple linear regression with the inclusion criterion set at p < 0.05. No candidate variables
were removed. Model assumptions for linear regression
were checked. The only violation was heteroscedasticity in
the residuals in records where age > = 80. For this reason,
the age range for all analyses was 50 to 79 years inclusive.
Pairs of categorical variables were assessed for possible
interactions i.e. to see whether the effect of one independent variable differed according to different levels of another
independent. Interaction between gender and residence
was observed (p < 0.05); the models were stratified by gender and residence to further investigate these effects. Multicollinearity was tested using the variance inflation factor
(VIF) statistic (given in tables). Results of VIF < 5 indicate
reasonable independence among predictor variables.
Stratification provided the basis for Oaxaca-Blinder
decomposition [48] based on ordinary least squares regression. The method partitions the difference between
two group means into a part that arises because the
groups have different characteristics, and a part that is
due to the differential effects of the characteristics in the
groups. The first part is called the ‘explained’ component
and the second the ‘unexplained’ component. The
method is explained in greater detail elsewhere [49, 50].
See Additional file 3: Appendix C.
Four two-group decompositions were undertaken: inequality in mean disability scores between men and
women in China; inequality in mean disability scores between men and women in India; inequality in mean disability scores between urban and rural residents in China,
and inequality in mean disability scores between urban
and rural residents in India. The decomposition methodology involves constructing counterfactual equations. For
the gender inequality, for example, the decomposition
constructs an equation that substitutes the intercept and
coefficients from the men’s regression into the women’s
regression. This approach allows us to distinguish between
the part of the inequality attributed to the determinants in
the model (i.e. the explained part) from the remaining part
attributed to the effects of the coefficients (i.e. the unexplained part). The p-values show statistical significance.
Contributions (positive and negative) made by each of
the determinants to the measured two-group inequality
are reported. Positive contributions support the direction
of the inequality and negative contributions offset the difference or gap in the disability meaurements.
All analyses reported here include SAGE country
weights made available by WHO. STATA Version 13
(StataCorp, 2013) was used for all statistical analyses.
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Results
There were statistically significant differences in the frequencies between men and women for marital status
(p < 0.01), education (p < 0.01), employment (p < 0.01),
residence (p < 0.05) and chronic conditions (p < 0.01) in
both China and India, and age in India (p < 0.01) (Table 1).
Household wealth status was not significantly different between men and women in either country. The disability
score was higher in India (men: 42.5 and women: 49.4)
than in China (men: 29.2 and women: 33.2) and significantly higher in women than in men for both countries
(p < 0.01).
For the analysis of disability, the full (un-stratified)
models show that in both countries, women and rural
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residents who were older and poorer, had incomplete
primary education, were not employed, and had multiple
chronic conditions, reported more disability and that
these differences were statistically significant. Martial
status was not significant in either country. The stratified linear regressions reveal specific associations with
disability separately for men and women and for urban
and rural residents.
In the gender stratification, older age was statistically
significant and positively associated with disability for
men and women in both China (Table 2) and India
(Table 3). Compared with being married or cohabiting,
being separated, divorced, widowed or single, was statistically significant in association with disability for men

Table 1 Characteristics of the study population, adults aged 50-79 years, China and India, Sage Wave 1, 2007-2010
China (n = 11,694)

India (n = 6187)

Men (N = 5488)

Women (N = 6206)

Men (N = 3111)

Women (N = 3076)

N (a %)

N (a %)

N (a %)

N (a %)

Marital status
Married/Cohabiting

4985 (91.6)***

5008 (82.5)

2758 (92.2)***

1941 (64.9)

Separated/divorced/widowed/single

503 (8.4)

1198 (17.5)

353 (7.8)

1135 (35.1)

Completed college/university

353 (6.1)***

176 (2.9)

258 (8.9)***

61 (1.6)

Completed secondary

2157 (38.8)

1827 (28.3)

896 (30.9)

268 (7.1)

Completed primary

1299 (25.0)

1074 (18.3)

553 (18.3)

342 (11.5)

No primary

1679 (30.2)

3129 (50.5)

1404 (41.9)

2405 (79.9)

Currently working

2700 (54.8)***

2033 (35.0)

1924 (66.6)***

674 (20.6)

Not currently working

2334 (40.2)

3203 (52.9)

1068 (30.8)

797 (26.5)

Never worked

454 (5.0)

970 (12.2)

119 (2.6)

1605 (51.9)

Wealthiest quintile

1081 (22.2)

1254 (22.5)

779 (24.3)

766 (23.3)

Second wealthiest quintile

1169 (24.1)

1274 (23.6)

698 (21.1)

643 (18.3)

Mid quintile

1122 (20.4)

1228 (20.5)

559 (18.5)

580 (19.4)

Second poorest quintile

1108 (18.2)

1208 (17.7)

574 (19.0)

583 (20.1)

Poorest quintile

1008 (15.1)

1242 (15.8)

501 (17.1)

504 (18.9)

Urban

2512 (43.7)***

3209 (51.5)

757 (28.8)**

844 (29.7)

Rural

2976 (56.3)

2997 (48.6)

2354 (71.2)

2232 (70.3)

3900 (71.2)***

3852 (61.2)

1482 (47.8)***

1231 (39.5)

Education

Employment

Household wealth status

Residence

Chronic conditions
No conditions
One condition

1241 (23.2)

1761 (29.2)

904 (26.7)

992 (32.4)

Two or more conditions

347 (5.5)

593 (9.6)

725 (25.5)

853 (28.2)

Mean (SD)

Mean (SD)

Mean (SD)

Mean (SD)

Age mean in years (SD)

62.0 (8.1)

61.7 (8.2)

61.0 (7.7)***

60.1 (7.4)

Disability score mean (SD)

29.2 (15.5)***

33.2 (14.9)

42.5 (15.1)***

49.4 (12.9)

ƛ2 tests for categorical variables and two-sample, two-sided t-tests for continuous variables with **p-value < =0.05; ***p-value < =0.01
a
survey sampling weights used to give percentage estimates. Percentages may not sum due to rounding. SD standard deviation
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Table 2 Multiple linear regression of factors associated with disability, full and stratified models, adults aged 50-79 years, China, SAGE
Wave 1
Full model

Model stratified by gender

Model stratified by residence

Total (N = 11,694)

Men (N = 5488)

Women (N = 6206)

Urban (N = 5721)

Coefficient (95% CI)

Coefficient (95% CI)

Coefficient (95% CI)

Coefficient (95% CI)

Coefficient (95% CI)

Intercept

−9.13 (−12.9,5.34)

−9.98 (−14.5,-5.42)

−6.04 (−10.1,-1.95)

−8.24 (−12.8,-3.64)

−12.3 (−19.2,-5.42)

Age

0.38 (0.33,0.43)

0.38 (0.31,0.45)

0.38 (0.34,0.43)

0.38 (0.30,0.45)

0.39 (0.33,0.46)

2.35 (1.73,2.97)

NA

NA

1.52 (0.64,2.40)

3.12 (2.19,4.04)

0.97 (−0.13,2.06)

2.50 (0.54,4.47)

0.39 (−0.49,1.27)

0.91 (0.02,1.80)

1.00 (−1.07,3.07)

Completed secondary

2.71 (0.87,4.55)

2.68 (0.16,5.21)

3.06 (1.09,5.03)

2.20 (0.40,4.01)

10.3 (5.60,15.0)

Completed primary

4.22 (1.91,6.52)

3.74 (0.85,6.62)

5.27 (2.91,7.64)

4.91 (2.22,7.60)

10.2 (5.74,14.7)

No primary

4.87 (2.71,7.04)

4.65 (1.87,7.43)

5.49 (3.26,7.72)

5.09 (2.64,7.54)

11.4 (6.77,16.0)

Rural (N = 5973)

Gender (Reference men)
Women

Marital status (Reference married/cohabiting)
Separated/divorced/widowed/single
Education (Reference college/university)

Employment (Reference currently working)
Not currently working

3.28 (2.41,4.14)

4.26 (2.89,5.64)

2.07 (0.97,3.16)

3.26 (1.81,4.71)

3.47 (2.19,4.74)

Never worked

3.40 (1.95,4.84)

3.74 (1.80,5.68)

2.75 (1.23,4.27)

3.51 (0.45,6.56)

3.41 (1.73,5.10)

Second wealthiest quintile

4.64 (2.55,6.74)

5.23 (2.95,7.50)

4.06 (1.67,6.45)

3.54 (0.82,6.26)

6.34 (3.61,9.08)

Mid quintile

5.98 (3.86,8.10)

6.88 (4.69,9.08)

5.06 (2.66,7.45)

5.20 (2.39,8.01)

7.15 (4.38,9.92)

Second poorest quintile

6.27 (4.17,8.37)

6.99 (4.92,9.06)

5.51 (3.02,8.00)

7.92 (5.06,10.8)

6.28 (3.55,9.02)

Poorest quintile

7.89 (5.37,10.4)

8.98 (6.40,11.6)

6.76 (4.01,9.51)

8.54 (5.74,11.4)

8.37 (4.64,12.1)

5.38 (4.11,6.64)

5.02 (3.46,6.59))

5.54 (4.26,6.82)

NA

NA

Household wealth (Reference wealthiest)

Residence (Reference urban)
Rural

Chronic conditions (Reference no conditions)
One condition

7.21 (6.63,7.79)

8.00 (7.07,8.93)

6.48 (5.68,7.28)

6.84 (6.05,7.64)

7.44 (6.56,8.32)

Two or more conditions

12.8 (11.7,13.9)

12.6 (11.0,14.2)

12.7 (11.6,13.9)

13.7 (12.2,15.2)

11.2 (9.62,12.8)

R-squared

0.28

0.26

0.27

0.29

0.23

Variance Inflation Factor (VIF)

1.38

1.35

1.36

1.40

1.30

Note: Survey sampling weights applied
NA not applicable

only in China and for women only in India. In both countries having had no primary education, compared with
having completed college or university, was statistically
significant in association with disability. Having never
worked, compared with not currently working, was statistically significant in association with disability in men and
women in both countries; in India the association was significantly higher for men. Being in households with
greater wealth was also statistically significant and protective of disability in men and women in both China and
India. Rural residence was statistically significant and similarly associated with disability for men and women in
China, but the association was statistically significant only
for men in India. Having multiple diagnosed chronic conditions was statistically significant in association with disability for men and women in both China and India.

In the residence stratification, older age was statistically significant and positively associated with disability
for urban and rural residents in both countries. In rural
China and urban India, male gender was statistically significant and protective of disability. Higher education
was statistically significant and protective of disability
for both urban and rural residents, particularly in rural
China. Employment was statistically significant and
protective of disability regardless of residence in China
but statistically significant only for rural residents in
India. Household wealth was statistically significant and
protective of disability for both urban and rural residents in both countries. Having multiple diagnosed
chronic conditions was statistically significant in association with disability in both countries, and particularly
for urban residents.
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Table 3 Multiple linear regression of factors associated with disability, full and stratified models, adults aged 50-79 years, India, SAGE
Wave 1
Full model

Model stratified by gender

Model stratified by residence

Total (N = 6187)

Men (N = 3111)

Women (N = 3076)

Urban (N = 1601)

Coefficient (95% CI)

Coefficient (95% CI)

Coefficient (95% CI)

Coefficient (95% CI)

Coefficient (95% CI)

Intercept

10.4 (5.56,15.1)

9.20 (1.80,16.6)

15.3 (9.84,20.8)

7.37 (−2.23,17.0)

14.4 (9.55,19.3)

Age

0.29 (0.22,0.35)

0.30 (0.19,0.41)

0.24 (0.16,0.32)

0.33 (0.17,0.47)

0.28 (0.22,0.34)

2.85 (1.61,4.10)

NA

NA

4.63 (1.38,7.87)

2.45 (1.15,3.74)

1.15 (−0.30,2.60)

−1.23 (−3.66,1.21)

2.10 (0.35,3.85)

1.00 (−2.99,5.19)

1.03 (−0.32,2.37)

Completed secondary

2.63 (0.21,5.05)

1.95 (−0.89,4.80)

4.66 (0.75,8.57)

2.93 (−1.08,6.94)

1.91 (−1.36,5.18)

Completed primary

3.35 (0.05,6.66)

2.32 (−1.57,6.22)

6.49 (2.09,10.9)

2.77 (−3.88,9.43)

3.13 (−0.14,6.41)

No primary

5.04 (2.30,7.78)

4.40 (1.17,7.64)

7.45 (3.50,11.4)

4.36 (0.89,9.60)

4.67 (1.54,7.80)

Rural (N = 4586)

Gender (Reference men)
Women

Marital status (Reference married/cohabiting)
Separated/divorced/widowed/single
Education (Reference college/university)

Employment (Reference currently working)
Not currently working

4.23 (2.92,5.33)

5.09 (3.13,7.04)

2.67 (0.94,4.41)

2.61 (−0.26,5.48)

4.99 (3.90,6.09)

Never worked

4.38 (2.65,6.11)

10.9 (7.53,14.3)

2.88 (1.20,4.57)

2.49 (−1.67,6.65)

4.84 (3.15,6.53)

Second wealthiest quintile

2.18 (0.52,3.84)

3.28 (0.79,5.77)

0.85 (−0.81,2.51)

4.23 (0.58,7.87)

1.16 (−0.25,2.58)

Mid quintile

3.24 (1.32,5.15)

3.46 (1.20,5.73)

2.89 (0.40,5.38)

3.72 (−0.49,7.94)

2.99 (1.12,4.86)

Second poorest quintile

3.59 (1.75,5.42)

3.80 (1.32,6.28)

3.19 (0.92,5.46)

1.38 (−3.36,6.11)

3.88 (2.29,5.46)

Poorest quintile

5.92 (4.11,7.72)

5.25 (2.62,7.88)

6.17 (4.34,7.99)

8.67 (4.32,13.0)

5.14 (3.21,7.07)

2.57 (0.31,4.83)

3.14 (0.70,5.59)

2.01 (−0.72,4.74)

NA

NA

Household wealth (Reference wealthiest)

Residence (Reference urban)
Rural

Chronic conditions (Reference no conditions)
One condition

7.28 (5.95,8.62)

7.55 (5.64,9.46)

7.05 (5.50,8.60)

7.53 (4.09,11.0)

7.02 (5.87,8.17)

Two or more conditions

12.8 (11.1,14.5)

13.3 (11.1,15.6)

12.3 (10.4,14.3)

14.8 (11.0,18.6)

11.9 (10.7,13.2)

R-squared

0.31

0.29

0.26

0.32

0.30

Variance Inflation Factor (VIF)

1.45

1.41

1.35

1.47

1.43

Note: Survey sampling weights applied
NA not applicable

Factors positively associated with disability in both
women and men and urban and rural residents in China
and India were older age, lower household wealth, and
multiple diagnosed chronic conditions. In the gender
stratification, rural residence was associated with disability. In the residence stratification, female gender was associated with disability, particularly in rural China and
urban India. In China, being male and married was protective of disability and in India, being female and married was protective of disability. Current employment
and higher education were protective of disability in
both stratifications. However in India, higher education
was particularly protective of disability in women, and
employment was more strongly protective of disability
in men and in China, higher education was more protective among rural residents.

The stratified linear regressions show associations between the determinants and disability in gender and
residence sub-groups in China and India. In the post-regression decompositions inequality in disability i.e. either between men and women or urban and rural
residents, is the outcome. Each regression-based decomposition shows the extent to which the determinants explain the measured inequality.
When reporting the results of the Oaxaca-Blinder decomposition it usual to highlight the findings to show
how much of the measured inequality is ‘explained’ or
not by the distribution of the determinants in each
group. This summary information can communicate
clear messages to policy-makers.
Table 4 shows the gender decompositions for China
and India. On average in both countries, women had
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Table 4 Decomposition of gender inequality in disability by
China and India, adults aged 50-79 years, SAGE Wave 1
China (N = 11,694)

India (N = 6187)

Table 5 Decomposition of residence inequality in disability by
China and India, adults aged 50-79 years, SAGE Wave
China (N = 11,694)

India (N = 6187)

Mean (CI)

Mean (CI)

Mean (CI)

Mean (CI)

Mean disability score women

33.2 (32.8,33.6)

49.0 (48.5,49.5)

Mean disability score rural

33.0 (32.6,33.4)

47.1 (46.7,47.5)

Mean disability score men

29.2 (28.8,29.6)

43.1 (42.6,43.7)

Mean disability score urban

29.6 (29.2,30.0)

43.0 (42.3,43.7)

Difference in mean disability

3.96 (3.40,4.51)

5.86 (5.16,6.56)

Difference in mean disability

3.39 (2.83,3.94)

4.12 (3.30,4.94)

Difference that is explained by
the determinants

1.91

5.91

Difference that is explained
by the determinants

0.65

2.18

Difference that is not explained
by the determinants

2.05

−0.05

Difference that is not explained
by the determinants

2.74

1.94

Explained Contribution

Contribution

Contribution

Explained Contribution

Contribution

Contribution

Determinants

Determinants

Age

−0.09

−0.33***

Age

−0.60***

−0.04

Marital status

0.22***

−0.22

Gender

−0.09***

−0.05

Education

0.37***

1.38***

Marital status

−0.01

−0.02

Employment

0.66***

4.37***

Education

1.26***

1.64***

Household wealth

0.05

0.03

Employment

−0.85***

−0.31**

Residence

−0.17***

−0.06**

Household wealth

1.89***

0.98**

Chronic conditions

0.87***

0.7***

Chronic conditions

−0.95***

−0.03

1.91***

5.91***

0.65**

2.18***

Total Explained Contribution

Total Explained Contribution

**p-value < 0.05 ***p-value < 0.01
CI 95% confidence interval

**p-value < 0.05 ***p-value < 0.01
CI 95% confidence interval

more disability. The inequality was greater in India than
in China. In China, about half of the gender inequality
can be explained by differences in the distribution of the
determinants. In other words out of a difference of 3.96
in disability points, about 1.91 (disability points) were
due to differences in the distribution of the determinants
in the two groups of men and women. If the determinants had been equally distributed in China the disability
inequality would have been 1.91 points lower. In India,
the contributions by the individual determinants (5.91)
exceeds the inequality (5.86). This means that if the distribution of the determinants were the same for women
as it was for men, men would have had more disability
than women. We would then expect that on average
women’s disability would have been 0.05 points less than
men’s.
Age and residence were both negative contributors,
which means that they offset or decreased the inequality.
Women were younger and tended to live in urban areas
and younger age and urban residence were protective of
disability. Overall the gender inequalities in both China
and India are mostly explained by the distribution of
multiple chronic conditions, unemployment and lower
education in women compared with men (p < 0.01).
Table 5 shows the decompositions by urban and rural
residence for China and India. Overall the disability inequality disfavours rural residents, with the difference
larger in India. In China about 20% of the residence

inequality is explained by the distribution of the determinants compared with over half in India. Given a difference of 3.39 disability points between urban and rural
residents in China, just 0.65 (disability points) were due
to differences in the distribution of the determinants in
the two residence groups. In India out of the difference
of 4.12 disability points between urban and rural residents, 2.18 points were due to differences in the distribution of the determinants in the two residence groups.
Therefore most of the residence inequality in India was
due to the distribution of the determinants while a large
part of the residence inequality in China was attributed
to unobserved factors.
Education and household wealth were major contributors to the residence inequalities in both China and
India, regardless of offsetting contributions by age, residence, marital status, employment, and chronic conditions. This means that although factors such as younger
age, male gender, marital status, employment, and chronic
conditions favoured rural residents, education and household wealth were dominating contributors to the inequality that disfavoured rural residents. As with the gender
inequality, this was more evident in India than in China.
Both the gender and residence decompositions therefore
explain a large share of the disability inequalities in India.
However, in China the inequalities are also attributed to
‘other’ factors not specified in our models. Further reference to this is given in the Discussion.
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Discussion
This study of adults aged 50 to 79 years in China and
India shows how gender, residence, age, marital status,
education, employment, household wealth and chronic
conditions are associated with disability. The decomposition further elucidates how these determinants separately contribute to inequalities in disability between men
and women and urban and rural residents.
There are several notable findings. Firstly, disability
was higher in India than in China. Secondly, women reported more disability than men with the difference larger in India than China. Thirdly, rural residents reported
more disability than urban residents, with the difference
again larger in India. Fourthly, in India the gender inequality in disability was attributed to the determinants,
predominantly employment, education and diagnosed
chronic conditions. Only half of the inequality was attributed to the same determinants in China. Lastly, in
India, just over half of the inequality in disability between rural and urban residents was attributed to the
determinants, largely education and household wealth.
However in China, less than 20% of the inequality in disability between rural and urban residents was attributed
to the determinants.
The results point to greater inequalities in disability
between men and women and urban and rural residents,
in India than in China. The decomposition analysis
shows that these inequalities are mainly attributed to
social factors such as employment and education in
India. It is well-known that women in India still face
gender inequalities in education and employment [12].
Women in China fare relatively better in this regard,
and gender equality is promoted within the national
agenda [51]. Another reason for the difference is that
Chinese culture has a strong Communist norm whereby
there is an expectation that all working age men and
women should be in the workforce contributing to national income [7, 11, 12].
Disability differences between China and India

The finding of better population health in China compared with India is not new [5, 6, 10, 29, 30, 52]. What
this study adds however is: firstly, a direct comparison
between China and India using a standardised measure
of disability that encapsulates broad multifaceted aspects
of health and function in older adult populations, and
secondly, informed explanation of the measured inequalities by country, gender and residence.
Economic development is one explanation for the disability difference between China and India. China’s per
capita income exceeds that of India. China emerged as a
dominant global economic force following a series of
major market-orientated reforms that began in the 1980s.
By contrast, India began a slower more gradual economic
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transformation in the 1990s. Between 1990 and 2005
China’s average per capita growth was 8.7% compared
with India’s 4%. China’s economic growth was largely responsible for a decline in the poverty rate from 64% in the
early 1980s to 10% in 2004. The bi-directional association
between economic growth and population health is wellestablished. Improved health leads to economic growth
and economic growth leads to improved health [7, 52, 53].
In China healthcare is underwritten by the government and recent reforms are aimed at increasing health
insurance coverage. China’s success so far has been notable with healthcare now made more accessible and affordable across the population, and coverage extended
to older adults [22]. However in India the majority of
healthcare is delivered by a largely unregulated private
sector. For large sections of the population in India, including older people and the poor, affordability is an impediment to healthcare access [9, 52].
Disability differences between men and women in China
and India

Differences in self-reported health measures between men
and women have been documented in studies undertaken
in many countries [37] including China and India [14].
Gender health inequality can vary by a decade. A study of
China and India for example, showed that in both countries, even after correcting for possible reporting biases,
the health scores for women aged 50-59 were similar to
those for men aged 60–69, and for women aged 60-69
health scores were similar to men aged 70 and above [6].
The reasons for gender inequality in health are still unclear, and debate about the issues is ongoing. There is still
much to learn about the pathways and mechanisms
through which social determinants differently impact on
the health of women and men.
A possible explanation put forward to explain women’s
relatively poorer health concerns life expectancies. It has
been argued that although women live longer than men
they experience longer periods of poor health including
non-life threatening chronic conditions such as arthritis
and depression. Differences in biological factors and
social determinants may be contributing to the measured health differences between women and men. The
phenomenon, known as the “feminisation of ageing”, is
now widely recognised and deserving of policy attention, particularly in large populous ageing countries
such as China and India [6, 30, 37].
The decomposition shows that the distribution of education and employment in the country samples explains
gender inequalities in both countries, but particularly in
the Indian sample: 23.4% and 73.9% for education and
employment compared with 19.4 and 34.6% respectively
in China. The study sample characteristics show that in
China about half of the female respondents (vs. 30% of
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men) had not completed primary school, and only 35%
of women (vs. 55% men) were currently working. In India
80% women vs. 42% men had never completed primary
school and only 21% women vs. 67% men were currently
working. Lower attainment in education and employment
among women in India is a factor contributing to women’s
poorer health relative to men’s [9, 20, 54]. In India there
are entrenched cultural, religious and ethnic norms that
favour men over women in many areas of public and private life including education and employment [17]. While
traditional gender roles in China have disadvantaged
women in the past this is slowly changing as the country
embraces globalisation and moves towards a more modern open society [4, 7].
The decomposition analysis also shows that, in both
countries, the distribution of reported chronic conditions
(or NCDs) in the country samples helps explain the disability gender inequalities in both countries. The notable
contribution of chronic conditions to disability is expected
because chronic conditions are a reason for decrements in
the health in older people. However, it is interesting to
note the relatively larger contribution by China compared
with India (45.5% vs. 12.52%). Possible reasons for this
country difference include the patterning of NCD risk factors, dissimilar stages of epidemiological transition and
differences in healthcare coverage [4, 53].
The benefits of China’s economic growth need to be
balanced against the high burden of NCDs [7, 10].
Non-communicable disease risk factor behaviours, such
as tobacco use, harmful alcohol practices, poor diet and
sedentary lifestyles are associated with major social
changes such as increasing incomes, rising affluence
urbanization, and industrialisation. These global trends
started earlier and have been occurring more rapidly in
China than in India [5, 53]. India’s health burden is still
dominated by communicable, maternal, perinatal, and
nutritional conditions accounting for 37% of all mortality, compared with just 7% in China [52]. China’s reforms in moving towards universal healthcare coverage
have so far improved access to healthcare for older
adults. Better access to diagnosis and treatment services
for chronic conditions in China is a reasonable explanation for China’s relatively higher chronic conditions
contribution to the measured inequality [22].
We show that education, employment and chronic
conditions help explain gender inequalities in China and
India but only about 50% of the gender inequality in
China was explained by the determinants in the regressions. The results highlight important policy messages
for India in regard to addressing women’s disadvantage
with respect to chronic conditions, employment and
education.
There are other reasons for China’s large ‘unexplained’
gender inequality. The gains from China’s economic
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growth and prosperity have not been equally distributed
across population sub-groups. Social welfare benefits including age pensions and health insurance are not yet
universal, and some older women and rural residents
have limited access to affordable health care compared
with other sections of the population [16, 22, 53].
There are also cultural reasons for gender inequalities.
China has traditionally favoured the continuity of the
male line. Despite increased gender inequity in education and employment, females are still considered inferior to males in many areas of Chinese society [11, 55].
Although this is slowly changing for younger women,
the effects of cultural gender bias on the female psyche
and as part of that, women’s health and well-being, must
not be underestimated.
Disability differences between urban and rural residents
in China and India

In many parts of the world people who live in rural compared with urban areas have less access to health and other
services and rural residents [35]. Higher disability in rural
India compared with rural China reflect different rates and
patterns of urbanisation [7]. According to the World Bank
Data Bank in 2015, 56% of the population in China lived in
urban areas compared with 33% in India (http://data.
worldbank.org/indicator/SP.URB.TOTL.IN.ZS). The results of surveys conducted amongst older people in India’s
towns and villages show a high prevalence of risky behaviours such as tobacco and alcohol use and inadequate
physical activity. Healthcare in India is limited not only by
limited coverage of health conditions but also by poor
coverage to rural areas [6, 9, 20]. In contrast China’s rural
health insurance program that began in 2003 has improved
healthcare access for older rural residents [22].
The decomposition shows that the distribution of education and household wealth helps explain the disability
residence inequalities in both countries, but notably
more so in the China sample. People living in rural areas
tend to be poorer and have less education than their
counterparts in the cities [32, 33]. Growing income and
education disparities between rural and urban residents
have been observed with restrictions on mobility limiting
further opportunities for people living in rural areas
[53]. While the same overall trends are occurring in
India, the factors that underpin rural to urban migration,
and demographic and epidemiological transition across
and within India’s many states are varied and complex.
Urbanisation is constrained by geographic alignment
with ethnic and religious boundaries across many rural
areas. The majority of India’s older adults still reside in
rural areas, many with some levels of family support.
It is interesting to note that the distribution of chronic
conditions significantly offsets the residence inequality
in China. This is possibly a reflection of China’s

Stewart Williams et al. BMC Geriatrics (2017) 17:197

economic and healthcare reforms providing improved
access to diagnosis and treatment in rural areas [7, 22].
Less than 20% of the urban rural inequality in China
was explained by the determinants, compared with just
under 50% in India. Factors not included in the model,
that may have influenced this difference, include necessary regional infrastructure integral to the rollout of
China’s economic and social reforms; urban areas often
benefit from social welfare reforms before rural areas.
The rural elderly in China traditionally rely more heavily
on family support than the urban elderly and this is important for health and well-being. Yet rapid migration of
young adults to the cities has caused disruption of family
structures in rural areas of China [16, 22].
Strengths of the study

This study is important for a number of reasons. Firstly,
the data derive from information on health, well-being
and behaviours collected from nationally representative
cohorts of older adult residents in China and India using
standardised questionnaire instruments. Second, this
study uses a rigorously defined disability construct that
captures health decrements experienced in everyday life,
irrespective of aetiology. Disability may be due to NCDs
such as CVD, diabetes or arthritis, as well as functional
impairments such as loss of sight, hearing or mobility
that impact on activities of daily living. Thirdly, the decomposition method shows the impact of social and
demographic factors on health differences between men
and women and residents of urban and rural areas. This
allows us to disentangle the determinants of health inequalities between population sub-groups. Efforts to
intervene on these determinants might bring policymakers closer to closing the gaps in observed health
inequalities.
Limitations of the study

This analysis is cross-sectional and therefore cannot address the causality (in either direction) between the determinants and our measure of disability. The observed
inequality in disability might reflect true differences in
disability across the study population. Nevertheless, it
might also be due to differential health reporting by men
and women with different education levels. Our results
showed that compared with India, a relatively high proportion of the overall inequality by gender and by residence in China was not explained by the determinants
in the models. This suggests a need for further research
to identify other factors that contribute to these inequalities. We acknowledge that there is evidence of underreporting of chronic conditions among the poor and
those with limited access to services for diagnosis and
treatment. It is therefore possible that self-reported
NCDs underestimate true prevalence and this can also
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explain why chronic conditions were more common in
urban residents in the study samples [56].
It must be acknowledged that the contribution of each
individual factor in a decomposition changes with the
addition of new variables and therefore the reported contributions by the determinants are sensitive to the number
of variables included in the regression models. We also acknowledge that measuring inequalities in disability in
terms of a priori groups as we have done assumes that the
groups are meaningful. There may be noise in the urban
vs. rural classification. This may also be a reason for the
larger proportions of unexplained inequality in the residence decomposition.
Public health implications

Strategies that target improving education and employment opportunities in women and rural residents are one
way of reducing inequalities shaped by gender, particularly
in India but also in China. However, it needs to be acknowledged that gender inequalities are entrenched and
require major long term structural, cultural and social
change. Chronic conditions also contributed to the inequality between men and women, particularly in China.
Prevention and early treatment efforts to mitigate chronic
conditions in these two countries are essential steps for
preventing premature mortality related to chronic diseases, as well for promoting good health and quality of life
in older adults.

Conclusions
This study identifies some of the likely determinants of
disability among older adults, and their policy challenges,
for India and China. Gender and location are important
determinants of disability in older adults in both China
and India. Attempts to slow disability and promote good
health in these two populous rapidly ageing countries
should focus on social determinants, such as education,
and employment, and on alleviating or preventing chronic
conditions. In particular, women in both countries and
rural residents deserve to be targeted in the promotion of
good health and quality of life in later adult years of life.
Health policies and interventions require appropriate data
from studies such as this. There is a need for further research, using both qualitative and quantitative methods,
to question and challenge entrenched practices and institutions and grasp the implications of global economic and
social changes that are impacting on population health
and ageing in China and India.
Additional files
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Stewart Williams et al. BMC Geriatrics (2017) 17:197
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Abbreviations
C: Coefficient; CI: Confidence interval; ICF: International Classification of
Functioning; IRT: Item Response Theory; NCDs: Non-communicable diseases;
SAGE: Study on global AGEing and adult health; VIF: Variance inflation factor;
WHO: World Health Organization
Acknowledgements
We are grateful to the respondents of SAGE Wave 1 in China, India, Ghana and
South Africa and to the WHO for making the WHO-SAGE dataset publicly
available.
Funding
This study was funded by the FORTE grant for the Umeå Centre for Global
Health Research (No. 2006-1512), the Swedish Research Council for Health,
Working Life and Welfare, (Nos: 2013-2056 and 2011-0839). Nawi Ng was also
supported by the project ‘Paths to Healthy and Active Ageing’ funded by
the Swedish Research Council for Health, Working Life and Welfare (FORTE),
Number: 2013-2056. The funders had no role in study design, data collection,
analysis, decision to publish, or preparation of the manuscript. Support for
the SAGE-Wave 1 was provided by the United States National Institute on
Aging (NIA) Division of Behavioral and Social Research (BSR) through Interagency
Agreements (YA1323–08-CN-0020; Y1-AG-1005–01).
Availability of data and materials
The anonymised datasets are in the public domain: http://apps.who.int/
healthinfo/systems/surveydata/index.php/catalog/central
SAGE is committed to the public release of study instruments, protocols and
meta- and micro-data: access is provided upon completion of the Users
Agreement available through WHO’s SAGE website: www.who.int/healthinfo/
systems/sage
The questionnaires and other materials can be found at:
http://www.who.int/healthinfo/sage/cohorts/en/index2.html
Authors’ contributions
JSW conceived the study, developed the first and last draft and performed
the statistical analyses. FN and NN provided critical inputs and advised at all
stages of the manuscript. All authors read and approved the final draft.
Ethics approval and consent to participate
The SAGE study was approved by the Ethics Review Committee, World
Health Organization, Geneva, Switzerland and the individual ethics
committees in each of the SAGE countries. Written informed consent was
freely obtained from each individual participant. Confidential records of
participants’ consent are maintained by SAGE country teams.
Consent for publication
Not Applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Unit of Epidemiology and Global Health, Department of Public Health and
Clinical Medicine, Faculty of Medicine, Umeå University, SE-901 87 Umeå,
Sweden. 2Research Centre for Generational Health and Ageing, University of
Newcastle, Newcastle, Australia. 3Centre for Demographic and Ageing
Research, Umeå University, SE-901 87 Umeå, Sweden.

Page 12 of 13

Received: 28 October 2016 Accepted: 17 August 2017

References
1. Kowal P. China and India’s challenges: the other end of the spectrum.
Lancet. 2008;372(Correspondence):1459.
2. He W, Muenchrath MN, Kowal P. U.S. Census Bureau, Shades of Gray: A
Cross-Country Study of Health and Well-Being of the Older Populations in
SAGE Countries, 2007–2010. Washington: U.S. Government Printing Office;
2012. http://globalageing.org/u-s-census-bureau-and-who-releases-newreport-an-aging-world-2015/. Accessed 24 Aug 2017.
3. Beard JR, Bloom DE. Towards a comprehensive public health response to
population ageing. Lancet. 2015;385:658–61.
4. National Research Council. Aging in Asia: Findings from New and Emerging
Data Initiatives. Washington DC: The National Academies Press. Committee on
Population, Division of Behavioral and Social Sciences and Education; 2012.
5. Chatterji S, Kowal P, Mathurs C, Naidoo N, Verdes E, Smith JP, Suzman R. The
health of aging populations in China and India. Health Aff. 2008;27(4):1052–63.
6. Kowal P, Williams S, Jiang Y, Wu F, Arokiasamy P, Chatterji S. Aging, Health,
and Chronic Conditions in China and India: Results from the Multinational
Study on Global AGEing and Adult Health (SAGE). In: National Research
Council (US) Panel on Policy Research and Data Needs to Meet the
Challenge of Aging in Asia. Edited by JP Smith and M Majmundar.
Washington (DC): National Academies Press (US); 2012. pp. 415-37.
7. Bloom DE, Canning D, Hu L, Liu Y, Mahal A, Yip W. The contribution of
population health and demographic change to economic growth in China
and India. J Comp Econ. 2010;38(1):17–33.
8. National Research Council of the National Academies. Preparing for the
challenges of population aging in Asia: strengthening the scientific basis of
policy development. Washington DC: U.S. National Institute on Aging (NIA);
2011. p. 32.
9. Dey S, Nambiar D, Lakshmi JK, Sheikh K, Redd S. Health of the Elderly in
India: challenges of access and affordability. In: National Research Council
(US) Panel on Policy Research and Data Needs to Meet the Challenge of
Aging in Asia. Edited by J P Smith and M Majmundar. Washington (DC):
National Academies Press (US); 2012. pp. 371-86.
10. Abegunde DO, Mathers CD, Adam T, Ortegon M, Strong K. The burden and
costs of chronic diseases in low-income and middle-income countries.
Lancet. 2007;370:1929–38.
11. Banister J, Bloom DE, Rosenberg L. Population aging and economic growth
in China. Program on the global demography of aging. In: Working Paper
no 53. Cambridge: Harvard Center for Population and Development Studies,
Harvard University; 2010. p. 42.
12. Roy K, Chaudhuri A. Influence of socioeconomic status, wealth and financial
empowerment on gender differences in health and healthcare utilization in
later life: evidence from India. Soc Sci Med. 2008;66:1951–63.
13. Beard JR, Biggs S, Bloom DE, Fried LP, Hogan P, Kalache A, Olshansky SJ.
Global population ageing: Peril or promise? Geneva: World Economic
Forum; 2012. pp. 148.
14. Kumar K, Shukla A, Singh A, Rama F, Kowal P. Association between wealth
and health among older adults in rural China and India. J Econ Ageing.
2016;7:43–52.
15. Yang W, Kanavos P. The less healthy urban population: income-related
health inequality in China. BMC Public Health. 2012;12(804):15.
16. Cai F, Giles J, O’Keefe P, Wang D. The elderly and old age support in rural
China. Challenges and prospects. In: Directions in Development Human
Development. Edited by The World Bank. Washington DC: The International
Bank for Reconstruction and Development; 2012. pp. 170.
17. Jayachandran S. The roots of gender inequality in developing countries.
Ann Rev Econ. 2015;7:63–88.
18. Chanana HB, Talwar PP. Aging in india: its socioeconomic and health
implications. Asia Pac Popul J. 1987;2(3):23–38.
19. Bloom DE, Canning D, Fink G. Implications of population aging for
economic growth. In: Oxford Bureau of Economic Policy 26. Cambridge:
National Review of Economic Research; 2010. p. 36.
20. Arokiasamy P, Bloom D, Lee J, Feeney K, Ozolins M. Longitudinal Aging Study
in India: vision, design, implementation, and preliminary findings. In: National
Research Council (US) Panel on Policy Research and Data Needs to Meet the
Challenge of Aging in Asia. Edited by J P Smith and M Majmundar.
Washington (DC): National Academies Press (US); 2012. pp. 36-74.

Stewart Williams et al. BMC Geriatrics (2017) 17:197

21. Berkman LF, Sekher TV, Capistrant B, Zheng Y. Social networks, family, and
care giving among older adults in India. In: National Research Council (US)
Panel on Policy Research and Data Needs to Meet the Challenge of Aging
in Asia. Edited by J P Smith and M Majmundar. Washington (DC): National
Academies Press (US); 2012. pp. 261-78.
22. Strauss J, Hong H, Lei X, Li L, Park A, Yang L, Zhao Y. Healthcare and insurance
among the elderly in China: Evidence from the CHARLS pilot. In: National
Research Council (US) Panel on Policy Research and Data Needs to Meet the
Challenge of Aging in Asia. Edited by J P Smith and M Majmundar.
Washington (DC): National Academies Press (US); 2012. pp. 342-70.
23. Beard J, Officer A, Cassels A. World report on ageing and health. Geneva:
World Health Organization, 2015. http://www.who.int/ageing/publications/
world-report-2015/en/. Accessed 24 Aug 2017.
24. Yount K, Agree EM. Differences in disability among older women and men
in Egypt and Tunisia. Demography. 2005;42(1):169–87.
25. World Health Organization. International classification of functioning,
disability, and health. Geneva: WHO; 2001.
26. Officer A, Grace NE. Key concepts in disability. Lancet. 2009;374(9704):1795–6.
27. World Health Organization, The World Bank. World report on disability:
WHO; 2011. p. 350. http://www.who.int/disabilities/world_report/2011/en/.
Accessed 24 Aug 2017.
28. Hosseinpoor AR, Stewart Williams JA, Jann B, Kowal P, Officer A, Posarac A,
Chatterji S. Social determinants of sex differences in disability among older
adults: a multi-country decomposition analysis using the world health
survey. Int J Equity Health. 2012;11(52):8.
29. Hosseinpoor AR, Bergen N, Kostanjsek N, Kowal P, Officer A, Chatterji S.
Socio-demographic patterns of disability among older adult populations of
low-income and middle-income countries: results from world health survey.
Int J Publ Health. 2016;61:337-345. doi:10.1007/s00038-015-0742-3.
30. Santosa A, Schröders J, Vaezghasemi M, Ng N. Inequality in disability-free
life expectancies among older men and women in six countries with
developing economies. J Epidem Commun Health. 2016;70(9):855-61. doi:10.
1136/jech-2015-206640.
31. Kumar K, Singh A, Kumar S, Ram F, Singh A, Ram U, Negin J, Kowal PR. Socioeconomic differentials in impoverishment effects of out-of-pocket health
expenditure in China and India: evidence from WHO SAGE. Plos One. 2015;10(8):19.
32. Sicular T, Ximing Y, Gustafsson B, Shi L. The urban-rural income gap and
inequality in China. Rev Income Wealth. 2007;53(1):93–126.
33. Subramanian SV, Ackerson LK, Subramanyam MA, Sivaramakrishnan K.
Health inequalities in India: the axes of stratification. Brown J World Aff.
2008;14(2):127–38.
34. Wen M, Kaneda T. A multi-level analysis of urban/rural and socioeconomic
differences in functional health status transition among older Chinese. Soc
Sci Med. 2010;71(3):559–67.
35. World Health Organization. Closing the gap: policy into practice on social
determinants of health. World Conference on Social Determinants of Health.
Discussion paper. Rio de Janeiro: WHO; 2011. p. 56.
36. Marmot M. Global action on social determinants of health. Bull World
Health Organ. 2011;89:702.
37. Hosseinpoor AR, Stewart Williams J, Amin A, de Araujo Carvalho I, Beard J,
Boerma T, Kowal P, Naidoo N, Chatterji S. Social determinants of selfreported health in women and men: understanding the role of gender in
population health. PLoS One. 2012;7(4):9.
38. World Health Organization. Closing the health equity gap. Policy options
and opportunities for action: WHO; 2013. p. 62. http://apps.who.int/iris/
handle/10665/78335.
39. Hosseinpoor AR, Stewart Williams JA, Gautam J, Posarac A, Officer A,
Kostanjsek N, Chatterji S. Socioeconomic inequality in disability among
adults: a multi-country study using the world health survey. Am J Public
Health. 2013;103(7):1278–86.
40. Bloom DE, Cafiero ET, Jané-Llopis E, Abrahams-Gessel S, Bloom LR, Fathima S,
Feigl AB, Gaziano T, Mowafi M, Pandya A, Prettner K, Rosenberg L, Seligman B,
Stein AZ, Weinstein C. The Global Economic Burden of Noncommunicable
Diseases. Geneva: World Economic Forum; 2011.http://www3.weforum.org/
docs/WEF_Harvard_HE_GlobalEconomicBurdenNonCommunicableDiseases_
2011.pdf. Accessed 24 Aug 2017.
41. Naidoo N. WHO's Study on global AGEing and adult health (SAGE) Waves 0
and 1 sampling information for China, Ghana, India, Mexico, Russia and
South Africa. In: WHO Series: Working Paper Number 5. Edited by WHO.
Geneva: WHO SAGE; 2012. pp. 9. http://www.who.int/healthinfo/sage/
working_papers/en/. Accessed 24 Aug 2017.

Page 13 of 13

42. Kowal P, Chatterji S, Naidoo N, Biritwum R, Wu F. Data resource profile: the
World Health Organization study on global AGEing and adult health (SAGE).
Int J Epidemiol. 2012;41:1639–49.
43. Salomon JA, Mathers C, Chatterji S, Sadana R, Üstün TB. Quantifying
individual levels of health: definitions, concepts and measurement issues. In:
Health systems performance assessment debates, methods and
empiricisms. Edited by CJL Murray and DB Evans. Geneva: World Health
Organization; 2003. pp. 301-18.
44. Wilson M, Allen DD, Li JC. Improving measurement in health education and
health behaviour research using item response modeling: comparison with
the classical test theory approach. Health Educ Res. 2006;21(S1):i19–32.
45. Ferguson B, Murray CL, Tandon A, Gakidou E. Estimating permanent income
using asset and indicator variables. In: Health systems performance
assessment debates, methods and empiricism. Edited by CJL Murray and
DB Evans. Geneva: World Health Organization; 2003. pp. 747-60.
46. Wu F, Guo Y, Kowal P, Jiang Y, Yu M, Li X, Zheng Y, Xu J. Prevalence of
major chronic conditions among older Chinese adults: the study on global
AGEing and adult health (SAGE) Wave 1. Plos One. 2013;8(9):8.
47. Basu S, King AC. Disability and chronic disease among older adults in India:
detecting vulnerable populations through the WHO SAGE study. Am J
Epidemiol. 2013;9
48. Oaxaca RL, Ransom MR. On discrimination and the decomposition of wage
differentials. J Econ. 1994;61:5–21.
49. O'Donnell O, van Doorslaer E, Wagstaff A, Lindelow M. Explaining
differences beween groups: Oaxaca decomposition. In: Analyzing health
equity using household survey data. Edited by World Bank Institute.
Washington DC (United States): The World Bank; 2007. 147-57.
50. Jann B. The Blinder-Oaxaca decomposition for linear regression models.
Stata J. 2008;8(4):453–79.
51. Liu B, Li L, Yang C. Gender equality in China's economic transformation.
October 2014. UN Women. United Nations; 2015. pp. 39.
52. Bloom DE, Cafiero ET, McGovern ME, Prettner K, Stanciole A, Weiss J, Bakkila
S, Rosenberg L. The economic impact of non-communicable disease in
China and India: estimates, projections, and comparisons. In: NBER Working
Paper Series. Cambridge Massachusetts: National Bureau of Economic
Research; 2013. pp. 40.
53. Dollar D. Poverty, inequality, and social disparities during China's economic
reform. In: Policy Research Working Papers. Cambridge Massachusetts:
World Bank; 2007. pp. 28. http://documents.worldbank.org/curated/en/2007/
06/7716207/poverty-inequality-social-disparities-during-chinas-economicreform. Accessed 24 Aug 2017.
54. Ross CE, Masters RK, Hummer RA. Education and the gender gaps in health
and mortality. Demography. 2012;49(4):1157–83.
55. Lei X, Giles J, Hu Y, Park A, Strauss J, Zhao Y. Patterns and correlates of
intergenerational nontime transfers: evidence from CHARLS. In: National
Research Council (US) Panel on Policy Research and Data Needs to Meet
the Challenge of Aging in Asia. Edited by JP Smith and M Majmundar.
Washington (DC): National Academies Press (US); 2012. pp. 207-28.
56. Vellakkal S, Subramanian SV, Millett C, Basu S, Stuckler D, Ebrahim S.
Socioeconomic inequalities in non-communicable diseases prevalence in
India: disparities between self-reported diagnoses and standardized
measures. Plos One. 2013;8(9):12.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

