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Abstract
Objectives:  Determinants of mortality may depend on the time and place where they are examined. China provides an im-
portant context in which to study the determinants of mortality at older ages because of its unique social, economic, and 
epidemiological circumstances. This study uses a nationally representative sample of persons in China to determine how 
socioeconomic characteristics, early-life conditions, biological and physical functioning, and disease burden predict 4-year 
mortality after age 60.
Methods:  We used data from the China Health and Retirement Longitudinal Study. We employed a series of Cox propor-
tional hazard models based on exact survival time to predict 4-year all-cause mortality between the 2011 baseline interview 
and the 2015 interview.
Results:  We found that rural residence, poor physical functioning ability, uncontrolled hypertension, diabetes, cancer, a 
high level of systemic inflammation, and poor kidney functioning are strong predictors of mortality among older Chinese.
Discussion:  The results show that the objectively measured indicators of physical functioning and biomarkers are in-
dependent and strong predictors of mortality risk after accounting for several additional self-reported health measures, 
confirming the value of incorporating biological and performance measurements in population health surveys to help un-
derstand health changes and aging processes that lead to mortality. This study also highlights the importance of social and 
historical context in the study of old-age mortality.

Keywords:   China Health and Retirement Longitudinal Study (CHARLS), Death and dying, Life course analysis, Socioeconomic status
  

Mortality at older ages is affected by individual-level 
characteristics as well as the social, economic, epidemi-
ological, and political contexts to which a person has 
been exposed. A large body of research in Western devel-
oped settings has yielded insights into the relationship of 

mortality to numerous demographic, social, biological, 
behavioral, and environmental factors (Cooper et  al., 
2010; Fried et al., 1998; Rogers et al., 2010; Sasaki et al., 
2007; Turra et  al., 2005). However, these findings may 
not directly translate to developing countries. Although 
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chronic diseases have become the leading causes of death 
in China (He et  al., 2005; Yang et  al., 2008; M. Zhou 
et al., 2019), China’s unique cultural, social, economic, 
and epidemiological contexts and the social patterns 
of behavioral risk factors that are different from those 
in developed countries may indicate unique determin-
ants of mortality among the current cohort of the aging 
Chinese population. This study used data from the 2011–
2015 China Health and Retirement Longitudinal Study 
(CHARLS) to understand the important links of mor-
tality to socioeconomic characteristics, disease burden, 
and biological and physical functioning. Identifying the 
critical factors that contribute to mortality among older 
Chinese will help identify priorities and targets of public 
health programs and potential interventions; therefore, it 
is critical for achieving healthy aging in China.

Background

Multidimensional Health Measures as 
Predictors of Mortality at Older Ages

Mortality at older ages generally results from health de-
terioration that typically is initiated by physiological 
dysregulation followed by diagnoses of diseases and con-
ditions and then by loss of physical functioning (Crimmins 
et al., 2010). A vast literature has investigated the relation-
ships between a broad spectrum of risk factors and sub-
sequent mortality risk. A  general although not universal 
finding is that individuals with higher socioeconomic status 
(SES) have lower mortality risk than those with lower SES, 
although the gradients vary across time, subpopulations, 
and populations (Hayward et al., 2015; Rosero-Bixby & 
Dow, 2009; Sudharsanan et al., 2020). The higher rate of 
male mortality compared to female mortality is largely due 
to greater vulnerability to cardiovascular disease and rela-
tively greater prevalence of smoking behaviors among men 
than women (Crimmins et al., 2019; Rogers et al., 2010). 
Beyond sociodemographic factors, many studies have iden-
tified important links between multiple indicators of the 
morbidity process and mortality. For example, disability 
in activities of daily living, instrumental activities of daily 
living, and functional impairments are strongly predictive 
of subsequent mortality (Majer et al., 2011; Reuben et al., 
1992; Studenski, 2011). Also, performance-based measures 
of physical and organ-specific functional indicators, such 
as walking speed, handgrip strength, lung function, as well 
as serum creatinine and cystatin C (indicators of kidney 
function), are found to be strong independent predictors 
of mortality in older adults (Rosero-Bixby & Dow, 2012). 
Some studies have reported associations between excess 
mortality risk and major chronic diseases, including hyper-
tension (Lewington et al., 2016), diabetes (Morgan et al., 
2000), and chronic kidney disease (Tonelli et al., 2006; Wen 
et al., 2008). The effect of chronic diseases on mortality risk 
is affected by treatment (Bonneux, 2011) and is dependent 

on the sociodemographic group, time period examined, 
and location (Lee et al., 2008; Zang et al., 2021).

In recent decades, much research has incorporated 
measured biological indicators across physiological sys-
tems into models of mortality. These biomarkers can 
signal physiological dysregulation that precedes diseases 
and functioning loss and therefore can help uncover the 
underlying mechanisms through which social, behavioral, 
and environmental factors have consequences for health 
and more effectively model the process of health changes 
that lead to mortality (Crimmins et  al., 2010; Crimmins 
& Vasunilashorn, 2011; Turra et al., 2005). In population 
studies of older adults, C-reactive protein (CRP), the most 
commonly collected marker of the general systemic level of 
inflammation, has been linked to elevated mortality (Harris 
et  al., 1999; Strandberg & Tilvis, 2000), while the rela-
tionships between mortality and blood pressure, choles-
terol, and triglycerides are less clear, especially at advanced 
ages (Bundy et al., 2017; Cooney et al., 2009; Criqui et al., 
1993; Lv et  al., 2015, 2018; Ravindrarajah et  al., 2017; 
Ravnskov et al., 2016). Because measured biological indi-
cators and physical assessments can provide warning signs 
of deteriorating health and functioning, they can be valu-
able tools for assessing health risks and identifying vulner-
able older adults (Ailshire & Crimmins, 2011; Crimmins & 
Vasunilashorn, 2011).

The process of health deterioration is affected sub-
stantially by sociodemographic, behavioral, and environ-
mental factors, resulting in variability in the links between 
health indicators and mortality across populations and 
subpopulations. Goldman et al. (2016) in a multinational 
study evaluated a wide range of mortality predictors. 
They found that disability, mobility limitations, CRP, and 
performance-based measures of physical function are 
among the top predictors of mortality in all countries. They 
also found some cross-country variations in the relative ef-
fect of health measures on mortality. For example, HbA1c 
is a strong predictor of mortality in Costa Rica but not in 
England, Taiwan, or the United States; and diastolic blood 
pressure (DBP) is a critical mortality predictor in Taiwan 
but not in other countries. In the U.S. population, Goldman 
et  al. (2017) found substantial variation in the links be-
tween health measures and mortality across demographic 
groups, most notably by race and ethnicity. Andrasfay 
and Goldman (2020) found that, among older Americans, 
physical functioning limitations are less strongly associated 
with mortality for African Americans and Hispanics than 
for Whites.

The Chinese Context

There are compelling reasons to expect the determinants 
of mortality to be somewhat unique in the Chinese con-
text. First, the link between SES and mortality depends on 
the SES patterns of psychosocial, behavioral, and resource 
factors as well as environmental exposure. Contrary to 
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patterns in Western developed countries where higher SES 
is associated consistently with fewer behavioral risk factors 
and better health, studies from developing countries gen-
erally indicate that obesity and cardiometabolic diseases 
are more prevalent among higher SES groups, because in-
dividuals with high SES are the first to adopt unhealthy be-
haviors, such as smoking, drinking, and diets that are rich 
in fat, sugar, and refined carbohydrates (Caballero, 2007; 
Dinsa et  al., 2012; Mayén et  al., 2014; Miranda et  al., 
2019; Popkin, 2001). Jones-Smith et al. (2011) used data 
from 37 developing countries between 1989 and 2007 to 
assess within-country trends in SES patterns of overweight. 
They found an association between higher SES and higher 
gains in overweight prevalence in 27 of the 37 countries. 
However, high-SES individuals also have greater financial, 
psychosocial, and medical resources that may lead to im-
provements in many downstream adverse health outcomes, 
such as poor cognitive and physical functioning, disabil-
ities, chronic conditions, and mortality (Karlamangla et al., 
2010; Link & Phelan, 1995; Lowry et al., 1996; Marmot, 
2005; Stringhini et al., 2018). In addition, from a life course 
perspective, the current cohort of older Chinese was born 
and lived their early lives at a time when extreme poverty, 
inadequate sanitation, poor hygiene, and infectious dis-
eases were prevalent and mortality among the young was 
very high. These life experiences differ from those in the de-
veloped world. When examining an older population that 
represents a select group of survivors, significant mortality 
selection could affect the association between social factors 
and health and mortality in later life. Thus, we hypothesize 
that the relationship between SES and mortality in China is 
not as strong as in western countries.

Second, urban–rural differences and divisions play a 
further role in producing health inequalities in China. Due 
to China’s long history of discrepancies in terms of devel-
opment, its urban and rural areas differ markedly in their 
physical and social environments. As the official household 
registration system, hukou defines a person’s eligibility for 
social resources and welfare benefits. Generally, the urban 
Chinese population has better education, higher incomes, 
better medical knowledge, and greater access to high-
quality health services than the rural population (Li et al., 
2018; Wu, 2011; Wu & Treiman, 2004; Zhu & Österle, 
2017). Despite the unprecedented scale and pace of ur-
banization in recent decades, China’s hukou-based social 
welfare system sets strict institutional barriers for rural-
to-urban migrants (Cai, 2011), which is likely to result in 
urban–rural differentials in health and mortality in later 
life (Gong et al., 2012; Song & Smith, 2019). In this study, 
we hypothesize that urban residents with urban hukou will 
have significantly lower mortality risks than rural residents.

Third, inadequate access to high-quality and affordable 
health care coupled with low health literacy has led to a 
lack of awareness and deficient management of chronic 
diseases, particularly in the less economically developed re-
gions. A study that involved 1.7 million Chinese found that 

nearly half of the sample had hypertension; however, fewer 
than half of these persons had been diagnosed with the con-
dition, only a third were being treated, and fewer than 8% 
had their blood pressure controlled (Lu et al., 2017). A study 
of diabetes among older Chinese based on the CHARLS 
sample showed that, in 2011–2012, 17.4% of Chinese 
aged 45 years and older had diabetes. Among those with 
diabetes, about 60% were undiagnosed, which represented 
10.3% of the entire Chinese middle-aged and older popula-
tion (Zhao et al., 2016). The prevalence of underdiagnosis 
is much higher in rural and noncoastal areas compared to 
urban areas (Zhao et al., 2016). Poor disease diagnosis and 
management are likely to increase the mortality burden of 
chronic diseases because the diseases that people do not 
know they have and/or are uncontrolled can be especially 
life-threatening. Another concern that arises with low 
health literacy and poor awareness of chronic diseases is 
the lack of accuracy of reporting and comparability across 
individuals and subpopulation groups. In light of this con-
cern, it is important to incorporate measured markers of 
physiological dysregulation and performance assessments 
of physical functioning in the models of mortality predic-
tion, because such markers can serve as objective indica-
tors of health and reflect health conditions that individuals 
may not be able to report (Ailshire & Crimmins, 2011). We 
hypothesize that individuals with measured high biological 
risk and poor physical functioning have an elevated mor-
tality risk.

Gaps in the Literature
Previous research into old-age mortality in the Chinese 
population was focused primarily on socioeconomic dif-
ferences in mortality and provided significant insights into 
important risk factors for mortality. For example, being fe-
male and having urban residence are shown to be associ-
ated with a reduced risk of mortality in old age (Huang & 
Elo, 2009; Wen & Gu, 2011; Yu et al., 1998). Evidence for 
educational differences in mortality is mixed (Luo et  al., 
2015; Sudharsanan et al., 2020; Wen & Gu, 2011; S. Zhou 
et al., 2019; Zhu & Xie, 2007). Poor self-rated health, disa-
bility, frailty, uncontrolled hypertension, diabetes, and poor 
kidney function have been linked to higher mortality risk 
(Bragg et al., 2017; Falk et al., 2017; Gu et al., 2009; Wang 
et al., 2018; Yu et al., 1998). Chronic respiratory diseases 
also present a substantial health burden. It is estimated that 
chronic obstructive pulmonary disease and lung cancer 
have become the third and fourth most common causes of 
mortality in China (M. Zhou et al., 2019).

Due to the availability of data, almost all studies of mor-
tality among older Chinese have focused on a relatively old 
population or used nonrepresentative samples. Wang et  al. 
(2018) used a sample that included only the urban Chinese 
population. Zhu and Xie (2007) and Huang and Elo (2009) 
focused only on the oldest old whereas other studies, that is, 
Luo et al. (2015) and Wen and Gu (2011), included a wider 
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age range; however, their samples consisted primarily of the 
80 and older population. The oldest old are a highly selec-
tive population, and the determinants of mortality could be 
different in the younger old population (Lu et  al., 2017). 
Also, most research that examined the link between health 
and mortality has used a small number of subjective health 
measures that cannot capture multiple aspects of age-related 
health changes and cannot provide objective information for 
a population in which access to health care, knowledge of 
physiological measures of health, and awareness of chronic 
diseases may be limited and differential.

With the goal of examining determinants of mortality in 
the older Chinese population, this study focused on Chinese 
aged 60 and older using data from the nationally repre-
sentative survey, CHARLS. The baseline demographics of 
the CHARLS sample closely match those of the population 
census in 2010 (Zhao et al., 2014). The representativeness 
of the study sample thus makes our results representative of 
the entire older Chinese population. Using the rich health 
data collected in CHARLS, this study conceptualizes health 
as multidimensional, including indicators of physiological 
dysregulation, diagnosis of diseases and conditions, and 
physical functioning measures that capture the process of 
health change with age. Incorporating objectively measured 
indicators of health is of particular importance in China 
where a significant proportion of older Chinese has limited 
access to regular, high-quality health care, and unawareness 
of chronic diseases is common.

Data and Methods
Data come from CHARLS, a nationally representative 
survey of those aged 45 and older in China. The national 
baseline survey was conducted by Peking University from 
June 2011 to March 2012. As described in detail elsewhere 
(Zhao et al., 2014), CHARLS collects detailed information 
about individuals and households through in-depth house-
hold interviews including demographic characteristics, 
health status, health care utilization, physical and cognitive 
functioning, family characteristics, and intergenerational 
relationships. A  set of standardized physical, anthropo-
metric, and blood pressure measurements was collected 
in the home along with the household surveys. Blood was 
collected in a subsequent visit to a township hospital or 
local office of the China Center for Disease Control and 
Prevention. Respondents were asked to fast overnight be-
fore the blood draw, but blood was collected even if the 
respondent had not fasted. Written consent forms were 
obtained from all respondents. The study protocol was ap-
proved by the ethical review committee of Peking University. 
Biomarker weights were created by the CHARLS team to 
correct for both initial nonparticipation in the survey and 
nonparticipation in blood sample collection.

Because the goal of this study is to investigate determin-
ants of mortality in the older Chinese population in which 
chronic diseases are the major causes of death, we restricted 

the age of the participants to 60  years and older. Of the 
7,724 participants aged 60 and older at the initial interview, 
4,176 provided a fasting blood sample and physical assess-
ment. We excluded an additional 311 participants because 
they did not provide information about chronic diseases, did 
not participate in some physical assessments, or did not pro-
vide information about adult SES. The final analytic sample 
consisted of 3,865 persons (Supplementary Appendix Figure 
A). We compared the characteristics of the 3,865 individuals 
in our analytic sample to the 3,859 individuals who were 
excluded from the sample. Advanced age and living in an 
urban area were associated with a greater likelihood of being 
excluded from the final analytic sample. No educational dif-
ferences were observed. Supplementary Appendix Tables A1 
and A2 provide details about sample selection and analysis 
of missing data and loss to follow-up.

Measures

Mortality
CHARLS followed respondents of the 2011 baseline survey 
with interviews in 2013, 2014, and 2015. At each interview 
wave, interviews with earlier respondents were sought. If 
a respondent’s death was reported, the CHARLS team at-
tempted to identify a knowledgeable informant (typically a 
family member) and conducted exit interviews to obtain in-
formation about the death. In this study, we assessed 4-year 
all-cause mortality between the baseline interview and the 
2015 interview. Deaths after 4 years were censored. During 
the 4-year follow-up period, 292 individuals (7.40%) had 
died. Those who had been observed more than once but 
were lost by 2015 were included in the study. The exposure 
time for these individuals was the time from the baseline 
study to their most recent interview.

Social and demographic predictors of mortality.—We in-
cluded age and sex as covariates in all analyses. Age was 
measured in years. Sex was coded as 1 for females and 0 
for males. A three-category variable represented one’s edu-
cational attainment: no formal schooling (reference group), 
primary school, and junior high school and above. We clas-
sified respondents based on their usual residence and offi-
cial hukou registration into two dummy variables: urban 
residency with rural hukou and urban residency with urban 
hukou (with rural residency as the reference group). The 
small percentage (<2%) who lived in rural areas but had 
urban hukou were classified with other rural residents. We 
categorized household per capita expenditure into tertiles. 
We used per capita expenditure instead of income because 
it is a preferred measure of household resources in settings 
such as China where significant economic activity does not 
pass through markets (Deaton, 1997).

Indicators of health as predictors of mortality.—We in-
cluded multiple dimensions of health among the predictors 
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of mortality risk: physical functioning, biomarker indica-
tors of risk, and diagnosis of disease. The assessment of 
physical functioning through performance-based tests was 
an essential component of the evaluation of the physical 
functioning of the CHARLS respondents. In this study, we 
used four performance-based physical functioning meas-
ures that have been shown to be predictive of health out-
comes associated with aging and mortality: grip strength, 
lung function, gait speed, and balance. Grip strength was 
measured using a hand dynamometer. Two measures were 
taken for each hand. Lung function was assessed using 
peak expiratory flow; three measurements were taken at 
30-s intervals. Gait speed (m/s) was measured with a timed 
walk of 2.5 meters, completed twice. For each functioning 
assessment, we took the maximum value as the functioning 
score and classified as poor functioning those participants 
in the worst 25% for each measure and each sex. Balance 
was assessed using the semitandem balance test. Individuals 
who were unable to hold a semitandem stand for 10 sec-
onds were considered as having poor balance. For each as-
sessment, those who were unable to perform the tests, or 
those who did not complete the tests because either they 
or their interviewers thought it was unsafe or because of 
health reasons, were classified as poor functioning.

The biomarker measurements used in this analysis 
were obtained from physical assessments and venous 
blood samples (Zhao et al., 2014). These measurements 
reflect the health of multiple physiological systems, in-
cluding cardiovascular functioning (systolic blood pres-
sure [SBP], DBP, and pulse rate), metabolic functioning 
(HbA1c, plasma glucose, total cholesterol, and triglycer-
ides), kidney functioning (serum creatinine and blood 
urea nitrogen, or BUN), and inflammation (CRP). For 
each biomarker, we devised a dichotomous indicator to 
indicate “high risk” and “not high risk” based on clinical 
cutoff values for high risk (given in Table 1). Those who 
had elevated SBP/DBP were defined as having hyperten-
sion (Lu et  al., 2017), and those who had high HbA1c 
or high plasma glucose were defined as having diabetes 
(Zhao et al., 2016).

CHARLS respondents were asked if they had ever been 
diagnosed with a chronic disease: hypertension, diabetes, 
cancer, chronic lung disease, heart problems, stroke, and/
or kidney disease. The actual prevalence of chronic dis-
eases among older Chinese is believed to be higher than 
reported because of underdiagnosis and/or underreporting 
(Lu et al., 2017; Zhao et al., 2016). Because blood pres-
sure, HbA1c, and plasma glucose were measured in 
CHARLS, we combined measured biomarkers and self-
reported diagnosis to create categories for indicators of 
hypertension (no hypertension, undiagnosed [did not 
report being diagnosed with hypertension but SBP was 
140 mmHg or greater or DBP was 90 mmHg or greater], 
controlled [diagnosed with hypertension but measured 
blood pressure is not at high-risk level], and uncontrolled 

[diagnosed with hypertension and measured blood pres-
sure is at high-risk level]) and diabetes (no diabetes, undi-
agnosed diabetes [not diagnosed with diabetes but HbA1c 
or plasma glucose is at high-risk level], and diagnosed di-
abetes). As a critical behavioral indicator, smoking status 
was also included in the analysis as a predictor of mor-
tality. Because the prevalence of smoking is very high in 
men and low in women in China, we combined gender 
and smoking status to create a four-category variable—
nonsmoking women, smoking women, nonsmoking men, 
and smoking men.

Statistical Analyses

Analyses were weighted using biomarker weights to ac-
count for the complex sample design, nonresponses to the 
household interview, and nonparticipation in the blood col-
lection. We employed a series of Cox proportional hazard 
models based on exact survival time to predict 4-year all-
cause mortality. We examined age, gender, and adult SES 
differences in mortality in Model 1 and successively added 
the multiple indicators of health, that is, physical func-
tioning, chronic diseases, and biomarkers of physiolog-
ical functioning, in Models 2, 3, and 4, respectively and 
then added smoking (Model 5). We also estimated para-
metric survival models (Weibull, Gompertz, and expo-
nential models). All models produced very similar results 
(Supplementary Appendix Table A3).

Results

Sample Description

As given in Table 2, respondents’ ages at baseline ranged 
from 60 to 98  years, with a mean of 68.72. The sample 
was about equally split between men and women. About 

Table 1.  Clinical Cut Points Defining High Risk

Measure High-risk criteria

High systolic blood pressure (SBP) ≥140 mmHg
High diastolic blood pressure (DBP) ≥90 mmHg
Measured high blood pressure SBP ≥140 mmHg and/or 

DBP ≥90 mmHg
High HbA1c ≥6.5%
High fasting glucose ≥126 mg/dL
Measured diabetes HbA1c ≥6.5% and/or 

fasting glucose ≥126 mg/dL
Rapid pulse ≥90 (60 s)
High total cholesterol ≥240 mg/dL
High triglycerides ≥200 mg/dL
High C-reactive protein ≥3 mg/L
High creatinine >1.4 mg/dL
High blood urea nitrogen >20 mg/dL
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55% of the sample did not have any schooling, 55% lived 
in a rural area, about 20% lived in an urban area but still 
had rural hukou, and a quarter lived in an urban area and 
had urban hukou. About 40% of the sample had smoked. 
The percentage with low grip strength, poor lung func-
tion, and slow walking speed was about 25%, as they were 
coded to represent the bottom 25% (before weighting) in 
physical functioning. We included an indicator of missing 
data for the timed walk test because about 3% did not take 
this test. About 47% of the respondents did not have hy-
pertension and 14% had controlled hypertension, that is, 
they had been diagnosed with hypertension but had meas-
ured blood pressure below 140/90 mmHg when blood 
pressure measures were taken in the CHARLS physical 
examination. About 20% had been diagnosed with hyper-
tension and had an average SBP of at least 140 mmHg or 
an average DBP of at least 90 mmHg. Almost 20% of the 
sample had undiagnosed hypertension. Diabetes was found 
in about 20% of the sample, and most participants were 
undiagnosed (7.45% vs. 10.9%). Also, 15.47% reported 
chronic lung disease, and 17.68% reported heart problems. 
The prevalence of reported cancer, stroke, and kidney dis-
ease was low. High CRP levels were found in 22.82% of 
the sample, 18.53% had high BUN levels, 13.93% had 
high triglycerides levels, and 11.11% had high total cho-
lesterol levels. Relatively few individuals had a rapid pulse 
(5.05%) or high creatinine levels (1.51%). Bivariate ana-
lyses revealed significant age, gender, and educational dif-
ferences in mortality; the deceased were more likely to be 
those who had smoked, had hypertension, cancer, chronic 
lung disease, and stroke, were at high risk for physical dys-
function and physiological dysregulation.

Regression Analyses

Table 3 presents hazard ratios (HRs) for mortality. Advanced 
age is associated with higher mortality (HR  =  1.09, p < 
.001). This result is fairly consistent across all models 
(HR = 1.05–1.06, p < .001 in Models 2–5). Men have a 
substantially higher mortality risk than women. Much of 
the gender difference in mortality risk can be attributed to 
smoking (Model 5). The mortality risk for smoking among 
both men and women is 200% higher than for women 
who have never smoked (HR = 2.02 for smoking women, 
HR = 2.25 for smoking men); and the mortality risks for 
nonsmoking men and nonsmoking women are not signif-
icantly different. We also observed some educational dif-
ferences in mortality. Individuals who had junior school 
or higher education had a 30%–40% lower mortality risk 
compared to those without formal schooling, although the 
differences were not statistically significant. Being an urban 
resident with urban hukou is associated with almost 50% 
lower mortality than being a rural resident. We found little 
association between household expenditure and mortality. 
Among the indicators of physical functioning, weak grip 
strength, poor lung function, and poor balance are strongly 
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predictive of mortality. The HR for mortality for those 
with weak grip strength relative to having normal/strong 
grip strength is about 1.5. The HR for mortality for those 
with poor lung function relative to normal lung function 
is around 1.8. Those who failed the balance test showed 
about 70% higher mortality risk than those who passed 
the test. Regarding chronic diseases and conditions, un-
controlled hypertension is related to an about 50% greater 
risk of mortality. Undiagnosed diabetes is associated with 
about 40% higher risk but it is not statistically significant. 
The prevalence of self-reported cancer is very low in China; 
however, the mortality risk for those who reported having 
cancer is almost 4 times that of those who did not report 
cancer. Among the blood-based biomarkers, high CRP and 
high creatinine are consistently predictive of mortality.

Conclusions
This study investigated the links of mortality to socioeco-
nomic characteristics, diseases, and biological and physical 
functioning in the older Chinese population. We began by 
estimating the association between adult SES and mortality 
with age and sex adjusted. We used three indicators (edu-
cation, urban–rural, and household per capita expenditure) 
to represent different dimensions of adult SES. Our results 
show strong urban–rural differentials in the risk of mor-
tality in 4  years. Urban residents with urban hukou had 
about 50% lower mortality risk than those living in rural 
areas. This difference remained after adjusting for educa-
tion, household expenditure, and a variety of health meas-
ures. Our results show strong urban–rural differentials in 
the risk of mortality over 4  years. Urban residents with 
urban hukou had about 50% lower mortality risk than 
those living in rural areas. This difference remained after 
adjusting for education, household expenditure, and a va-
riety of health measures. Urban residents with rural hukou 
also have a lower mortality risk than rural residents, but 
the magnitude of the difference is relatively small and not 
statistically significant. The striking urban–rural differences 
in social, physical, and service environments, coupled with 
the rigid hukou system, have created social divisions and 
stratified individuals’ life experiences and risk exposure, 
leading to inequalities in various aspects of health and mor-
tality. Compared to those who were born and grew up in 
rural areas, those who were born and live in urban areas 
tend to experience fewer hardships and adversities in early 
life, have better nutritional status and health in childhood, 
are more likely to have occupations that offer benefits, 
and have better access to high-quality health care (Gong 
et al., 2012; Song & Smith, 2019, 2021), thereby resulting 
in better health in adulthood and lower mortality risk in 
later life for urban residents with urban hukou. However, 
those who reside in urban areas but do not have urban 
hukou are faced with limited accessible resources and op-
portunities because they are not considered full citizens in 
urban cities and are ineligible for many vital services and 

welfare entitlements associated with an urban hukou (Song 
& Smith, 2019). The deprivations of early life and reduced 
accessibility to urban resources in adult life prevent urban 
residents with rural hukou from experiencing an urban sur-
vival advantage.

We found some educational gradient in mortality risk, 
but these differences are not statistically significant; house-
hold expenditures were not related to mortality risk. These 
findings are generally consistent with our hypotheses and 
the literature about SES and mortality in China and other 
developing countries. Several studies have reported a weak 
or no relationship between economic resources and mor-
tality in other developing countries (Rosero-Bixby & Dow, 
2009; Sudharsanan, 2019). However, the true relationship 
between adult SES and later-life mortality may be more pro-
nounced than the results from the present study and many 
other studies of older adults suggest, given that mortality 
selection is likely to be significant in early life. Individuals 
who had severe adversities in their early years of life and/or 
those with poor childhood health may have died prior to 
this study; therefore, those individuals in the study sample, 
especially the low SES older adults and rural residents, are 
selectively healthier individuals. Another possibility is that 
those individuals who managed to survive hardships could 
have fostered especially strong resilience that protects 
them against the effects of stress, immune dysregulation, 
and disease and contributes to better health in old age and 
longevity (Fagundes et al., 2012; Pruchno & Carr, 2017; 
Taylor et al., 2019). In addition, because severe deprivation 
in early life is linked to lower SES and higher mortality 
risk in adulthood (Johnson & Schoeni, 2011; Neelsen & 
Stratmann, 2011; van den Berg et al., 2009), the association 
between adult SES and mortality would be expected to be 
strongest among those who did not survive long enough to 
be observed in studies of older adults. Taken together, the 
observed SES gradient in mortality in this study is likely to 
be biased toward null. In other words, our results regarding 
the association between adult SES and mortality are thus 
likely to be conservative.

Although not statistically significant at the 5% level, our 
results showed that older adults with junior school educa-
tion have a substantially lower mortality risk than those 
with no formal education. Over recent decades, education 
in China has been expanding rapidly. The enrollment for 
secondary schools increased from about 50% in the 1990s 
to about 90% in the 2010s and the enrollment for tertiary 
schools also has reached more than 50% in the 2010s. As 
the more educated younger cohorts enter old age, mortality 
at older ages in China will likely decline substantially in 
the next decades. However, educational access and quality 
remain uneven between urban and rural areas. Therefore, 
the urban advantage in life expectancy is likely to persist 
or even strengthen in the future. Our study also found that 
smoking is a major predictor for mortality in both men and 
women and controlling for it eliminates the gender differ-
ence in mortality. In China, the prevalence of smoking is 
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high in men and low in women (Liu et  al., 2017); how-
ever, a recent study reported a worrying increase in adoles-
cent smoking in both genders despite smoking-free policies 
being implemented in China (Wang et al., 2019). This trend 
may result in substantial adverse health and mortality con-
sequences in the future.

We also found that uncontrolled blood pressure, di-
abetes, and cancer are associated with higher mortality 
risk. This finding reflects the high chronic disease burden 
and limited awareness, treatment, and control of such 
diseases. Blood pressure measures offer the opportunity 
to identify those with uncontrolled high blood pressure. 
The rise of obesity in younger cohorts has raised critical 
concerns about the consequences of obesity for many 
cardiometabolic conditions for future older cohorts. 
Although the prevalence of cancer reported by respond-
ents is very low, the mortality risk for those diagnosed 
with cancer is almost 400% higher than for individuals 
who did not report cancer diagnosis. The low diagnosis 
rate and substantial mortality risk certainly reflect both 
late diagnosis and poor treatment of cancer—the top 
cause of death in China. Our results indicate that other 
biomarkers, including CRP and creatinine, and objec-
tively measured physical functioning measures (except 
slow walking) are independent and strong predictors of 
mortality risk after accounting for diseases. These findings 
highlight the value of incorporating biological and perfor-
mance measurements in population health surveys. Also, 
it is important to note that the biomarkers and physical 
tests that are predictive of health should be viewed as in-
dicators of health problems or function deterioration, but 
not factors that cause death.

One limitation of the present study is that our analytic 
sample was reduced significantly by nonparticipation in the 
blood sample collection process and physical assessments. 
However, by applying biomarker weights to correct for this 
nonresponse, our analytic sample is representative of mid-
dle-aged and older Chinese adults. In addition, like most 
longitudinal cohort studies, CHARLS suffers from loss to 
follow-up. We conducted additional analyses to examine 
the characteristics of those lost to follow-up and used var-
ious approaches to assess the robustness of our results. The 
results obtained from different models are virtually the 
same. Also, because only 4-year mortality was assessed, 
the number of deaths was relatively small in our sample. 
This may be the reason that our study was unable to de-
tect some statistically significant differences. Despite these 
limitations, our study used a large nationally representative 
sample of middle-aged and older persons to study old-age 
mortality determinants. Although the factors we exam-
ined in this study are intertwined and the results cannot 
be given causal interpretations, identifying major determin-
ants of mortality at old ages can open up opportunities to 
generate future hypotheses in observational and clinical re-
search (Puterman et al., 2020), identify priorities and tar-
gets for public policy and screening, and promote critical 

preventive health behaviors that are important for healthy 
aging in China.
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