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Abstract
This article examines social stratification in individual health trajectories for multiple cohorts in the
context of China’s dramatically changing macro-social environment. Using data from the China
Health and Nutrition Survey, we find significant socioeconomic status (SES) differences in the mean
level of health and that these SES differentials generally diverge over the life course. We also find
strong cohort variations in SES disparities in the mean levels of health and health trajectories. The
effect of education on health slightly decreases across successive cohorts. By contrast, the income
gap in health trajectories diverges for earlier cohorts but converges for most recent cohorts. Both
effects are more pronounced in rural areas. Given that these cohort effects are opposite those reported
in recent U.S. studies, we discuss China’s unique social, economic, and political settings. We
highlight the association between SES and health behaviors, China’s stage of epidemiologic
transition, and the changing power of the state government and its implications for health care.
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Throughout the twentieth century, massive social changes swept through many countries
around the world. Along with the two World Wars, the United States saw the Great Depression,
the Cold War, and the Civil Rights movement. Across the globe, Chinese society went through
a series of dramatic political, economic, and cultural upheavals, including the Communist
Revolution (late 1940s), the Great Leap Forward and Famine (late 1950s), the Cultural
Revolution (mid-1960s to 1970s), and the introduction of the post-Mao economic reforms (late
1970s to present). For sociologists interested in the linkage between social change and social
stratification, the volatility of China’s social surroundings, as well as the dominance of a
powerful state socialist government, makes the country a unique and valuable resource for
study.

In this article, we focus on the social stratification of individual health trajectories in the context
of China’s ever-changing macro-social environment. We address the longstanding issue of
social inequality and health, which extends back to the early Chicago school researchers Faris
and Dunham (1939) and their work on socioeconomic status (SES) and mental disorders. The
vast amount of literature since then documents a consistently positive relationship between
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SES and health. People with higher SES are more likely to report better health, greater levels
of physical functioning and mobility, better mental health outcomes, and lower rates of
disability and mortality (Kitagawa and Hauser 1973; Marmot 1999; Rogers, Rogers, and
Belanger 1992; Turner, Wheaton, and Lloyd 1995). The seemingly universal relation between
SES and health is clouded, however, when put in the context of aging and the life course; some
prior studies report a convergence of health inequality by SES, while others demonstrate a
persistent or diverging gap in health between the socioeconomically advantaged and
disadvantaged in later life. Scholars have attributed this inconsistency in U.S. studies to
confounding an age effect (the effect of SES on health over the individual life course) with a
cohort effect (a changing SES effect on health across birth cohorts who came of age at different
historical times) in cross-sectional designs (Lynch 2003; Yang 2007). The crux of the problem,
however, is not merely methodological or data related, but rather conceptual. Birth cohorts
serve as a proxy for the historical times in which individuals were exposed. Failure to account
for cohort structure in studying the relationship between SES and health over the life course
amounts to ignoring the influence of social change on human lives.

The need to disentangle life course and cohort processes in the study of social inequality in
health is particularly evident in China, where large-scale societal transitions dominated the past
60 years and had long-lasting effects on the country’s social order. For example, in Maoist
China, the state government actively promoted the social ideal of a “classless society,” resulting
in decreased differentials in income and social services since 1949 and low socioeconomic
stratification by international standards. In terms of policies, a massive public health campaign
since the 1950s helped reduce health differentials and led to an exceptionally accelerated model
of mortality and health transitions. This trend later reversed, as market reform after the 1980s
generated astounding growth in income inequality. At the same time, the government’s health
insurance and health care systems, which were established in the prereform era and provided
a comprehensive level of basic health care in both urban and rural areas, became increasingly
dysfunctional given pressure from privatization and sharply reduced government support.
While these state policies affected the social stratification of health outcomes at different points
in time, the extent of their influence may vary considerably for different birth cohorts who
came of age at different historical times. Cohort membership thus potentially offers crucial
evidence of varying macro-social influences on individuals at different life stages.

Using a five-wave dataset spanning 13 years (China Health and Nutrition Survey [CHNS]
1991, 1993, 1997, 2000, 2004), we carry out the first longitudinal study of changes in
socioeconomic differentials in health for multiple cohorts of individuals in China. We
investigate how health trajectories are shaped by recent socioeconomic and health transitions,
and how historical events may leave different imprints on successive cohorts’ life experiences
and, consequently, lead to diverging health outcomes. Our goal is to advance our understanding
of the mechanisms that generate inequality in health in a society undergoing rapid change in
its social structure and health parameters. In particular, we underscore the prominent role of
the state government. A large body of sociological research examines the impact of the
transformation of China’s state socialist economy on social stratification and mobility, with
an emphasis on economic well-being, such as earnings, income, occupation, and wealth (e.g.,
Bian 2002; Bian and Logan 1996; Lin and Bian 1991; Nee 1989; Wu and Xie 2003; Zhou
2000). Relatively little is known, however, about how such transitions affect health
stratification, a type of social inequality that deserves academic as well as public attention.

THEORETICAL PERSPECTIVES
Does social inequality in health change with age? And how is this process shaped by an ever-
changing social-historical context? This study is guided by the life course perspective, which
provides an excellent framework for studying the relationship between human lives and a
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rapidly changing society such as China. By studying both age and cohort effects on individuals’
health, we capture the imprint of time on human lifespans at personal and social-historical
levels.

We begin by first addressing the process of aging from the perspective of cumulative
disadvantage theory. Originating from the status attainment literature and studies of scientific
careers (Merton 1968), cumulative disadvantage theory has found fruitful applications in aging
and life course research to characterize the processes by which the effects of initial
disadvantages in educational attainment and income accrue over the life span to produce high
levels of late-life inequality (O’Rand 2006). Described by O’Rand (2006) as “forms of life
course capitals,” economic, health, and personal resources accumulate over the life course. By
selection and interaction with various societal institutions through complex processes, even
small initial differences in life course capital can result in wide disparities in outcomes. The
cumulative disadvantage process emphasizes the depreciation of life course capital over time,
through cumulative hardship and adversity, for those with early disadvantages and lower
achievements.1 Health trajectories are shaped through a chain of life course “insults” (Hayward
and Gorman 2004) and strong path dependence, whereby a disadvantage increases the risk of
early hardships, such as poor health and lower educational attainment and economic status,
that constrain subsequent socioeconomic attainment and health maintenance (O’Rand 2002,
2006).

Studies on health disparities over the life course find evidence of cumulative disadvantage in
which the effects of early and sustained hardship lead to self-reinforcing patterns of physical
decline, as manifested by higher rates of disability and mortality in later life (Lynch, Kaplan,
and Shema 1997; Smith and Kington 1997) and health problems such as obesity (Ferraro and
Kelley-Moore 2003), hypertension, heart disease, and cognitive decline (Dupre 2007, 2008;
Rodgers, Ofstedal, and Herzog 2003). Empirical tests, however, also show inconsistent
findings with respect to whether the SES effects on health outcomes strengthen or diminish
over the life course. Education and income gaps in health have been found to either diverge
(Power, Matthews, and Manor 1998; Ross and Wu 1996; West 1991; Willson, Shuey, and
Elder 2007), converge (Feldman et al. 1989; House, Kessler, and Herzog 1990; House et al.
1994), remain stable (Clark and Maddox 1992), or diverge from early to middle age and then
converge in old age (House, Lantz, and Herd 2005).

Although this body of research explicitly employs a cumulative disadvantage/advantage
framework for addressing health differentials in the life course, it hinges largely on cross-
sectional studies with no intracohort cross-time linkages. It thus cannot adequately test the
cumulative disadvantage theory of intracohort differentiation. Several recent U.S. studies have
begun to tease out the process of aging from cohort differences by using longitudinal designs;
they report substantial intercohort differences in health (Yang 2007) and patterns of increasing
intracohort disparity in health with age (Lynch 2003; Willson et al. 2007). One study also finds
constant intracohort disparity in health trajectories, showing African Americans’ persistent
disadvantage (Yang and Lee 2009). Together, these studies lend support to the cumulative dis/
advantage theory.

Although systematic examination of trajectories of inequality within and between cohorts has
begun, knowledge of the cumulative disadvantage process in other national settings is limited.
Examining the SES-health gradient over the life course is crucial in nations such as China,
where social, economic, and political transitions dominated the second half of the twentieth
century. This leads to a second research question: How does social change influence health

1The processes of cumulative disadvantage and cumulative advantage are different (O’Rand 2002,2006). The latter emphasizes the
positive compounding and accumulation of economic and health capitals over time for those with early advantages and achievements.
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disparities as individuals age? The interplay of human lives and historical times is central to
the life course framework (see Elder, Johnson, and Crosnoe 2003). Historical times may affect
a person’s life course in terms of a cohort effect, with social change differentiating the life
course patterns of successive cohorts. Cohort effects on health may be due to differentials in
early life conditions, a commonly cited explanation for susceptibility to diseases and mortality
in the epidemiological research on chronic diseases (Barker 1998). Similarly, cohort changes
may reflect shifts in individual health capital since birth. More recent cohorts in the United
States tend to have better health capital at birth and lower depreciation rates in the stock of
health capital (Fogel and Costa 1997). Furthermore, successive U.S. birth cohorts experience
later onset of chronic diseases and disabilities (Freedman and Martin 1998).

Different cohorts could also have diverse life experiences due to “the timing of lives,” (Elder
et al. 2003:12) another closely related life stage principle. In Elder’s seminal work on the
children of the great depression, he demonstrates convincingly that economic loss and
deprivation early in life for the Oakland cohort (born in 1920 to 1921) did not have the same
magnitude of effect on physical and emotional health across different social classes; the most
socioeconomically disadvantaged experienced the most adverse effects on adult health (Elder
[1974] 1999). Interestingly, when compared with a slightly younger cohort (born in 1928 to
1929) who were more adversely influenced by family hardship, the Oakland males were more
resilient in later life, owing possibly to military service and its benefits (Elder 1986, 1987).
Clearly, individuals feel the impact of social change differently, depending on where they are
in their lives.

RESEARCH ON SES AND HEALTH IN CHINA AND OTHER ASIAN COUNTRIES
Although there are only a few studies that document the relationship between SES and health
in contemporary China, their findings are inconsistent and vary by type of health outcome and
measures of SES. Some studies report that people in higher education and income groups have
better self-reported health and experience lower rates of chronic disease (Li and Zhu 2006;
Wu et al. 2004). Other studies find wide socioeconomic disparities in functional health and
old-age disability among older adults, with educational attainment exerting a beneficial
influence on both functional decline and recovery from disability (Beydoun and Popkin
2005; Liang, Liu, and Gu 2001). However, one study on the oldest old in China documents
that education is not strongly associated with the dynamics of disability (Gu and Zeng 2004).
Moreover, studies on China’s adult population report paradoxical findings, in that higher SES
standing is positively associated with increased health risks, such as smoking, heavy alcohol
consumption, and a poor diet (Du et al. 2002; Kim, Symons, and Popkin 2004). Similarly,
Zimmer and Kwong (2003) found a positive association between SES and the prevalence of
chronic conditions. The positive link between SES and health also appears in several other
Eastern and Southeastern Asian societies, including Taiwan (Chiu et al. 2005; Zimmer,
Hermalin, and Lin 2002), Japan (Fukuda, Nakamura, and Takano 2004; Liang et al. 2002),
Thailand (Zimmer and Amornsirisomboon 2001), and Malaysia (Wu and Rudkin 2000).
Studies reveal that higher SES is associated with a higher risk for heart disease, myocardial
infarction, and obesity in Korea (Song et al. 2006; Yoon, Oh, and Park 2006) and Hong Kong
(Wong and Donnan 1992).

Our study contributes significantly to the existing body of literature on SES and health in China.
Although most previous research focuses on the older population to understand aging as a
lifelong process and to explain the SES gradient in health that occurs early in adult life, the
present study investigates the complete age span of the adult population. In addition, with
ongoing socioeconomic transitions sweeping through China, we address not only the question
of how rising inequality may affect health outcomes and behaviors, but how the SES effect
may vary for individuals who come of age in different social-historical contexts. Given the
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major episodes of social unrest and transitions from the 1940s to the present, we argue it is
vital to understand health disparities in a cohort-specific context. Therefore, we examine
interactions among age, cohort, and SES using a longitudinal data design to offer greater insight
into the social stratification of health among Chinese adults.

RESEARCH HYPOTHESES
We test cumulative disadvantage theory by modeling SES differentials in growth trajectories
of health within cohorts (i.e., the age by SES interaction effects net of cohort effects). By
following multiple birth cohorts over multiple time points, we intend to capture the varying
effect of SES on health by age and simultaneously assess the effects of intracohort and
intercohort differentiations. This leads to our first hypothesis:

Hypothesis 1 (Intracohort variation): Socioeconomic disparities in health will
increase over the life course within cohorts, net of cohort effects.

We also investigate the hypothesis of intercohort changes in intracohort inequalities by
modeling variations in SES disparities in health trajectories across birth cohorts (i.e., three-
way interactions between cohort, age, and SES). We are especially interested in how recent
socioeconomic transformations and health transitions in China have affected cohorts’ changes
in health over time. During the past two decades of economic reforms, China has experienced
phenomenal economic growth, which has not only improved average living standards but has
also generated pronounced economic disparities. Rising income inequality, together with the
collapse or dysfunction of government health insurance schemes and reduced funding of public
health programs, generated widely unequal access to health care. Growing inequality in health
care access may have strong implications for the health trajectories of earlier cohorts born in
the 1930s and 1940s, who entered old age in the 1990s (the beginning of our observation
window). On the other hand, although more recent cohorts (born in the 1950s and 1960s)
benefited from the mass public health campaigns during their childhoods, experiences in their
adult lives may have negative effects. Typical for a developing society experiencing health
transitions, the socioeconomically advantaged tend to adopt unhealthier lifestyle choices,
resulting in a diet high in fat and sugar intake, less physical exercise, and an increasing
prevalence of smoking, drinking, and obesity.

Given these social trends unique to the China context, we expect to find cohort-specific health
trajectories by socioeconomic status. We also expect that the pattern is different from that in
a developed country. This leads to our second hypothesis:

Hypothesis 2 (Intercohort change): Substantial intercohort variations in intracohort
heterogeneity in health trajectories will exist over the life course, with socioeconomic
differentials in the age trajectories of health possibly decreasing in successive cohorts.

We hypothesize that the interaction effect between SES and cohort on health trajectories will
differ by rural and urban residence. The divide between rural and urban China is one of its
most salient features. The Hukou (household registration system) divides the population into
agricultural and nonagricultural sectors, which in turn have different social and economic
systems. By the early twenty-first century, the difference in living standards and access to
health care between urban and rural areas yielded an average advantage of five years in life
expectancy for urban residents (Wang and Mason 2007). We thus expect urban residents to
have better health than their rural counterparts and that the pattern of intercohort variations in
socioeconomic differentials in health trajectories will be different in urban and rural China. In
the pre-reform era, the urban population enjoyed guaranteed employment, housing, access to
health care, and retirement benefits. The market transition that began in the 1980s brought
major challenges to the health care system in urban China, as stateowned enterprises became
responsible for their own benefits and losses. The government initiated new health care system
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reform policies, limiting the public funds available for health care and allowing private
ownership of health facilities and clinical practices (Rosner 2004). Escalating medical costs
worsened rural residents’ living and health conditions considerably, particularly for older
adults who are more likely to use health care facilities. However, in contrast to the near collapse
of the rural cooperative medical scheme (CMS), which facilitated remarkable health
improvements from the 1950s through the 1970s for rural populations, reforms were modest.
Therefore, given the dramatic increase in inequality in health care access in rural areas, we
expect that the effect of SES on health will be stronger for earlier cohorts in the rural population.
Because of these differences, we conduct separate analyses for urban and rural subsamples.
This leads to our third hypothesis:

Hypothesis 3: The patterns of cohort variations in the SES differentials of health
trajectories will differ in urban and rural areas, with the SES gap more pronounced
in the rural sample for earlier cohorts.

DATA
We use data from the China Health and Nutrition Survey (CHNS), an ongoing collaborative
project of the Carolina Population Center at the University of North Carolina, the Institute of
Nutrition and Food Hygiene, and the Chinese Academy of Preventive Medicine in Beijing.
The survey was designed to study how social and economic transformations in Chinese society
affect the nutritional, demographic, and health status of the population. It has collected panel
data on individuals, households, and their communities. The survey covers nine provinces and
autonomous regions in China: Liaoning, Heilongjian, Shandong, Jiangsu, Henan, Hubei,
Hunan, Guangxi, and Guizhou.2 One third of China’s population (approximately 450 million
people in 1989) live in these provinces, which vary substantially in geography and economic
development. The sample has a stratified multistage cluster design whereby in each province,
low-, middle-, and high-income counties were selected, and subsequently within them, the
county seat and three randomly chosen villages were selected. Also, in each province, the
provincial capital, a low-income city, and suburban villages located near these cities were
included. (A detailed description of the design of the China Health and Nutrition Survey can
be found at http://www.cpc.unc.edu/projects/china.) Although the CHNS data are not a
representative sample of China’s population, previous studies show that the characteristics of
the CHNS households and individuals are comparable to those from national samples (see Du
et al. 2002;Entwisle and Chen 2002;Short, Ma, and Yu 2000).

Although few longitudinal studies involve multiple follow-up surveys of adults in the United
States, the CHNS has collected five waves of data so far (1991, 1993, 1997, 2000, and 2004).
3> This creates a unique opportunity for cohort analysis of age change. We selected a sample
of adults age 21 and older in 1991 as the baseline and constructed 10-year birth cohorts. The
only exceptions are the 1951 to 1955 and 1956 to 1960 cohorts, which were separated because
of the historical significance of the Great Leap Forward and the Three-Year Famine, both of
which occurred in the late 1950s. We then followed the six birth cohorts to later survey years
(1993, 1997, 2000, and 2004). Respondents’ age in 1991 ranges from 21 to 101 years. At each
follow-up, surviving respondents in each cohort aged together, yielding cohort-specific age
trajectories.

The CHNS collects extensive information, including health outcomes, measures of health
behavior, and access to health care. The survey asked the following question of each household
member regarding their health: “How would you describe your health compared to that of other
people your age?” The responses range from 1 to 4, indicating excellent to poor health.4

2Liaoning dropped out of the survey in 1997 and was replaced by Heilongjiang; Liaoning has returned to the survey since 2000.
3The survey began in 1989, but we are unable to include that year because it did not include a measure of self-reported health.
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Respondents who answered “refuse to answer” and “do not know” were coded as missing and
dropped from our analysis, and we reverse coded self-rated health so that higher values indicate
better health. We use self-reported health as our main dependent variable. In U.S. studies, it
has been consistently documented as a valid measure of health (Farmer and Ferraro 1997;Hays,
Schoenfeld, and Blazer 1996;Johnson and Wolinsky 1993) and as a potent predictor of survival
and mortality, even when objective measures of health based on physicians’ examinations,
medical records, or extensive health histories are controlled (Idler and Angel 1990;Idler and
Benyamini 1997). In addition, self-rated health is a broader and more inclusive assessment of
health, capturing an individual’s health status beyond that of objective measures of health
(Idler and Benyamini 1997). Having said that, we acknowledge that the construct of self-
reported health reflects subjective perceptions and thus is affected by individual characteristics
and cultural contexts (Desesquelles, Egidi, and Salvatore 2009;Jylhä et al. 1998). Because of
this, we cross-validated the findings presented below by using alternative health measures such
as physical functioning. These results are available from the first author upon request.

Our working sample consists of 7,432 individuals in 1991, 6,717 in 1993, 6,991 in 1997, 6,494
in 2000, and 6,648 in 2004.5> Among them, 617 individuals died by the end of 2004. From
one wave of the survey to the next, loss due to follow-up ranges from 2 to 8 percent. Altogether,
these respondents yield 34,282 person-year records. Because individuals remaining in the
sample are likely to be healthier, and the disadvantaged are more likely to die earlier, the effect
of SES on health may be overestimated. Below, we explain our approach to handling the
potential bias in the analysis due to attrition and death.

The CHNS not only includes basic questions on education but also elicits detailed information
on income from different sources. Based on preliminary analyses, we use two different
measures of SES: education and per capita family income. In preliminary analyses, we also
tested for different specifications of these two variables and conducted sensitivity tests. To
simplify the interpretation, we use two dichotomous variables in the final analyses. We
operationalize education as those with primary school or less (= 0) and those with more than
primary school (= 1). We divide respondents into the lowest quintile of the income distribution
(= 0) and those who have higher incomes (= 1).

While urban and rural residency may affect the mean level of health and growth rate of health
problems, we also control for regional differences in economic development with regional
dummy variables: coastal (Shandong and Jiangsu, the two most economically developed
provinces); Northeast (Liaoning and Heilongjian); inland (Henan, Hubei, and Hunan); and the
mountainous south region (Guangxi and Guizhou), also the most economically underdeveloped
region, as the reference category. The CHNS provides information on health behaviors,
including smoking, drinking, and Body Mass Index (BMI as a proxy for diet) derived from
height and weight. Our analytic models control for these health behaviors, gender, and marital
status. Table 1 presents summary statistics of all variables used in the analyses for all waves
combined. The urban and rural samples are similar in their average level of self-reported health
and some other characteristics. As expected, urban residents enjoy higher education and income
levels than do their rural counterparts.

4The wording of the self-reported health (SRH) question in the CHNS is similar to an age comparative SRH, but the response items are
close to that of a global SRH. A descriptive analysis of the relationship between age and SRH controlling for cohort shows a pattern of
health decline over the life course, thus demonstrating that it is a valid health measure to capture the aging effect (results available from
the first author upon request).
5The original sample size at 1991 was 8,146. Among the missing cases (7.7 percent), less than 1 percent are missing on the dependent
variable and the rest are missing on various independent variables. The overall working sample excludes missing values on any variable
included in the analysis (averaged around 1,208 individuals across waves, excluding death and loss to follow-up). We conducted
sensitivity tests using the method of mean imputation and dummy variable adjustment (including a dummy variable suggesting
missingness in the model). The results are robust, so we treat them as missing at random.
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ANALYTIC STRATEGY
Because the design of the CHNS follows multiple age cohorts for multiple waves (Tonry,
Ohlin, and Farrington 1991), it allows for more rapid accumulation of information on age for
multiple cohorts than does a single longitudinal cohort design. The data have restricted
coverage of the individual life course for each cohort because complete life histories of all
cohorts from birth to death are rarely available, if they exist at all. If the observable age
trajectories of different cohorts start and end at different ages, comparison of different cohorts
must be based on different segments of the cohort members’ life course. As waves of data
accumulate, however, age and cohort will become less and less confounded, making it
increasingly possible to estimate cohort-specific age trajectories. Miyazaki and Raudenbush
(2000) and Raudenbush and Bryk (2002) illustrate that hierarchical linear models (HLM) or
growth curve models can be used to test for cohort differences in age trajectories. Using U.S.
datasets, this modeling reveals significant cohort variations in the age trajectories of health
(Lynch 2003; Willson et al. 2007; Yang 2007; Yang and Lee 2009). We apply this modeling
strategy to the CHNS, because with more waves of data than most U.S. studies, it offers more
power to test aging and cohort related hypotheses.

We specify two-level hierarchical linear models to estimate age trajectories of health and
heterogeneity in these trajectories by cohort and SES.

Level-1 Model:

(1)

Level-2 Model:

Model for the intercept:

(2)

Model for the linear rate of change (age):

(3)

The level-1 model characterizes within-individual change over time, or individual growth
trajectories with age. In this model of repeated measurement within individuals, the response
variable yti for person i at time t is modeled as a function of linear and quadratic terms of age
for person i at time t. The coefficients β0i, β1i, and β2i represent the intercept or mean level,
the linear rate of change, and the quadratic rate of change with age, respectively. Following
the HLM methodological literature, we center the age variable around , the median age of
the cohort to which person i belongs (Miyazaki and Raudenbush 2000; Raudenbush and Bryk
2002). This operationalization has several advantages. First, it allows us to interpret intercept
and growth rate as the average level of health and rate of growth at the median age of the cohort
during the data collection period. Second, it minimizes the correlation between age and age
squared and stabilizes the estimation procedure. Third, centering around cohort-specific
median ages prevents bias in the estimate that arises from systematic variation in mean age
across the cohorts. Hence, it eliminates confounding of age and cohort variables.
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The goal of the level-2 analysis is to detect heterogeneity in change across individuals and to
determine the association between predictors (SES, cohort, and urban/rural residency) and the
shape of each person’s growth trajectory. The level-2 model assesses inter-individual
differences in change with age, or whether individuals with different SES from various cohorts
manifest different patterns of within-individual change. Each of the parameters of age
trajectories, β0i, β1i, and β2i, is further modeled as functions of person-level attributes. The
associated coefficients of these covariates are denoted as γ, where γ00– γ04 are coefficients for
the intercept model that includes the main effects of SES indicated by education and income,
cohort (coded as 0 – 5),6 SES by cohort interaction effect, and urban residence. Note that γ10
– γ14 are the corresponding coefficients for the linear rate of change model, and they are
equivalent to interaction effects of age with the above covariates. We tested a similar model
for the quadratic rate of change but omitted it. We entered control variables at level-1 for time-
varying covariates (marital status, smoking, drinking, and BMI centered around mean) and at
level-2 for time-constant covariates (sex, attrition type, and region). The random within-person
error term, eti, is assumed to be normally distributed, and the level-2 residual random errors,
u0i and u1i, have a multivariate normal distribution.7

The CHNS data span 13 years and might exhibit period effects on health. We do not explicitly
incorporate period effects in our analysis for both methodological and substantive reasons. In
a longitudinal design, repeated observations over time for each individual are recorded in the
form of a person-year dataset. A fundamental feature of a person-year dataset is that it contains
one time indicator—age or wave (period)—that identifies the specific time of measurement.
In growth curve models, the level-1 analysis reflects within-individual change by modeling
the outcome as a function of the chosen time indicator (Singer and Willett 2003). This means
that one can choose to include age or wave depending on substantive focus, but not both because
within individuals age and period are perfectly collinear.8 We do not estimate period effects
per se, but focus instead on the age by cohort interaction effects (γ12 and γ13). Because cohorts
vary in age at any historical moment, effects associated with historical time, if any, tend to
produce cohort differences in the age-outcome relationship.

Nonrandom selection may occur if mortality and nonresponse are significantly correlated with
worse health, producing biased sample estimates of health trajectories. We considered various
methods to deal with the potential selection bias. Because the Heckman two-step selection
correction and some other techniques do not appear to offer universal or predictable rescue for
this problem (Stolzenberg and Relles 1997; Winship and Mare 1992), we use a more intuitive
approach suitable for our particular empirical analysis. The nonrandom selection occurs in our
data through attrition. HLM allows data to be unbalanced across time because it includes all
persons when estimating trajectories, irrespective of attrition status or number of waves in a
person-year dataset (Raudenbush and Bryk 2002). This largely reduces the number of cases
lost to followup and alleviates the sample selection problem common in other regression
models that exclude cases lost to follow-up. In addition, instead of requiring a sample of

6We experimented with dummy variables of cohort in preliminary analyses and found no evidence for nonlinearity in the cohort effects,
nor a better model fit that supports this alternative specification. We thus use the continuous variable for the final analysis.
7We considered an alternative distributional assumption of self-rated health, an ordinal response and estimated Generalized Linear Mixed
Models (GLMM) with ordinal logit link using SAS PROC GLIMMIX, but do not present these results for three reasons. First, the fixedand
random-effect coefficients and variance estimates are qualitatively similar to these two sets of analyses, yet the current normal
specification has the advantages of aiding straightforward interpretation of the results and no requirement of a proportional-odds
assumption. In fact, the ordered logit analysis shows that the proportional-odds assumption does not hold for the data. Second, the
hierarchical ordinal logit models using PROC GLIMMIX are based on residual pseudo-likelihood estimation. There is no overall
goodness-of-fit statistic available in the literature, nor any extant computational software, that can be used to compare models estimated
using pseudolikelihood (Littell et al. 2006). Third, normal models of self-rated health are widely used in medical sociology, demography,
and gerontology research (e.g., George 1996; Idler 1993; Lynch 2003) and suggest their adequacy and utility in substantive studies of
health and well-being. This study uses the same variable for more direct comparisons across populations.
8To illustrate this point, consider the age variable, Ageti, in Equation 1. The nature of this variable is that age for individual i covaries
with time t exactly; that is, individual i of age A at time T will be age A + 1 at time T + 1.

Chen et al. Page 9

Am Sociol Rev. Author manuscript; available in PMC 2010 April 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



respondents who have complete data for all waves, our model allows for the inclusion, and
hence identification, of individuals who died or became nonrespondents at any follow-ups. The
problem is to distinguish the health trajectories of those who had missing data in later waves
from those who did not. A simple but effective solution is to control for attrition type directly
in the level-2 model. Therefore, by entering dummy variables indicating the deceased and
nonrespondent identities, we account for the possibility that respondents lost due to mortality
or nonresponse had poorer health than the survivors with complete data. We performed all
statistical analyses using SAS 9.1 (Littell et al. 2006).9

RESULTS
Table 2 presents findings from the estimation of growth curve models. We conducted analyses
for each of the two SES indicators—education and family income—separately, first in
consideration of their high correlations with each other and then simultaneously for both.
Because the results are largely consistent, Table 2 presents only results from the analysis using
both indicators; we report any differences from the separate analyses in the text below.

We begin with Models 1 through 5, which refer to the whole sample, and successively add the
variables for cohort, the interaction of cohort-by-education, the interaction of cohort-by-
income, urban residence, and various control variables for the intercept and linear growth rate
models. Models 6 and 7 essentially replicate Model 4,10 but separately for the urban and rural
subsamples. We conduct Z tests of the difference between coefficients in the urban and rural
samples (Cohen 1983) and highlight any p value less than .05, which suggests a statistically
different effect in the subsamples (see the last column in Table 2).

SES Differentials within Cohorts
Models 1 and 2 strongly support Hypothesis 1: there exist significant SES differentials in health
trajectories within cohorts, net of cohort differences. Model 1 shows the overall age trajectory
of health, which has a mean of 2.57 and decreases at a rate of .27 units per 10 years of age,
slowing at a rate of .08 with age, thereby exhibiting a quadratic pattern.11 There are strongly
significant SES gradients in the intercept or mean level of health. Relative to the most
disadvantaged (individuals with primary education or less and in the lowest income quintile),
respondents with more than primary education and higher income levels have better self-rated
health by units of .27 and .05, respectively. In addition, the educational differential in health
increases with age (.09) because more educated individuals experience a less rapid decrement
in health with age (−.18 = −.27 + .09).

Model 2 tests the intracohort variation and examines how controlling for cohort effects
modifies the SES disparities in average health levels and growth rates (age change) shown in
Model 1. More recent cohorts show both higher mean levels of health and less rapid declines
in health with age. This supports our expectation that, similar to their U.S. counterparts, Chinese
citizens do not experience a universal age pattern of health decline, but cohort-specific age
patterns of health change. Controlling for cohort effects reduces the magnitude of the education
effect on the intercept, suggesting that some of the educational differential in health found in
Model 1 is actually due to birth cohort differences. Consistent with the prediction of the
cumulative disadvantage theory, the education effect strengthens with age within cohorts, as
indicated by the significant coefficient for education in the linear growth model in Model 2

9Given that the sample includes multiple respondents from the same household, we use the GLLAMM procedure from STATA 9.0 to
adjust for clustering at the household level. The results are very similar to those produced by PROC MIXED in SAS. We therefore present
the results from SAS in this article.
10We omitted models with the control variables to avoid redundancy, as the results are consistent with those without them.
11We divided the centered age variable by 10 to make the effect coefficients more visible.
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and subsequent Models 3 through 5 with added controls. The income effect does not appear to
change significantly with age in Model 2. In the analysis of income-only models and Models
3 through 5, however, we find similar and significant age-by-income interaction effects.
Because the models control for selection effects due to deaths and nonresponses in the follow-
up surveys, the increasing SES gaps in health with age are not downwardly biased by selective
survival but reflect actual divergences in intracohort SES gaps in health with age.

SES Differentials across Cohorts
We also find support for Hypothesis 2: there are intercohort variations in intracohort SES
disparities in health trajectories. Model 3 reports a significant cohort-by-education effect for
the intercept model. To see the implication of this effect more clearly, we compare the predicted
mean levels of selfrated health across cohorts by education based on estimates of Model 3 in
Figure 1.12 This shows that the educational gap in mean levels of health slightly decreases
across successive cohorts, consistent with Hypothesis 2. When separating the analyses by urban
and rural subsamples, we find a significant difference in the cohort-by-education effect for the
intercept model. As Figure 2 shows (based on estimates from Models 6 and 7 in Table 2), there
is little difference in the predicted mean level of health for the low education group in the urban
and rural samples. For respondents with higher education in the more recent cohorts, however,
those in the rural sample have poorer health than their urban counterparts. While the educational
gap in the predicted mean levels of health barely changes across cohorts in the urban sample,
it almost disappears between the low and high education groups across cohorts in the rural
sample. This supports Hypothesis 3, that is, the cohort varying effects of SES on mean levels
ofhealth differ by rural and urban residence, with the SES gap decreasing in successive cohorts
in rural but not urban areas.

The results for the linear growth rate model suggest no significant three-way interaction among
age, cohort, and education when all combinations of two-way interactions (cohort-by-
education, age-bycohort, and age-by-education) are controlled. Because each two-way
interaction effect is significant, however, there is some evidence for cohort differences in the
way the educational gap changes with age, as suggested by Hypothesis 2. Figure 3 presents
the predicted age trajectories of health-by-education levels for three selected cohorts in the
whole sample.13 The pattern of divergence in the age trajectories of health is similar (with
small differences in the degree of divergence) for each cohort, illustrating a cumulative
disadvantage process over the life course.

12We calculate the predicted mean of self-rated health by education and cohort as follows, based on Equations 1 and 2, when the other
variables are set to zero (for the reference group, or at the cohort median age for females with complete measurements at all five waves
in the lowest income quintile):

13We calculate and interpret the predicted age trajectories by education and cohort in ways similar to that described in note 12. For
instance, the predicted values of health for the 1961 to 1970 cohort with low education is the following:

where 5 indicates the variable value for the cohort that takes on the value of 2 for the 1941 to 1950 cohort and 0 for the pre-1930 cohort;
32 is thecohort median age that takes on the values of 62 and 70 for the other two cohorts, respectively.
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The results for cohort differences in the income gap in health trajectories are slightly different,
however. Model 3 shows that cohort differences in the income gap do not exist in mean
levels of health (and hence there is no significant cohort-by-income interaction effect in the
intercept model), but they do exist in the rate of change of health. The significant income and
cohortby-income interaction effects for the linear growth rate model (i.e., a three-way
interaction among age, cohort, and income) indicate that the income gap diverges with age,
but this trend of divergence lessens in successive cohorts. Figure 4 depicts how various cohorts
differ in the way income differentials in health change with age. In support of Hypothesis 2,
the within-cohort income gap does not uniformly increase across the life course but varies by
cohort membership. While the income gap first diverges in the earliest cohort born before 1930,
it becomes more constant in the 1941 to 1950 cohort, and then converges in the 1961 to 1970
cohort. Taken together, this shows a cumulative disadvantage process that gradually
weakens in more recent cohorts.

In addition, we observe significant urbanrural differences in the effects of cohort and cohort-
by-income interaction for the linear growth rate model. This supports Hypothesis 3; that is, the
cohort varying SES effects on the age trajectories of health problems differ in urban and rural
samples. The cohort-specific health trajectories in the rural sample appear very similar to those
of the whole sample: the within-cohort income gap over the life course lessens for the more
recent cohorts. For the urban sample, the cohort-by-income interaction is not significant in the
linear growth rate model.

With urban residence added to the analyses in Model 4, all key effects mentioned above remain
the same. As expected, urban residence is associated with better health across ages in analyses
that separately estimate the education and income effects (results not shown), but not in Model
4, which simultaneously estimates education and income effects. This result suggests that part
of the urban residence effect on health trajectories is mediated through education or income.
As discussed above, when separating the urban and rural samples, we find some significant
differences in the intercohort variations relating to the effect of SES on individual health
trajectories, a finding that supports Hypothesis 3.

Finally, Model 5 shows that adjusting for all other factors that have been shown to correlate
with health reduces the magnitudes of the education and income effects on the intercept and
diminishes the statistical significance of the education-by-cohort interaction on the intercept.
14 The net cohort effects on mean health levels and income differentials in health change with
age remain. Using Bayesian Information Criteria (BIC) to assess goodness-of-fit across
models, this final model has the smallest BIC statistics and thus is the best model fit.

As expected, the economically most developed region (Shandong and Jiangsuprovinces) has
the highest mean health level, while the most underdeveloped region (Guizhou and Guangxi)
has the lowest. Paradoxically, the effects of smoking, drinking, and BMI are positive in
direction, reflecting the positive association between SES and these health behaviors in the
overall sample. Although the model includes education and income as SES indicators, it may
not fully capture all dimensions of SES. Furthermore, we do not include other proximate
determinants of health that are positively associated with SES and have beneficial effects on
health, such as nutrition, access to health care, exposure to stressors, and social support.
Therefore, the positive effects of the included health behaviors may simply reflect the residual
effects of SES on health, rather than true beneficial effects on health.

14We entered all the control variables in both the intercept and the growth rate models. The effects of sex, marital status, smoking,
drinking, and BMI are not significant in the growth rate model and thus were dropped from the final model.
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DISCUSSION AND CONCLUSIONS
Health differentials closely reflect one of many patterns of social inequality. The link between
social inequality and health disparities provides a particularly useful line of inquiry into how
individual lives evolve with social change. In this longitudinal study of stratification in health
in China, we examine socioeconomic disparities in health over the adult life course. Amid
political and economic instabilities in the early years of communist rule, remarkable
socioeconomic restructuring since the late 1970s, and dramatic demographic and health
transitions in the past several decades, it is critically important to understand the role of cohort
change in shaping individuals’ life course trajectories. Taking birth cohort differences into
account helps contextualize the process by which life course inequalities are generated and
thus illuminates the dynamics between social change and individual lives. Our study offers
evidence for the existence of large intercohort differences in health trajectories. Ignoring this
source of variation would bias the relationship between SES, age, and health. Overall, our
findings reveal strong SES gradients in health trajectories within cohorts and different patterns
of SES disparities in health trajectories between cohorts.

Specifically, we find compelling empirical evidence of significant intracohort SES differences
in the mean level of health and that SES differentials in health increase over the life course.
Controlling for cohort effects, the models largely support cumulative disadvantage theory: the
SES gap in health is wider at older ages than at younger ages. These findings are consistent
with those in U.S. studies that depict a pattern of health decline as people age, and this
cumulative process is affected by education and income. By influencing resources such as
access to health care, health behavior, and social support, the cumulative effect of SES results
in greater inequalities in health over the life course.

At the same time, we also find that the aging process of health change is not universal across
cohorts. Instead, cohort variations in SES disparities exist in health trajectories. While this
finding has been reported in empirical studies for individuals in the United States, the
direction of the cohort effect in our China-based study is distinctively different. For example,
our study documents that the effect of education on mean level of health decreases slightly
across successive cohorts. In addition, we find that the income gap in health trajectories tends
to diverge for earlier cohorts, but then converges for the most recent cohort. Both patterns are
more saliently observed in the rural sample. By contrast, recent studies in the United States
provide evidence for just the opposite (Lynch 2003; Willson et al. 2007).

What can possibly explain such reversed patterns in China and the United States? We believe
that the answer lies in Chinese society’s unique social, economic, and political configurations.
First, the differences may be due to how lifestyle choices mediate theeffect of SES on health.
In developed countries such as the United States, higher SES groups tend to have healthier
lifestyles, indicated by a healthier diet, more frequent exercise, and a lower prevalence of
excessive smoking and drinking. In developing countries experiencing rapid economic
development, however, the higher SES groups are often more likely to have unhealthy diets
(characterized by higher fat levels and more added sugar), to be obese, to smoke and drink
more, and to be sedentary (Du et al. 2002; Kim et al. 2004; Popkin 1998). With their rising
purchasing power, the socioeconomically advantaged adopt these unhealthy behaviors because
they view these choices as privileges. The most recent cohort (1961 to 1970) in the study is
the first to benefit from China’s economic boom that started in the late 1970s. It is the first
cohort exposed to a Western lifestyle, and they may have adopted some unhealthy behaviors
associated with that lifestyle. For earlier cohorts, this is likely not the case. As a result, this
may explain why the effect of SES on health is stronger for earlier cohorts and weaker for
successive cohorts. That the pattern is more pronounced in the rural versus urban sample may
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also be explained by a stronger positive association between SES, smoking, and drinking in
the rural sample (results not shown).

Second, difference in the cohort effect between China and the United States may reflect
differences in their stages of epidemiologic transition. The United States, along with many
other industrialized societies, is in the advanced stage of the transition (Olshansky and Ault
1986). Despite the recent re-emergence of infectious diseases such as AIDS, chronic and
degenerative diseases have long replaced infectious diseases as the leading causes of death
(Olshansky et al. 1998). By contrast, just three decades ago, China’s epidemiologic
environment had high rates of infectious diseases and early mortality. With strong government
intervention, China has made impressive improvements in public health since the 1950s. Rates
of infectious diseases have declined decisively, accompanied by a rise in chronic diseases,
which accounted for an estimated 80 percent of all deaths in 2005 (L. Wang et al. 2005). This
accelerated model of a health transition clearly has different effects for the different cohorts
included in this study (from pre-1930 to 1961 through 1970). In an earlier stage of the
epidemiologic transition, where the prevalence of chronic diseases is on the rise,
socioeconomic differentials in China are decreasing. In the United States, the SES gap in
mortality rates initially widened when communicable diseases were dominant, with the higher
SES group initially benefiting more from public health improvements. The SES gap then
narrowed as the leading causes of death transitioned from communicable to degenerative
disease, but since the 1960s, the gap has widened again as degenerative diseases declined,
reflecting the diffusion of medical technology and knowledge to the high SES group first
(Feldman et al. 1989; Pappas et al. 1993).

Third, we acknowledge the power of the state in shaping the health trajectories of different
cohorts in China. State government played a pivotal role in accelerating an extraordinarily
rapid decline of mortality within a short period of time (Caldwell 1986). Life expectancy at
birth rose from 41 years in 1950 to 66 years in 1980 (from five years below to five years above
the world average) (United Nations 2005). Such a dramatic increase in life expectancy is largely
attributed to state intervention. Mass public health campaigns since the 1950s included
environmental cleanups, expansion of immunization programs, the establishment of Hygiene
and Anti-Epidemic Stations, and the introduction of barefoot doctors, that is, medical personnel
in rural China with basic training to practice medicine and deal with hygiene matters (Cook
and Dummer 2004). In this study, more recent cohorts born in the 1950s and 1960s, especially
those from rural areas, are unquestionably the beneficiaries of state public-health campaigns.
In other words,state efforts may have leveled the playing field, thereby reducing the SES effect
on health. This may also be why the income gap in health remains constant over the life course
or shows a tendency toward convergence for these cohorts, being most pronounced for the
rural sample.

By the same token, diminished state power may be why we witness a clear divergence in health
trajectories among the earlier cohorts by income. For cohorts who entered old age in the 1990s
and 2000s, access to health care becomes vitally important. While China has experienced
unprecedented growth in its economy and a much improved standard of living, access to health
care has become widely unequal. This is due to the collapse and dysfunction of government
health care and health insurance schemes in both urban and rural areas during market reforms,
when income inequality grew dramatically (Grogan 1995; Hsiao 1995; Zhao 2006). The
weakened role of the state may be another reason for the rural-urban difference seen in a wider
divergence pattern for the pre-1930 cohort.

Compared with urban China’s extensive problems with the health care system after the
economic reforms, rural areas have seen even greater inequality in health care access. Prior to
economic reforms, China achieved remarkable improvement in health for its rural population
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through rural cooperative medical schemes (CMS), which covered over 90 percent of rural
communes in the mid-1970s (Feng et al. 1995; H. Wang et al. 2005). However, since the 1970s,
decollectivization in agricultural production made it impossible for townships and villages to
finance CMS. By the 1990s, CMS covered less than 10 percent of rural residents (Liu et al.
1995). Results from the 2003 National Health Services Survey suggest that over 80 percent of
the rural population had no health care coverage, compared with 40 percent of individuals in
urban areas (Zhao 2006). For rural residents of the cohort that entered old age in the 1990s,
this dramatic growth in unequal access to health care could lead to a more pronounced widening
of the income gap in the age trajectories of health.

The results from our China-based study suggest relatively weaker support for the cumulative
disadvantage theory than is found in U.S. studies. China’s unique position, including rapid
social change and a powerful state government, suggests the importance of societal context in
understanding the theory’s explanatory power. The China–U.S. difference in support for
cumulative disadvantage theory may be due to the fact that more recent cohorts’ life histories
are not yet available in the CHNS data, such that the effects of cumulative disadvantage on
health trajectories become more visible as respondents’ lives unfold andastheyage in
thetwenty-first century. As socioeconomic inequality continues to grow, health disparities in
more recent cohorts will likely closely correspond to China’s increasing social stratification.
At the same time, the Chinese government is currently undertaking major reforms of its health
care and health insurance systems and is under tremendous pressure to meet the demands of
an aging society (Chen and Liu 2009). Does this mean that the state will once again act as a
leveler for health inequality? Although the answer is not easy to predict, it is certain that any
influence exerted by policy changes will have unique effects on an individual’s life course—
a life course shaped by cohort membership and social context.
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Figure 1.
Educational Gap in Predicted Mean Levels of Self-Rated Health by Birth Cohort
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Figure 2.
Educational Gap in Predicted Mean Levels of Self-Rated Health by Birth Cohort and Urban
versus Rural Residence
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Figure 3.
Educational Gap in Predicted Age Trajectories of Self-Rated Health by Birth Cohort

Chen et al. Page 23

Am Sociol Rev. Author manuscript; available in PMC 2010 April 7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Income Gap in Predicted Age Trajectories of Self-Rated Health by Birth Cohort
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