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Abstract
It has been well established that better educated individuals enjoy better
health and longevity. In theory, the educational gradients in health could
be flattening if diminishing returns to improved average education levels
and the influence of earlier population health interventions outweigh the
gradient-steepening effects of new medical and health technologies. This
paper documents how the gradients are evolving in China, a rapidly devel-
oping country, about which little is known on this topic. Based on recent
mortality data and nationally representative health surveys, we find large
and, in some cases, steepening educational gradients. We also find that
the gradients vary by cohort, gender and region. Further, we find that the
gradients can only partially be accounted for by economic factors. These
patterns highlight the double disadvantage of those with low education,
and suggest the importance of policy interventions that foster both aspects
of human capital for them.
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It has been extensively documented that those with better education generally
enjoy better health, a relationship often referred to as the education–health gra-
dient.1 Education may affect health and mortality through several mechanisms,
such as increasing the marginal productivity of health inputs, improving access
to and ability to process information, providing greater economic resources,
reducing stress, and interacting with healthier peers.2 It has also been noted
that the educational gradient in health evolves over time, but the direction is
unclear.3 For example, some studies suggest a widening gradient, but selective
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survival tends to compress gradients at older ages,4 limiting what can be deduced
about birth cohort gradients from observing the current elderly.
Compared with the rich body of literature for the developed countries, much

less is known about developing countries like China, where recent decades
have witnessed tremendous social transformations. Although a few studies
have reported the presence of an educational gradient in China, they are con-
cerned with the determinants of health in general.5 For the very few studies
that are exclusively designed to examine the education–health nexus, attention
has rarely been paid to its evolution.6 It has been unclear whether the educational
gradient in China has enlarged or narrowed over time, and why. Yet, answers to
these questions are of grave importance for the making of public policies that aim
to understand and close health gaps across socio-economic classes.
This study empirically examines the evolution of the educational gradient in

health in China. We explore a number of issues of policy relevance, including:
to what extent the educational gradient in health exists in contemporary
China; whether the gradient has evolved over time across birth cohorts and gen-
erations; whether the gradient is sensitive to the measure of health and
health-related behaviour used; what are the potential mediating mechanisms at
work; and whether the magnitude of the gradient differs among population
subgroups.
Our research strategies include presenting the visual trends of how the educa-

tion–health gradient evolves over time, and also exploring the mediating mechan-
isms of the gradient through regression analysis. Recent studies of the causal
pathways linking education and health tend to be based on “quasi-experimental”
designs (such as using compulsory schooling laws as a plausibly exogenous source
of variation),7 and have not examined the gradient in mortality in China. Our
strategy is complementary to that approach.8

Drawing from Shanghai mortality datasets (between 1990 and 2005) as well as
multiple nationally representative health surveys (between 1998 and 2010), we
show that large and, in some cases, steepening educational gradients in health
exist in contemporary China, the magnitude of which varies by gender, urban–
rural residency, and birth cohort. We also show that the educational gradient
can only be partially explained by socio-economic variables; the health effects of
education conditional on income are large and appear to be increasing. The
remaining portion of the gradient may point to the importance of other policies
in addition to those aiming to improve the economic status of the less advantaged.
The paper is structured as follows. We first provide a brief conceptual frame-

work for generating testable hypotheses about the educational gradient in health

4 Cutler, Deaton and Lleras-Muney 2006; Costa 2013.
5 Liang et al. 2000; Li et al. 2004; Banister and Zhang 2005; Yang, Wei, and Kanavos 2012; Lei et al.

2014.
6 Hu and Hibel 2013; Huang 2015.
7 Lleras-Muney 2005; Clark and Royer 2013; Huang 2015.
8 Mazumder 2008; 2012.
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and its evolution during rapid socio-economic development. We then discuss data
and empirical methods. A results section follows in which we report our key find-
ings. Finally, we discuss the limitations of our study and conclude.

Conceptual Framework, Background, and Hypothesis Development

Conceptual framework

The relationship between health and education, although varying across measures
of health and across metrics for education, exhibits in general a concave relation-
ship, captured in the schooling variant of the famous “Preston Curve.”9 Consider,
for example, Figure 1, which illustrates a curvilinear relation between schooling
and premature mortality (with survival to age 70 on the vertical axis). As shown
by the diamond-dotted curve entitled the “original gradient in survival,” when
average schooling of a birth cohort increases, a population moves up the
“Preston Curve”: the educational gradient, i.e. the slope of the curve, is less
steep when median schooling is 12 years than when it is four years. Thus, with a
constant technology of health production, we would predict a steeper educational
gradient in developing countries than in developed countries, with the gradient
becoming less steep as a country develops and its citizens attain more schooling.
However, successive birth cohorts are not only acquiring more schooling but

are also exposed to technological changes in the health production function.
Figure 1 illustrates two such technological changes: population health techno-
logical change and schooling-augmenting technological change. Population
health technologies refer to those that have played a central role in global health
improvements (such as clean water, sanitation and infectious disease control)
over the last century.10 For example, David Cutler and Grant Miller show the
critical importance of water sanitation for reducing urban mortality in the
early 20th century.11 Similar points about the importance of population health
technologies for early-phase health improvement were raised in the pioneering
research on nutrition and mortality of Robert Fogel,12 and were later summar-
ized by David Cutler, Angus Deaton and Adriana Lleras-Muney, and separately,
Dora Costa.13 A similar reduction in the steepness of the educational gradient
can also arise from a reduction in the price(s) of health input(s) (for example,
the price of accessing clean water), since such a price change spurs those of
lower schooling to begin buying health inputs that they previously could not
have afforded. As shown by the square-dotted curve in Figure 1, population

9 Preston 1975. Those with a higher socio-economic status live longer, but that at some point there must
be diminishing returns is implied by the fact that no one has managed to attain immortality through
life-long learning.

10 Rosen 1958; Preston 1975; 1980; Fogel and Costa 1997; Cutler and Miller 2005; Cutler, Deaton and
Lleras-Muney 2006; Miller 2008; Jayachandran, Lleras-Muney and Smith 2010; Costa 2013.

11 Cutler and Miller 2005.
12 Fogel and Costa 1997.
13 Cutler, Deaton and Lleras-Muney 2006; Costa 2013.
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health technological change disproportionately raises survival among those with
low schooling, making the educational gradient less steep for a given schooling
level.
By contrast, the epidemiologic transition towards chronic diseases, with com-

plex treatment regimens that may advantage those with better education, points
to the growing importance of the second type of technological change –

schooling-augmenting technological change – in shaping educational gradients
in middle- and high-income countries.14 Research on the educational gradient
in chronic disease management, for example, suggests that those with greater
schooling might be better able to increase their survival by navigating the com-
plicated treatment regimens required for diseases like diabetes.15 Such
schooling-augmenting technological change, shown by the triangle-dotted line
in Figure 1, would disproportionately raise the survival of those with higher edu-
cation levels, making the educational gradient steeper.16

The Chinese context and hypotheses

During the lifetime of China’s current elderly, the country has moved rapidly up
the Preston curve in terms of both life expectancy and average schooling years,
with great changes during the Mao era (when life expectancy increased from
below 40 to about 65, with convergence towards high-income countries by the

Figure 1: Educational Gradient in Health with Different Technological Changes in
Health Production

14 Cutler, Deaton and Lleras-Muney 2006; Costa 2013.
15 Goldman and Smith 2002; 2015.
16 Technological change that reduces treatment complexity (e.g. for HIV/AIDS) would have the opposite

impact though, because it would reduce the cost of effective treatment for a given level of schooling.
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21st century, over 72 for men and 76 for women). China’s health improvement
during the 1950s and 1960s has been compared to those achieved in the US
and many other high-income countries in the early 20th century.17 Further stud-
ies on height suggest continuous improvement for China’s later birth cohorts
from 1980 onwards.18 For example, evidence from national surveys of children’s
health shows that the national mean height for 17-year-old rural males increased
from 164.4 cm in 1979 to 169.7 cm in 2005.19 That is to say, roughly speaking, a
17-year-old rural Chinese boy born in the late 1980s was 5.3 cm taller than his
counterpart born in the earlier 1960s. The significant and relatively fast improve-
ments suggest that China experienced in a shorter period the “technophysio evo-
lution” that has been documented in the West over the past century.20

The dramatic health improvement between 1950 and 1980 has been linked to
China’s increases in educational attainment during that period.21 Indeed,
between 1950 and 1980, large expansions of education increased the average
years of schooling for Chinese adults (aged 15 and older) from 1.61 to 5.31
years, and 5.22 to 7.82 years for those aged 15–19 years old.22 Then, in the
early 1990s, the Chinese government began to universalize nine-year compulsory
education, and in the late 1990s, it significantly expanded the higher education
system. After 2000, new efforts were made to provide free compulsory education
with universal financial aid provided to students enrolled in secondary vocational
schools. By 2010, primary education in China was virtually universal, 82.5 per
cent of the relevant age cohorts were enrolled in upper secondary schools, and
the enrolment in higher education reached 26.5 per cent.23 The average years
of education for individuals aged above 15 in 2010 increased to 7.95, and reached
10.23 for those aged 15–19.24

While China has achieved great improvements in both education and health, to
what extent the education–health gradient has evolved in contemporary China
has only received sporadic attention. Based on China’s 2000 census, it has
been reported that, controlling for demographic differences, GDP per capita
and other factors, a one standard deviation increase in average years of schooling
was associated with an increase of 0.38 standard deviations (about 1.4 years) in
life expectancy.25 The analysis undertaken by Li Shuzhuo et al. of the 2000

17 Salaff 1973.
18 Morgan 2000; 2014; Liu, Fang and Zhao 2013.
19 Morgan 2014.
20 Fogel and Costa 1997.
21 Barbiarz et al. 2014.
22 See Barro-Lee Educational Attainment Dataset, http://www.barrolee.com/data/BL_v2.1/China_revised_

v2.1.xlsx. Accessed 10 Feburary 2016. The quite low level of years of schooling in China by 1950 does
not necessarily imply that the level of Chinese human capital had been low. Rather, it has been shown
that, despite low living standards, in the early 20th century at least some parts of China (such as the
lower-Yangtze provinces) had, by world standards, relatively high levels of numeracy and functional lit-
eracy. See Baten at al. 2010 for more detail.

23 Gov.cn. 2011. “The national educational development in 2010,” 31 October, http://www.gov.cn/test/
2011-10/31/content_1982280.htm. Accessed 6 May 2014.

24 Barro-Lee Educational Attainment Dataset.
25 Cai 2005; 2009.
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census shows that Chinese men and women of the 1940 birth cohort (i.e. at age
60) with a college education were expected to live, respectively, 6.5 years and 7.6
years longer than their counterparts with no formal schooling; in comparison, the
1985 birth cohort (i.e. at age 15) who would go on to get a college education were
expected to live 12.5 years longer than those with no formal schooling. Their
comparative analysis of China’s 1990 and 2000 censuses shows that the
age-standardized mortality ratio between those with no formal schooling and
the college-educated had increased from 2.96 times to 3.4 times during the dec-
ade. A closer examination reveals that such a change varied by gender: for
men, the ratio increased significantly from 3.3 times in 1990 to 4.4 times in
2000, whereas for women, the ratio increased slightly from 3 to 3.2 times.26

It remains unclear how China’s education–health gradients have been evolving
since 2000 and how those trends differ by birth cohorts. Because China is still at
the lower part of the concave Preston curve compared with the US, one might
expect China to have a steeper educational gradient in health than that of the
US. One might also expect that China’s educational gradient would be getting
less steep over time if dominated by (1) movement up the Preston curve with
increases in schooling, and/or (2) the life-long impacts of early public health
investments (made during the period of youth of today’s middle-aged and elderly
Chinese) that disproportionately increased the health of those with low schooling.
By contrast, one might predict that the educational gradient in health and sur-

vival would be steep and getting steeper in China for a variety of reasons. The
schooling-augmenting technological change that prevails in contemporary high-
income countries may also be at work in China. The lasting impacts of exposures
in utero and in childhood would also increase the likelihood of chronic disease in
old age.27 Contemporary China may also exhibit a steeper gradient with greater
returns to schooling in terms of both survival and earnings, which would imply
that later birth cohorts have a greater incentive to invest in schooling as China
transitions from a “brawn-based economy” to a “brain-based economy.”28

That such a dynamic may be at work in contemporary China is suggested by
the temptations for rural youth to forgo schooling beyond the compulsory
schooling level (or even to evade the latter requirement) to undertake lucrative
brawn-based jobs in China’s cities.
This study aims to provide evidence about the net effect of these contrasting

forces in China and to document how the educational gradient in health and sur-
vival has evolved recently. In our analysis, we also pay attention to the

26 Li et al. 2004.
27 Barker et al. 1989; Barker, Bull and Osmond 1990; Fogel 2004. Deaton (2006, 109) notes: “Middle-aged

and elderly Chinese who are currently alive are the survivors of a period in which nutritional and other
insults killed 20% of their contemporaries in their first year of life. Although they survived, many of
them experienced the same insults as those who died, albeit in less severe form, and so will suffer
from a particularly high burden of chronic disease in later life (p. 91).” If education was even slightly
protective in youth and in adult health compensatory investments, then the high burden of chronic dis-
ease among today’s less-educated elderly will reveal a steep gradient.

28 Costa 2013.
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heterogeneity of the educational gradient in health among different sub-groups of
the population since, as previous research suggests, the educational gradient may
have different patterns by gender and age. The pattern can also appear different
for rural and urban residents. For example, there is evidence that low educational
attainment is significantly associated with undiagnosed hypertension only for
rural men.29 While the specific mechanism behind these differences is beyond
the scope of our study and merits investigation by further research, our docu-
menting such heterogeneity may help policymakers identify the most disadvan-
taged and design appropriate policies.

Methodology and Data

The Shanghai mortality database

We first analyse the trend of the educational gradient in mortality between 1991
and 2005. Unfortunately, longitudinal national mortality data stratified by age/
gender/education are not available, and interpretation of the national mortality
trends is complicated by the Chinese death statistics being incomplete or inaccur-
ate.30 Dictated by data availability and reliability, our analysis focuses on the
Shanghai mortality database. Recent research has shown that China has seen
changing mortality patterns since 1990 and suggests that Shanghai is leading
the way in this transition.31 The education–mortality gradient in Shanghai may
help us to understand how the gradient will evolve in China’s other areas in
the future.
Taking into account that the influx of migrant workers in recent years has con-

siderably changed the age and educational structure of the Shanghai population,
we limit our sample to permanent residents with a Shanghai hukou户口. We also
limit our sample to those aged 25–64 for data consistency.32 We obtain the
age-sex-education-specific number of deaths (i.e. the numerator of mortality
stratified by age, sex and education) in 1991, 1995, 2000 and 2005 from the
Shanghai vital registration system.33 Vital registration in Shanghai started as
early as the 1950s. A nationwide vital registration system was established in
1987 by the Ministry of Health. When a death is reported, the local vital registra-
tion office fills in the death certificate, based on which the local centre for disease
control (CDC) codes the cause of death. The coding is based on the Ninth
Revision of the International Classification of Diseases (ICD-9) for the period
1991–2001 and the Tenth Revision of the International Classification of

29 Lei et al. 2014.
30 Rao et al. 2005.
31 Zhou et al. 2016.
32 We restrict to this age range because data on population by level of educational attainment for detailed

age groups were not available for people aged 65 and older.
33 We use the death statistics of 1991 to proxy for those of 1990. This is because, prior to 1991, annual

mortality data in the vital registration system were aggregated by sex, age and cause; mortality data
at the individual level (which allow for more detailed analysis) were not available until 1991.
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Diseases (ICD-10) for the period 2002–2005. The data reliability has been shown
to be high.34

The estimation of the age-sex-education-specific population (i.e. the popula-
tion denominator of mortality stratified by age, sex and education) is more
complex. We conduct the estimation in three steps. First, we obtain the age-
sex-specific population data over time from the Shanghai household registration
system. Because data from this source are not stratified by education, we then in
the second step obtain the distribution of education from four alternative datasets
as proxies. These four datasets include the 1990 and 2000 Shanghai censuses and
the 1995 and 2005 Shanghai 1 per cent population sample surveys. (See data
appendix for more detailed references.) In the last step, we estimate the
age-education-sex-specific population denominator for mortality by multiplying
the population in each age-sex group (obtained from the first step) by the distri-
bution of education for each age-sex group (obtained from the second step).
One technical issue arises here: although the population data stratified by edu-

cation are separated between those with a Shanghai hukou and those without (i.e.
migrants) in the 2000 census and the 2005 population sample survey, the data for
the two groups were not reported separately in the 1990 census and the 1995
population sample survey. For most age groups, such a data issue should not ser-
iously bias our estimation, since the share of migrants in the total population of
Shanghai was low during the early to mid-1990s. For instance, the share was only
4.5 per cent in 1992.35 Therefore, our “direct” estimation method is to use the
1990 and 1995 education data which did not exclude migrants to proxy the edu-
cation distribution of Shanghai residents with hukou in these two years.
Admittedly, since most migrants were young adults (aged 25–44) with low educa-
tion, we would have overestimated the actual population of the low-educated
young residents with a Shanghai hukou in 1990 and 1995 (which is the denomin-
ator). Consequently, we would have underestimated the actual mortality rates in
1990 and 1995 for the low-educated young residents with a Shanghai hukou.
As a sensitivity analysis, we alternatively apply the cohort-component

method.36 In this “indirect” method, we assume the distribution of education
for the same birth cohort to be constant over time, and use the distribution of
education for each age-sex group in the 2000 census – in which migrants and non-
migrants are separated – to proxy for corresponding figures in 1990 and 1995.
For example, we assume that the share of low-educated individuals aged 30–34
years in 1995 was equal to the share of low-educated individuals aged 35–39
years in 2000. Because people with low education tend to have higher mortality
(higher probability of dying early), this method would have underestimated the
actual proportion of those with low education in 1990 and 1995 (which is,

34 See Yang, Gonghuan, et al. 2005; Zhao, Jiaying, et al. 2015; Lin et al. 2001 for details.
35 Shanghai Municipal Statistical Bureau 1983–2011.
36 Smith, S.K., Tayman and Swanson 2001.
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again, the denominator). Correspondingly, this method would have overestimated
the actual mortality rates for those with low levels of educational attainment.
We report both of our results below using, respectively, the “direct” and the

“indirect” methods. The overall differences appear to be small except for those
aged 25–44 years with low education. We believe that the actual mortality
rates in 1990 and in 1995 for this specific group fall in between the estimates
using the two methods, although we urge caution in interpreting the results.
To smooth out any yearly fluctuations, we apply a weighted average strategy to

calculate the population denominator for the mortality rate stratified by age, gen-
der, and education. Specifically, we assign a 50 per cent weight on the year under
investigation (for example, 1995), a 25 per cent weight on the preceding year (for
example, 1994), and a 25 per cent weight on the next year (for example, 1996).37

In addition, to facilitate comparison across time and age groups, we standardize
the mortality rates by multiplying the World Health Organization’s (WHO)
world standard population by the observed Shanghai age-education-sex-specific
death rates.38

Nationally representative surveys

As a complement to our visual presentation of the trends in the Shanghai educa-
tion–mortality gradient, we also applied regression analysis to explore the recent
evolution of the gradients in morbidity and health behaviour further. Theoretical
and empirical research on the educational gradient in health shows that causality
runs both from schooling to health and vice versa, with part of the correlation
explained by other components of socio-economic status such as income.39 A
recent growing literature uses compulsory school laws as an instrument to address
the issue of causality.40 In general, studies using this approach conclude that the
link between education and health is causal. However, the validity of this method
has been challenged. For example, it has been pointed out that it is not always
robust to controls for state-specific cohort trends.41

Cutler and Lleras-Muney use a two-step regression process to explore the path-
ways between education and health behaviour.42 This approach has been recog-
nized as a worthwhile complement to research on the education–health gradient
based on “quasi-experimental” designs.43 In the first step, they regress health on
education while controlling for basic variables (such as parental traits and health
endowments at birth) that “determine education but cannot be affected by it.” If
such variables were exhaustively controlled for, the estimated coefficient of

37 As a robustness test, we also did our estimation without applying the weighted average strategy. The
results are quite similar.

38 Ahmad et al. 2001.
39 Grossman 1972; Preston 1975; Fuchs 1982; Deaton 2006; Cutler, Deaton and Lleras-Muney 2006.
40 Lleras-Muney 2005; Clark and Royer 2013; Huang 2015.
41 Mazumder 2008; 2012.
42 Cutler and Lleras-Muney 2010.
43 Mazumder 2012.
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education on health and health behaviour, according to the authors, “could be
thought of as causal.”44 In the second step, they test the potential pathways of
the education–health link by adding to the basic regression a set of potential
explanatory variables (such as income and cognitive ability) and observing the
reduction in the estimated education coefficient on health. Naturally, this
approach suffers from endogeneity issues and is “not set in a causal framework.”
Yet, adding the variables in the second step could be considered “a sensitive
test,”45 helping to sort out “which potential pathways may be of first-order
importance.”46 Based on multiple survey datasets in the US and UK, Cutler
and Lleras-Muney show that income, health insurance, family background,
knowledge, cognitive ability and social networks can explain a majority of the
educational gradient in health.
Largely following their study, we estimate the effect of education on health in

the following models:

Hi = a0 + a1∗Educationi + a2Xi + 1i (1)

Hi = b0 + b1∗Educationi + b2Xi + b3Zi + 1i (2)

where Hi is a health/morbidity/health behaviour indicator of individual i;
Educationi is measured either by schooling years or as a dummy for whether indi-
vidual i has secondary or above education; Xi includes basic demographic factors
such as age, gender, and ethnicity; Zi denotes additional socio-economic controls
such as household income, marital status, family size, health insurance coverage,
rural/urban residence, and province. For some analyses, Zi also includes parental
characteristics (their ages and education and whether they are still alive), the level
of social integration (frequencies of communicating with neighbours/friends and
attending community events), personal well-being (such as depression, attitude
towards difficulty), and current and future life satisfaction and forward planning.
Beyond the Cutler and Lleras-Muney paper, our study introduces two add-

itional research dimensions: the time trend and the gender and regional (rural/
urban) heterogeneities.47 By using cross-sectional data collected at different
time points, we are able to quantify the recent trend of the education–health gra-
dients in China. We also explore to what extent the educational gradient differs
among gender and rural/urban population subgroups.
Our analysis marshals data from two nationally representative surveys, includ-

ing the 1998 and 2008 waves of the China National Health Services Survey
(NHSS) and the 2010 wave of the Chinese Family Panel Study (CFPS). The
data appendix discusses the surveys in more detail. We restrict our samples to
individuals aged 25 and above to capture completed educational attainment.

44 Cutler and Lleras-Muney 2010, 3.
45 Ibid., 7.
46 Mazumder 2012, 292.
47 Cutler and Lleras-Muney 2010.
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Empirical Results

Educational gradient in mortality: evidence from Shanghai (1991–2005)

Figure 2 shows the results from Shanghai between 1991 and 2005. First of all, the
educational gradient in mortality is substantial: for all years, those with primary
or lower schooling had a much higher mortality rate (two- to four-fold, varying
by age and sex) than their counterparts with high school education. Further, in
general, the gradient has been increasing over the 14-year period, primarily
because those with high education enjoyed a clear trend of improving survival,
whereas the trend is less clear for those with lower education.48 Also, the gradient
is greater for men than women in most cases.
For those aged 25–44, the gradient is in general steeper than for the older age

cohort. Also, the gradient increases between 1991 and 2000.49 However, for those
aged 25–44, the 2000–2005 period suggests a closing of Shanghai’s mortality gap
by schooling level. For example, in 2000, the mortality rate of below-median edu-
cated young men was about 12 times that of above-median educated young men
(25–44); in 2005, the gap was down to about seven times.50 However, since mor-
tality is low among these prime-age adults, the substantial reduction in their mor-
tality accounts for only a small portion of overall mortality and its gradient.
Among the population aged 45–64, the educational gradient in mortality

increases over the 14-year period (i.e. for later birth cohorts), including the
most recent five-year period. For example, in 1991, the ratio of mortality for
men with only a primary school education to those with a high school education
was 2.2; the ratio then increased to 2.8 in 2000 and 3.4 in 2005. The correspond-
ing figures for women show a similar increasing trend, but to a lesser degree.
However, for a given birth cohort, the gradient narrows as they age. Consider the

cohort born in the 1950s (the first decade of People’s Republic of China) – the bene-
ficiaries of large improvements in nutrition, public health and educational

48 For example, the mortality of males (aged 45–64) with low education appears to be higher in 2005 than
in 2000.

49 That the mortality of young men (aged 25–44) with primary or lower education appears to be a lot
higher in 2000 than in 1995 is unlikely to be only or even primarily an artefact of the data underestimat-
ing the mortality rate in the earlier years, since it is consistent between both the direct and indirect esti-
mation methods; the temporary mortality increase may reflect adjustment of this group to the economic
transformations China underwent in the 1990s (with the leading cause of death being injuries for this
group).

50 In comparison, Crimmins and Saito (2001) show that mortality rates for white men with primary school
education were about two times those of white men with college education in both 1960 and 1979–89;
for black men and women, the age-specific mortality rate among those with primary school education
was about three times that of those with some high school and above. This reduction can be compared to
the narrowing educational gap in mortality among black men in the US aged 25–44 between 1990 and
2000, which was driven by changes in deaths from unintentional injuries and heart disease (Meara,
Richards and Cutler 2008, 355). Unfortunately, trends in causes of death by educational attainment
are not available for Shanghai, but trauma and cardiovascular diseases are also the leading causes of
death among young adults in China (China Statistical Yearbook 2011).
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investments.51Theywere inyoungadulthood (the 25–44age group) in1991, and then
middle-aged (the 45–64 age group) by 2005.Our analysis of the Shanghai vital statis-
tics reveals that, conditional on survival to the period of this study, the 1950s’ birth

Figure 2: Trends of Standardized Death Rates (SDR) in Shanghai by Age, Sex and
Education, 1991–2005

51 Although there was the Great Leap Famine of 1959–1961, its consequences for people in large cities
such as Shanghai and Beijing were relatively minor. They were largely protected from the severe
shortages that inflicted places such as rural Anhui.
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cohort experienced a declining educational gradient inmortality: the ratio ofmortal-
ity for men with only a primary school education to those with a high school educa-
tion declined 20.9 per cent, from4.3 in 1991 (young adulthood) to 3.4 in 2005 (middle
age); the ratiodeclined45.9per cent forwomen, from3.7 in1991 to2.0 in2005.Given

Figure 2: (continued)

Sources:
For registered deaths (the mortality numerator), the Shanghai vital registration system; for reference population (the mortality

denominator), Population Census of Shanghai 1990 and 2000; 1 per cent Population Sample Survey of Shanghai 1995 and 2005.
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that we might have underestimated the mortality for those low-educated individuals
in 1991 aged 25–44, the decline could have been even more significant. This narrow-
ing of themortality gapwith agemay reflect not only selective survival and changing
causes of death (for example, from injury among young adults to chronic disease
among the elderly) but also the impacts of public health interventions (i.e.
population-health technologies) and movement “up the Preston curve” in their life-
times, both changes associated with a flattening gradient.

Educational gradient in morbidity and health behaviour: evidence from national
surveys, 1998–2010

We report in Table 1 the results from the NHSS data over the 1998–2008 decade.
We measure the educational gradient in health by the estimated coefficients on the
indicator variable for attaining a junior high school (secondary school) education or
above – approximately the median level of education for the full sample. With only
basic demographic controls, clear gradients exist for all the health variables, with
better educational attainment associated with better self-assessed health (SAH),
lower likelihood of illness in the past two weeks, smoking (currently or ever), or
being a heavy drinker; and higher likelihood of engaging in physical exercise.
Income and other economic controls such as rural residence and locality fixed

effects play important roles in explaining the educational gradients in health. For
example, as reported in the last column of Table 1, income and other controls
account for about one-third of the educational gradient in the likelihoods of
smoking and drinking, and account for even more of the gradient in the likeli-
hood of engaging in physical exercise.
Nevertheless, educational gradients in health persist after controlling for these

confounders: having above-median education is still associated with a 15–17 per-
centage point decrease in the likelihood of being a current smoker. Given an aver-
age smoking rate of 30 per cent, it suggests a large remaining association of
education with smoking: those having above-median education are only half as
likely to smoke as their below-median education counterparts.
The correlation of having above-median education with higher likelihood of being

diagnosed with chronic diseases can be explained by better-educated individuals
receiving more screening for chronic diseases. After controlling for confounders
such as rural residence, insurance coverage and locality, the correlation between edu-
cation and diagnosed chronic disease reversed to be negative: having above-median
education is associated with a lower rate of diagnosed chronic diseases.52

52 We do not find evidence of an educational gradient in treatment for hypertension conditional on diag-
nosis (data not shown) after controlling for other economic controls – results that are consistent with
those on other datasets such as the China Health and Nutrition Survey (CHNS) (Lei, Yin and Zhao
2012) and the China Health and Retirement Longitudinal Study (CHARLS) (Lei et al. 2014). The
CHNS uses a multistage, random cluster process to draw a sample of about 7,200 households with
over 30,000 individuals. It is an ongoing project with the first wave being conducted in 1989.
Although not designed to be nationally representative, CHNS has been widely used to examine
the socio-economic changes in China. For more details, see Popkin et al. 2009 or visit the official
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Table 1: Educational Gradient in Health (NHSS 1998, 2008)

Year Obs Mean Coefficients on indicator for having junior middle education or above (b)

Basic demographic
controls

Adding income Adding income and other
economic controls

b b Reduction in b b Reduction in b
Self-assessed health status

2008 124,275 0.84 0.418*** 0.301*** 27.99% 0.279*** 7.31%
(0.0208) (0.0216) (0.0234)

1998 133,703 0.55 0.307*** 0.261*** 14.98% 0.236*** 9.58%
(0.0142) (0.0151) (0.0267)

Felt ill within last 2 weeks
2008 124,431 0.22 −0.096*** −0.085*** 11.52% −0.182*** −115.38%

(0.017) (0.0173) (0.0195)
1998 132,723 0.17 0.0807*** 0.112*** −38.79% −0.098*** 187.05%

(0.0176) (0.0187) (0.0345)
Have diagnosed chronic disease

2008 124,777 0.22 0.070*** 0.063*** 10.20% −0.126*** 301.60%
(0.0174) (0.0178) (0.0201)

1998 133,703 0.19 0.265*** 0.257*** 3.02% −0.074** 128.95%
(0.0175) (0.0182) (0.0347)

Current smoker
2008 124,061 0.28 −0.284*** −0.270*** 4.93% −0.169*** 37.41%

(0.0173) (0.0177) (0.0197)
1998 133,635 0.33 −0.268*** −0.224*** 16.42% −0.145*** 35.27%

(0.016) (0.0171) (0.0321)

Continued

The
EducationalG

radientin
Health

in
China

303

https://doi.org/10.1017/S0305741017000613 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0305741017000613


Table 1: Continued

Year Obs Mean Coefficients on indicator for having junior middle education or above (b)

Basic demographic
controls

Adding income Adding income and other
economic controls

b b Reduction in b b Reduction in b
Current alcohol drinker (> once

weekly)
2008 122,529 0.14 −0.176*** −0.207*** −17.61% −0.142*** 31.40%

(0.0195) (0.0199) (0.0226)
1998 132,857 0.19 −0.113*** −0.110*** 2.65% 0.002 101.61%

(0.017) (0.0176) (0.0343)
Exercise

2010 18,793 0.25 1.516*** 1.339*** 11.68% 0.730*** 45.48%
(0.0449) (0.0469) (0.0519)

2008 122,770 0.21 1.914*** 1.737*** 9.25% 0.629*** 63.79%
(0.0228) (0.0238) (0.027)

Obese (BMI>=28)†

2010 18,246 0.06 0.240*** 0.199*** 17.08% −0.167** 183.92%
(0.0676) (0.0697) (0.0826)

Hypertension
2008 68,915 0.19 0.113*** 0.094*** 17.17% −0.081*** 186.97%

(0.0234) (0.024) (0.0282)

Notes:
Demographic controls include age, gender, and ethnicity (for 2008). Economic controls include household income, family size, marital status, working status, whether covered by social health insurance, rural/urban hukou.

*** indicates statistically significant at the 1% level; ** indicates statistically significant at the 5% level. †Our cut-offs for overweight and obesity (BMI 24/28) are Chinese cut-offs from the Working Group on Obesity in China
and not the World Health Organization cut-offs (BMI 25/30).
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The time trend of the educational gradient in health between 1998 and 2008
differs by health measure used but, in general, the gradient did not decrease
and, in many cases, it became steeper. For example, controlling for income
and other economic factors, those having junior middle education or above in
2008 enjoyed a lower likelihood of feeling ill in the past two weeks than in
1998, compared to their less-educated counterparts.
Table 2 shows the results from the CFPS 2010 data. The educational gradient

in health is indicated by the estimated coefficients on years of schooling. Again,
the regressions controlling for basic demographic characteristics reveal a signifi-
cant educational gradient for most health measures. For instance, an additional
year of schooling is correlated with better SAH, higher likelihood of engaging in
physical exercise, lower likelihood of smoking and drinking, and lower likelihood
of reporting illness in the past two weeks.
Income accounts for a wide range, from 5 per cent (smoking) to over 50 per

cent (SAH), of the raw educational gradient, possibly reflecting that the educa-
tional gradient responds differently to income for different health measures.
Other economic variables are also important, consistent with the research that
finds that urban/rural and regional differences play an important role in
China.53 Income and other economic variables account for 10–18 per cent of
the educational gradient in smoking and close to 50 per cent of the gradient in
exercise. The raw positive correlation with having a diagnosed chronic disease
reverses to be negative once comprehensive economic controls are included, con-
sistent with the finding shown in Table 1 using the NHSS data. The positive edu-
cational gradient for obesity is also significantly explained by income and
additional controls. The inclusion of other economic controls actually strength-
ens the educational gradient in SAH and morbidity within the past two weeks.
The last two columns of Table 2 report the educational gradient when controlling
for parental education. When the parents’ education is considered, there is no
longer a gradient in SAH or chronic disease. However, the gradients remain
for physical exercise and are even stronger for smoking and drinking.
Further following Cutler and Lleras-Muney, in Table 3, we introduce add-

itional measures of social integration, personality, and current/future life satisfac-
tion and future planning. These characteristics do appear to explain some of the
educational gradient, the magnitude of which, again, depends on the health
measure examined. For example, the additional inclusion of social integration
reduces the estimated correlation between SAH and years of schooling by

footnote continued

website: http://www.cpc.unc.edu/projects/china. The CHARLS collects nationally representative sam-
ples of Chinese residents aged 45 and older and their spouses. Designed as a biennial survey, the baseline
survey was fielded in June 2011 and March 2012 and wave 2 in 2013. It examines social, economic and
health status in the context of China’s rapid ageing. For more details, see Zhao, Yaohui, et al. 2014 or
visit the official website: http://charls.ccer.edu.cn/en.

53 Smith, James, Tian and Zhao 2013.
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Table 2: Educational Gradient in Health (2010 CFPS)

Obs Year
mean

Coefficients on years of schooling (b)

Basic demographic
controls

Adding income Adding income and other
economic controls

Adding parental
education

b b Reduction in
b

b Reduction in
b

b Reduction in
b

Self-assessed health
status

18,786 0.437 0.0163*** 0.00753* 54% 0.0188*** −15.34% 0.00722 56%

(0.00379) (0.00402) (0.00469) (0.00767)
Felt ill within 2 weeks 18,786 0.275 −0.0143*** −0.00711 50% −0.0148*** −3.50% −0.0109 24%

(0.00419) (0.00443) (0.00507) (0.00907)
Have diagnosed

chronic disease
18,783 0.154 0.0238*** 0.0254*** −7% 0.00671 71.81% 0.00851 64%

(0.00521) (0.00551) (0.00634) (0.013)
Overweight 18,246 0.301 0.0481*** 0.0404*** 16% 0.0011 97.71% 0.0159* 67%
(BMI>=24) (0.00393) (0.00413) (0.00505) (0.00829)
Obese† 18,246 0.058 0.193*** 0.172*** 11% 0.0964*** 50.05% 0.154*** 20%
(BMI>=28) (0.00517) (0.00559) (0.0062) (0.0104)
Current smoker 18,787 0.315 −0.0491*** −0.0466*** 5% −0.0405*** 17.52% −0.0614*** −25%

(0.00481) (0.0051) (0.00591) (0.0109)
Ever smoked 18,787 0.382 −0.0367*** −0.0349*** 5% −0.0329*** 10.35% −0.0425*** −16%

(0.00519) (0.00542) (0.00634) (0.0114)
Heavy drinker 18,787 0.315 −0.0491*** −0.0466*** 5% −0.0405*** 17.52% −0.0614*** −25%
(>3 times weekly) (0.00481) (0.0051) (0.00591) (0.0109)
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Table 2: Continued

Obs Year
mean

Coefficients on years of schooling (b)

Basic demographic
controls

Adding income Adding income and other
economic controls

Adding parental
education

b b Reduction in
b

b Reduction in
b

b Reduction in
b

Exercise 18,793 0.252 0.193*** 0.172*** 11% 0.0964*** 50.05% 0.154*** 20%
(0.00517) (0.00559) (0.0062) (0.0104)

Notes:
Demographic controls include age and gender. Economic controls include household income, family size, marital status, working status, whether covered by social health insurance, rural/urban hukou. *** indicates stat-

istically significant at the 1% level; ** indicates statistically significant at the 5% level. †Our cut-offs for overweight and obesity (BMI 24/28) are Chinese cut-offs from the Working Group on Obesity in China and not the World
Health Organization cut-offs (BMI 25/30).
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Table 3: Educational Gradient in Health (CFPS 2010)

Coefficients on years of schooling (b)

Addition to demographic and economic controls

Basic
demographic

control

Adding income and
other economic controls

Social integration Personality Current and future life
satisfaction and future

planning

b b Reduction
in b

b Reduction
in b

b Reduction
in b

b Reduction
in b

Self-assessed health
status

0.0163*** 0.0188*** −15% 0.0125*** 34% 0.00164 91% −0.0139 174%

(0.0036) (0.0046) (0.0047) (0.0048) (0.0198)
Felt ill within 2

weeks
−0.0143*** −0.0148*** −4% −0.0137*** 7% −0.00509 66% −0.0201 −36%

(0.0040) (0.0050) (0.0051) (0.0054) (0.0245)
Have diagnosed

chronic disease
0.0238*** 0.00671 72% 0.00521 22% 0.0109* −62% 0.0145** −116%

(0.0050) (0.0062) (0.0063) (0.0063) (0.0066)
Overweight

(BMI>=24)
0.0481*** 0.0011 98% −0.00121 210% −0.0031 382% 0.0199 −1709%

(0.0038) (0.0050) (0.0050) (0.0052) (0.0216)
Obese (BMI>=28) 0.0343*** −0.0149 143% −0.0186* −25% −0.0122 18% −0.0293 −97%

(0.0072) (0.0098) (0.0099) (0.0102) (0.0434)
Current smoker −0.0491*** −0.0405*** 18% −0.0392*** 3% −0.0404*** 0% −0.0414*** −2%

(0.0048) (0.0059) (0.0060) (0.0059) (0.0062)
Ever smoked −0.0367*** −0.0329*** 10% −0.0319*** 3% −0.0335*** −2% −0.0609** −85%

(0.0051) (0.0063) (0.0064) (0.0066) (0.0267)
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Table 3: Continued

Coefficients on years of schooling (b)

Addition to demographic and economic controls

Basic
demographic

control

Adding income and
other economic controls

Social integration Personality Current and future life
satisfaction and future

planning

b b Reduction
in b

b Reduction
in b

b Reduction
in b

b Reduction
in b

Current heavy
drinker(>3 times
weekly)

−0.0491*** −0.0405*** 18% −0.0392*** 3% −0.0414*** −2% −0.0847*** −109%

(0.0048) (0.0059) (0.0060) (0.0062) (0.0258)
Exercise 0.193*** 0.0964*** 50% 0.0886*** 8% 0.0836*** 13% 0.0800*** 17%

(0.0048) (0.0059) (0.0060) (0.0061) (0.0209)

Findings of Cutler and Lleras-Muney (2010, Table 6, 15–16) based on data from the National Survey of Midlife Development in the United States (MIDUS) for US
whites aged 25–74, 1995–1996

Overweight 56% 24% −6% 5%
Obese 18% 3% 2% 3%
Current smoker 9% 9% −1% 1%

Notes:
Demographic controls include age and gender. Economic controls include household income, family size, marital status, working status, whether covered by social health insurance, rural/urban hukou. Social integration

measures include frequency of communication with neighbours, of communication with friends, and of attendance of community events. Personality measures include currently perceived depression, the attitude to difficulty, and
IQ value. *** indicates statistically significant at the 1% level; ** indicates statistically significant at the 5% level. †Our cut-offs for overweight and obesity (BMI 24/28) are Chinese cut-offs from the Working Group on Obesity
in China and not the World Health Organization cut-offs (BMI 25/30).
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about 34 per cent; for exercise, the reduction is about 8 per cent. In comparison
with Cutler and Lleras-Muney’s results for overweight, obese, and smoking
(shown in the bottom rows of Table 3), the impact of including extra controls
appears, in most cases, larger in our analysis.54 However, the results should be
interpreted with caution given the differences in the survey questions and in
how they may differ in capturing the underlying differences in preferences of
the survey respondents.
Table 4 explores heterogeneity in the educational gradient by age (birth cohort)

using the 2008 NHSS data. The columns of the table report the educational gra-
dient for three age groups (25–44, 45–64, and 65 and above) controlling for basic
demographic information, income and other socio-economic indicators. An edu-
cational gradient exists in all three age cohorts: those with higher educational
attainment are more likely to have good or excellent SAH and to engage in fitness
exercise, and are less likely to smoke, drink, fall ill and have a diagnosed chronic
disease.
A common trend observed across different birth cohorts is that the educational

gradients are more statistically significant and larger for the later (younger)
cohorts. We show this in Table 4 by calculating the ratios of the estimated coeffi-
cients on above-median education for the later born cohorts (i.e. younger) to the
coefficients for the earlier born (i.e. older) cohorts. In most cases, the ratios are
greater than one. For example, consider the health metric of reporting illness
in the last two weeks. The estimated coefficient on above-median education for
the 25–44 age group is more than twice of that for the 45–64 age group, and
three times of that for the 65 and older age group.
Nonetheless, in very few cases, the coefficient ratios between the younger and

older cohorts are less than one: for instance, in the case of the likelihood of smok-
ing, the ratio of the coefficient for the younger two cohorts to the coefficient for
the older cohort is less than one. That is, the association between education and
lower smoking rate is greater for those aged 65 and above than for their younger
counterparts.
Table 5 explores heterogeneity in the educational gradient by urban/rural resi-

dence and by gender, also based on the 2008 NHSS. Educational gradients are
present for both urban and rural individuals and for both men and women,
and the relative steepness of the gradients varies. Unlike for mortality, as dis-
cussed above, there is a larger gradient for women than for men for these health
measures. For example, the estimated negative correlation between having a jun-
ior high education and the probability of falling ill is more than four times greater
in magnitude for women than for men. The results for the urban/rural division
are a bit more mixed: while, in most cases, the education–health gradient is stron-
ger for rural residents than for the urban counterparts, it appears to be greater for
urban residents in terms of smoking and drinking.

54 Cutler and Lleras-Muney 2010, Table 6, 15–16.
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Table 4: Educational Gradient in Health: Heterogeneity by Age Cohort (NHSS 2008)

Coefficients on whether or not have junior middle education and above (β)

25∼44 45∼64 65∼

Obs Mean b Ratio to
45∼64

Ratio to
65+

Obs Mean b Ratio to
65+

Obs Mean b

Self-assessed health
status

55,168 0.93 0.480*** 2.7 2.21 49,352 0.83 0.178*** 0.82 19,755 0.63 0.217***

(0.0432) (0.033) (0.0494)
Felt ill within 2 weeks 55,247 0.11 −0.286*** 2.67 3.62 49,412 0.25 −0.107*** 1.35 19,772 0.41 −0.0790*

(0.0326) (0.028) (0.0457)
Have diagnosed chronic

disease
55,433 0.08 −0.329*** 17.78 −54.7 49,523 0.27 −0.0185 −3.07 19,821 0.47 0.00602

(0.0366) (0.0275) (0.0456)
Current smoker 55,068 0.28 −0.164*** 1.49 0.58 49,267 0.31 −0.110*** 0.39 19,726 0.22 −0.282***

(0.0311) (0.0299) (0.057)
Ever smoked 55,068 0.29 −0.164*** 1.61 0.58 49,267 0.33 −0.102*** 0.36 19,726 0.27 −0.285***

(0.0308) (0.0299) (0.0541)
Current drinker

(>1 time weekly)
54,381 0.13 −0.139*** 0.9 1.67 48,670 0.17 −0.154*** 1.85 19,478 0.12 −0.0832

(0.0351) (0.0332) (0.0699)
Exercise 54,510 0.15 0.808*** 1.24 2.14 48,709 0.22 0.653*** 1.73 19,551 0.31 0.377***

(0.0512) (0.0393) (0.0595)

Notes:
Demographic controls include age, gender, and ethnicity. Economic controls include household income, family size, marital status, working status, whether covered by social health insurance, rural/urban hukou. ***

indicates statistically significant at the 1% level; ** indicates statistically significant at the 5% level.
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Table 5: Educational Gradient in Health: Heterogeneity by Region and Gender (NHSS 2008)

Coefficients on having junior middle education and above (b)

Rural Urban Rural/urban Female Male Female/male

Mean b Mean b Mean b Mean b

Self-assessed health status 0.84 0.347*** 0.84 0.141*** 2.46 0.83 0.314*** 0.86 0.244*** 1.29
(0.0292) (0.0445) (0.0313) (0.0314)

Felt ill within 2 weeks 0.21 −0.180*** 0.23 −0.0988** 1.82 0.24 −0.287*** 0.19 −0.0672** 4.27
(0.0227) (0.0398) (0.0267) (0.027)

Have diagnosed chronic disease 0.20 −0.144*** 0.26 −0.000557 258.50 0.24 −0.227*** 0.20 −0.0197 11.52
(0.0238) (0.0391) (0.0279) (0.0275)

Current smoker 0.29 −0.142*** 0.24 −0.291*** 0.49 0.03 −0.441*** 0.54 −0.159*** 2.77
(0.0221) (0.0475) (0.0687) (0.021)

Ever smoked 0.32 −0.150*** 0.27 −0.258*** 0.58 0.04 −0.373*** 0.58 −0.162*** 2.3
(0.0221) (0.0462) (0.0583) (0.0211)

Current drinker 0.15 −0.130*** 0.12 −0.242*** 0.54 0.02 −0.329*** 0.27 −0.142*** 2.32
(>1 time weekly) (0.0253) (0.055) (0.0764) (0.0237)

Exercise 0.07 0.772*** 0.53 0.375*** 2.06 0.21 0.654*** 0.20 0.600*** 1.09
(0.0395) (0.0392) (0.0354) (0.0347)

Notes:
Demographic controls include age, gender, and ethnicity. Economic controls include household income, family size, marital status, working status, whether covered by social health insurance, rural/urban hukou. ***

indicates statistically significant at the 1% level; ** indicates statistically significant at the 5% level.
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Discussion
We explore the educational gradient in health in China based on Shanghai mor-
tality data as well as nationally representative data on health (NHSS 1998 and
2008; CFPS 2010). We have a number of findings. Above all, for both the
Shanghai data and national data, we find a significant education–health gradient,
with better-educated individuals enjoying better health and survival. The steep-
ness of the gradient depends on what dimensions of health are measured (and
how the gradient in education is quantified – the distribution of population by
education is changing significantly over time). This pattern may also reflect the
fact that the educational gradient responds differently to income for different
health measures. The mechanism behind the variation awaits further exploration.
We also find that the gradient has been in general increasing over time. In the
Shanghai case, the increase in the gradient is primarily attributable to a faster
decline in mortality for better-educated individuals during 1991–2005.
Based on the Shanghai mortality data, we find that the gradient for a given

birth cohort (for example, the 1950 birth cohort) appears to be declining. This
narrowing of the mortality gap may reflect not only selective survival but also
the impacts of public health interventions (i.e. population-health technologies)
and movement “up the Preston curve” in their lifetimes, both changes associated
with a flattening gradient.
Based on the national survey data, income and other economic variables in

general are mediating a portion of the association between education and income,
the magnitude of which, again, depends on the specific health indicator used. In
our analysis, income explains less of the educational gradient in smoking in
China than in the US, possibly because smoking is more culturally and occupa-
tionally required for Chinese men and/or because the measure of smoking in our
survey does not adequately differentiate occasional smoking of high-priced
brands from chain smoking of lower-priced brands.
The results also indicate that only a small proportion of the gradient can be

accounted for by income and other economic controls, suggesting that the
wide and seemingly widening educational gradient in health is not merely the off-
shoot of greater income returns to education and the burgeoning income dispar-
ities in China. Rather, the net association of health with education conditional on
income appears to be increasing. Both the monetary and non-monetary returns to
education appear to be of independent economic significance and increasing.
The 2008 NHSS shows evident heterogeneities in the education–health gradi-

ent by cohort, urban/rural residency, and gender. The educational gradient
among the younger cohort is in general greater than that among the older cohort;
however, smoking is one exception – the educational gradient in smoking is the
greatest among the oldest cohort. Also, in most cases, the gradient is larger for
rural residents than for their urban counterparts; again, smoking (and drinking)
is an exception – the gradient in smoking (and drinking) is greater among urban
residents. Last but not least, the 2008 NHSS shows a larger gradient for women
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than men; in contrast, our analysis of the Shanghai mortality data shows a
greater gradient for men than for women. We suspect that the seemingly contra-
dictory results might be because the underlying mechanisms differ between the
education–morbidity/health behaviour profile and the education–mortality
profile.
Our study suffers from several limitations. Causality is surely a concern.

Ideally, we would like to disentangle the mechanisms by applying rigorous econo-
metric techniques to sufficiently informative data; in reality, however, causal
pathways are difficult to establish. As we have previously acknowledged, studies
that use compulsory school laws to address this technical issue have been chal-
lenged. Theoretically, if we are able to control an exhaustive list of variables
that “determine education but cannot be affected by it,” the issue of causality
is less prominent.55 In reality, however, although we use a variety of survey
data that offer rich information regarding health and health behaviour, we simply
do not have all variables needed. Nor can we always find proper proxies. For
example, while previous literature documents the impacts of cognitive ability
and tastes on health, our survey data do not adequately ask such questions.56

The choice of variables in the regression models is thus often dictated by data
availability in addition to theory. Following Cutler and Lleras-Muney, we

Figure 3: StandardizedMortality Ratio (SMR) in China by Sex and Education, 2000
and 2010 (Mortality Rate in 1990 = 1)

Data sources:
For deaths (the mortality numerator) for those aged six and above, Tabulations on Population Census of China 1990; 2000; 2010.

For the reference population (the mortality denominator), Tabulations on Population Census of China 1990; 2000; 2010.

55 Ibid., 2.
56 Ibid.; Singh-Manoux et al. 2005; Auld and Sidhu 2005; Grossman and Kaestner 1997; Bijwaard,

Kippersluis and Veenman 2015.
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acknowledge that we are unable to make causal claims.57 Yet, our analyses are
informative in understanding potential mechanisms. For future research on the
education–health gradient, understanding the impact of the quality of education
has been suggested as a worthwhile extension.58

Also, the representativeness of the Shanghai data might be an issue.
Unfortunately, however, as we have acknowledged previously, longitudinal
national mortality data stratified by age, gender and education are not available,
and the trends of mortality in Shanghai are informative for China’s future as the
country rapidly urbanizes. In addition, to complement our analyses, we also cal-
culate the national standard mortality ratio by education in 2000 and 2010 using
the 1990 mortality level as the reference. We show the result in Figure 3. It is clear
that mortality decreased more significantly for those with greater educational
attainment, which is consistent with our previous findings that the education–
health gradient became steeper over the decade.

Conclusion
To date, limited evidence has been made available about the extent of the educa-
tional gradient in various health measures in China. It is of interest to know to
what extent the gradient can be explained by income and other factors. It is
also of interest to know how the gradient has been evolving over time: in rapidly
developing economies like China, people of different cohorts have been exposed
to very different health conditions over their life course. The educational gradient
in health could be flattening if diminishing returns to improved average education
levels and the influence of earlier population health interventions outweigh the
gradient-steepening effects of new medical and health technologies.
Using multiple datasets at the local as well as the national level, we estimate the

relationship between education and health. We find large, and in many cases,
steepening (worsening) educational gradients in health, although the gradient
flattens with age. We also find that the gradients are being mediated, to different
extents, by economic and social resource variables. Nevertheless, a significant
share of the educational gradient in health remains after controlling for resource
variables. We also find that the gradients are, in most cases, larger for the
younger cohorts and among rural residents. Moreover, the gradient in mortality
is greater for men, whereas the educational gradient in morbidity and health
behaviour is often greater for women.
Our study highlights the double disadvantage of those with low education, sug-

gesting synergies in interventions that foster both aspects of human capital.
Policies to enhance health and education among the least advantaged, such as
the poor rural population, could have manifold returns for China’s future social
and economic development.

57 Cutler and Lleras-Muney 2010.
58 Eide and Showalter 2011; Mazumder 2012.
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摘摘要要: 大 量证据表明存在着健康的教育梯度: 教育程度高的人群往往享有

更好的健康和更长的寿命。从理论上讲, 平均教育水平的升高、以及对人

群实施早期健康干预会减弱 健康的教育梯度; 而另一方面, 医疗技术的进

步会加强健康的教育梯度。本文研究健康的教育梯度是如何在中国这个高

速发展的国家演变的。目前的文献对此研究不 多。基于近年上海的死亡

数据和全国人口健康抽样调查数据, 我们发现, 中国健康的教育梯度在很

多情况下有所增强。我们还发现, 健康的教育梯度在不同出生世 代、性别

和地区之间存在差异。进一步的研究显示, 经济因素只能部分解释这些梯

度的存在。这些研究结果突出了低教育程度人群在教育与健康上所面临的

双重劣 势。从上述两方面人力资本进行政策干预显得十分重要。

关关键键词词: 中国; 健康; 教育; 存活; 差异; 不平等
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1990 Population Census of China). Beijing: China Statistics Press. http://
tongji.cnki.net/kns55/navi/HomePage.aspx?id=N2008040085&name=YGSRP
&floor=1. Accessed 2 April 2016.

Population Sample Survey Office under the State Council and Bureau of Statistics.
2002. Zhongguo 2000 nian renkou pucha ziliao (Tabulation on the 2000 Population
Census of China). Beijing: China Statistics Press. http://tongji.cnki.net/kns55/navi/
HomePage.aspx?id=N2008050075&name=YWXDS&floor=1. Accessed 2 April
2016.

Population Sample Survey Office under the State Council and Bureau of
Statistics. 2012. Zhongguo 2010 nian renkou pucha ziliao (Tabulation on the
2010 Population Census of China). Beijing: China Statistics Press.
http://www.stats.gov.cn/tjsj/pcsj/rkpc/6rp/indexch.htm. Accessed 2 April 2016.

C. Comparing the national surveys used in our study

NHSS 1998, 2008 CFPS 2010
Sponsor Ministry of Health of China Institute of Social Science Surveys

(ISSS) of Peking University
Purposes of the

survey
To evaluate the health of Chinese

residents and the availability and
utilization of health services.

To collect data on themes related
to China’s economic and social
changes at the individual,
family and community levels.

Information
collected

Demographic and socio-economic
characteristics, self-reported
health status, disease histories,
health care utilization, household
income and expenditures on a
variety of commodities,
disease-specific medical
expenditure, and health risk
behaviour.

Demographic and
socio-economic characteristics,
economic activities, education,
family dynamics and
relationships, migration and
health.

Representativeness Nationally representative Nearly nationally representative.
Six provinces (Xinjiang, Tibet,
Qinghai, Inner Mongolia,
Ningxia and Hainan) are not
included for the purpose of
containing costs.

Waves of available
data

1993, 1998, 2003 and 2008 2010, 2011, 2012 and 2014
(Two waves of pilot surveys in
2008 and 2009 were carried out
in Beijing, Shanghai and
Guangdong.)
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Sampling strategy A multi-stage stratified cluster
random sampling method has
been adopted: counties (cities or
districts) were sampled in the first
stage from all provinces; then five
townships (or neighbourhoods)
were sampled from each county;
two villages (or neighbourhood
committees) were then sampled
from each township; in the last
stage, 60 households were
sampled from each village. All
household residents were
interviewed.

A multi-stage probability strategy
has been adopted: The target
sample size of the baseline 2010
CFPS survey that we use was
16,000 households. Half of the
households came from five
provinces (Shanghai, Liaoning,
Henan, Gansu and
Guangdong), each of which
sampled 1,600 households; the
other 8,000 households were
from the remaining 20
provinces, each of which
sampled 800 households.

Sample size NHSS 1998: 56,994 households and
216,101 individuals; NHSS 2008:
56,456 households and 177,501
individuals

CFPS 2010: 14,960 households
and 42,590 individuals

References Ministry of Health 1999; 2009. Xie and Hu 2014; Xie and Lu
2015. Official website: http://
www.isss.edu.cn/cfps/EN/.
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