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Abstract

Previous health studies have focused on the correlation between socioeconomic status

(SES) and health. We pooled data from the Chinese Longitudinal Healthy Longevity Survey

(N = 9765) conducted in 2011, and examined the association of SES and health-related

behavior with elderly health in China. The cumulative health disadvantage of the elderly

caused by SES can be relieved by lifelong health-related behavior. In the same SES, the

odds of self-rated health (SRH) as “good,” mini-mental state examination (MMSE) as “not

impaired,” and activities of daily living (ADLs) as “not impaired” among the elderly who exer-

cised regularly, were 46.9%, 28.6%, and 62.3% lower for the elderly who rarely exercised.

The elderly who started doing regular exercise from 30 years old, achieved higher SRH,

ADL, and MMSE scores to some extent. The health improvement advantage for the elderly

who started doing regular exercises after 60 years old, was reduced. However, the odds of

SRH as “good,” MMSE as “not impaired,” and ADLs as “not impaired” were still 3.4%,

12.5%, and 17.8%, respectively, higher than the respondents who never exercised. The

health-related behaviors not only promote elderly health improvement, but its duration has

also been found to be associated with the extent of health improvement.

Introduction

The positive association between elderly health and socioeconomic status (SES) has been

widely documented in the literature [1] and can be summarized into two perspectives: social

causation and health selection [2]. Social causation proposes that the individual health level is

associated with social structure position [3]. Individuals with higher SES possess greater health

advantages than those with lower SES. A superior work and living environment can also

reduce risks of health damage [4]. A high income increases the advantages of medical and ser-

vice access, enabling individuals to cultivate a relatively healthy lifestyle [5, 6]. On the contrary,

health selection deems that health condition is a screening mechanism of social mobility.

Health gaps among different SES groups may be the result of “selection.” Individuals with bet-

ter health conditions may gain higher SES, and individuals with poorer health conditions tend
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to move “downward” to lower social classes. These phenomena expand the health gradients

among different classes, thereby generating health inequality [7, 8].

The health differential caused by SES has been appropriately described and summarized in

empirical studies and review articles [1]. A controversy still exists over the relationships

among SES, health-related behavior, and health. One view is that SES, rather than psychosocial

factors or medical care, is the fundamental cause of health differences [9]. Another view is that

SES and lifestyle preferences independently influence health [10,11,12]. For example, low SES

directly affects health through lack of material resources and indirectly influences health by

contributing to unhealthy behaviors, such as smoking [1]. The healthy difference accumulates

continuously with increased age, finally leading to healthy cumulative disadvantages [13]. The

effect of SES is gradually weakened, and the effect of biological factors is gradually enhanced

and even exceeds SES of old age [14]. Thus, social relationship, social support, and control

ability are reduced gradually until they disappear and no longer causing health difference

[13,15].

Therefore, the elderly health in China cannot be explained on the basis of social causation

or health selection. The purpose of the present study is to examine the association of SES and

health-related behavior with elderly health in China. We explore whether health-related behav-

ior is a mediator of the relation between SES and elderly health.

Theoretical framework

The relation between health and SES has been observed in many countries [16]. The elderly

health level in a country or region is affected by the prevailing social, political, and economic

conditions [13]. China has a distinct political background and a different socioeconomic

development course from developed countries [17]. Therefore, elderly health inequality in

China should be understood through the local social situation. Economic development, demo-

graphic transition, and cultural integration essentially affect the life course of the Chinese [18].

The life course perspective holds that human development and aging are life-long processes.

The SES of different life stages may be related to the elderly health; it is not generated occasion-

ally or randomly, but is related to individual life experiences and behavior. A better under-

standing of the relationships among SES, individual healthy behavior, and health requires a

long-term perspective that fully recognizes how SES and individual healthy behavior can influ-

ence one’s health from birth until death [19].

Elderly health level

A great number of academic researchers have analyzed how social disadvantage can result in

poor health from the perspective of life course [20, 21]. A number of demographic, medical,

and epidemiological studies have provided evidence of linkages between the SES of different

life stages and health in later life [22,23]. Hayward and Gorman found that men’s adult mortal-

ity is associated with their childhood SES [22]. Zeng Yi et al. showed that receiving adequate

medical service during sickness in childhood significantly reduces the impaired risk of activi-

ties of daily living (ADL) and cognitively at the oldest-old ages [24]. They argued that the

lower SES of childhood and adulthood influence the elderly health, explaining the relationship

between SES and health at older ages [25]. The disadvantage of SES leads to health inequality,

and health inequality in old age is the cumulative manifestation of lifelong health inequality.

Socioeconomic status (SES)

SES is increasingly recognized to have long-term effects on health and mortality at older ages

[26,27]. A number of studies have documented significant associations between early-life SES

Socioeconomic status, health-related behaviors and elderly health
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and elderly health [28,29]. The research method suggests that the SES indicators of childhood

include birthplace (rural vs. urban) and childhood family economic status [30]. Moreover, the

SES indicators of adulthood include residence (rural vs. urban) and family economic status

during adulthood.

As part of the early-life conditions, the disease environment is believed to be worst in rural

than in urban areas. Despite vast improvements in public health and sanitary campaigns in

rural areas in the subsequent decades, the negative effects of sanitation on the early health of

life still remain. The previous studies have shown that parental occupations and income are

significantly associated with their children’s health in adulthood. For example, Gilman and

colleagues (2002) found that children from low-income families had nearly a two-fold increase

in the risk of major depression in adulthood compared with those from high-income families

[31]. Beebe-Dimmer et al. (2004) found that childhood conditions in terms of father’s occupa-

tion and education are correlated with a 31-year mortality risk in adult women [32]. Thus,

childhood family economic status is often measured by the primary occupation and education

of the father before 60 years old [33], and the adulthood family economic status is often mea-

sured by the primary occupation, educational background, and financial situation of the

respondent before reaching the age of 60 years old. Educational attainment reflects the oppor-

tunities for survival and health in early life [24]. In the early twentieth-century China, educa-

tional opportunities were limited and only a few people with good SES can pursue education.

Education (i.e., any schooling) and income (i.e., economic independence and living condi-

tions) are robust indicators of the SES resources available to the elderly in China [25]. Thus,

respondents can receive more health benefits if they and their respective fathers pursued edu-

cation [24].

Health-related behavior

Health behavior is significant in improving the health of the elderly. Health behavior is a posi-

tive action by the elderly to prevent disease and maintain health; it includes changing danger-

ous lifestyles, reducing or eliminating health-risk behavior (e.g., smoking, alcohol, and

unhealthy diet), taking active health behavior (e.g., regular exercise and regular physical exami-

nation), and complying with doctors’ recommendations. It is one of the most effective

approaches to control non-communicable diseases and save medical expenses in the elderly.

Many scientific scales are available to measure health behavior and are often used in the

study on elderly health. Smoking, exercise, and diet are associated with health and mortality

[22]. Smoking and alcohol consumption are often selected to represent health damage behav-

ior [6]. Regular exercise is also used to represent health promotion behavior. In the current

study, we only used the three variables, namely, smoking, alcohol consumption, and regular

exercise, to measure health-related behavior.

Current study

The purpose of the present study is to examine the following hypotheses:

1. Childhood SES and adulthood SES are associated with elderly health, and such an associa-

tion is higher for adulthood SES.

2. Health-related behavior mediates the relationship between SES and elderly health.

3. Active health-related behavior, specifically in early life, is associated with improving the

elderly health status and reducing health problems in old age.

Socioeconomic status, health-related behaviors and elderly health
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Methods

Data

The study used the data from the sixth wave of Chinese Longitudinal Healthy Longevity Sur-

vey (CLHLS) conducted in 2011. The CLHLS was initiated to satisfy the requirements of scien-

tific research on the oldest-old. The survey was conducted in 1998, 2000, 2002, 2005, 2008, and

2011. It randomly selected half of the counties/cities in 23 Chinese provinces, the populations

of which constitute approximately 85% of the total population in China [24]. The question-

naire was provided in a retrospective survey. The respondent information, such as age, gender,

educational history, and family economic situations (including childhood, adulthood, and old

age) were repeatedly asked in each wave. The CLHLS data were proven to be valid and reliable,

according to a careful data quality evaluation (i.e., reliability coefficients, factor analysis, rates

of logically inconsistent answers, and mortality follow-up) and assessment of the self-reported

ages of participants [24,34,35]. The sixth wave survey covered a total of 10,191 samples. We

eliminated the respondents younger than 60 years old and the samples with missing key vari-

ables. Finally, 9,765 effective respondents were retained (Table 1).

The CLHLS study was approved by the research ethics committees of Peking University

(IRB00001052-13074). All participants provided written informed consent. No experimental

interventions were performed. All data were fully anonymized before the researchers accessed

them.

Measures

Elderly health. The elderly health was measured by the self-rated health (SRH), ADLs, and

mini-mental state examination (MMSE). The three indicators were commonly used for measur-

ing elderly health. The SRH is a common subjective health measurement index. Previous studies

have shown that it is more accurate in measuring health and risk factors [36,37] and is often

used to evaluate health conditions [2,17,38]. SRH in the questionnaire is divided into five levels,

including very healthy, healthy, acceptable, unhealthy, and very unhealthy. The first three levels

were integrated into “good,” and the remaining two levels were integrated into “poor”.

ADLs were converted into health variables, namely, impaired and not impaired, based on

the previous measurement methods [39]. ADL impairment was considered when the respon-

dent cannot independently fulfill at least one of the following six activities: taking a shower,

dressing oneself, dining, toilet use, indoor activities, and defecation control [40]. MMSE was

converted into two health variables: impaired and not impaired.

MMSE was used to measure the cognitive function of the elderly. The MMSE scale had a

total of 30 scores and covered cognitive functions in terms of positioning ability, attention, cal-

culation ability, memory ability, and language ability. MMSE impairment was recorded when

the total score of respondent was less than 18 [41].

Childhood SES. Birthplace and family economic status were used to measure childhood

SES. Birthplace was divided into rural and urban. The father’s occupation was classified based

on previous research methods, where physical labor was considered low-level occupation and

mental labor was considered high-level occupations [3,42]. This was coded as follows: high-

level occupations, including professional, technical, governmental, institutional, and manage-

rial occupation and industrial, commercial, and military occupation, and low-level occupa-

tions, including employment in agriculture, forestry, animal husbandry, fishing, and

housework. Twenty percent of the fathers of respondents (�60 years old) pursued education.

The educational background of the fathers were coded into two categories, namely, educated

or not.

Socioeconomic status, health-related behaviors and elderly health

PLOS ONE | https://doi.org/10.1371/journal.pone.0204237 September 20, 2018 4 / 14

https://doi.org/10.1371/journal.pone.0204237


Adulthood SES. The place of residence, educational background, primary occupation of

respondents before 60 years old, and current financial situation were used to measure the

adulthood SES. Educational background was divided into two categories, namely, educated or

not because only 43% of the respondents pursued education in the data. The primary occupa-

tion before 60 years old was also divided into low and high levels. Income was used to measure

the financial situation.

Health-related behavior. Two different measures of health-related behavior were used.

First, we coded the variables of health-related behavior dichotomously. Smoking was answer-

able by “Yes” or “No,” according to whether a respondent smoked at the moment. Drinking

Table 1. Descriptive statistics for variables (unweighted).

Variable Percentage Variable Percentage

Health level Has quit smoking before 60 years old 4.34

Activities of daily living (ADL) Never 66.16

Impaired 28.69 Drink (always) 12.52

Not impaired 71.31 Not previously drinking but presently drinking 4.49

Mini-Mental State Examination (MMSE) Temperance after 60 years old 13.08

Impaired 62.46 Temperance before 60 years old 1.34

Not impaired 37.54 Never 68.57

Self-rated health (SRH) Regular Exercise (never)
Good 82.58 Started before 15 2.35

Not good 17.42 Started during 15–29 5.76

SES variables during childhood Started during 30–44 1.43

Primary occupation of father before 60 years old Started during 45–59 4.75

low-level occupations 86.03 Started after 60 31.06

high-level occupations 13.97 Demographic variables

Educational background of father Gender
Educated 15.49 Male 45.04

Not educated 84.51 Female 54.96

Birthplace Nationality
Rural 89.13 Han 86.05

Urban 10.87 Minority 13.95

SES variables during the adult stage Year of Birth
Education background 1942–1951 18.21

Educated 41.7 1932–1941 25.55

Not educated 58.3 1922–1931 27.89

Current place of residence Before 1921 23.92

Rural 52.69 Residential form in adulthood
Urban 47.31 Living with family 79.92

Primary occupation before 60 years old Not living with family 20.08

Low-level occupations 68.8 Marital status in adulthood
High-level occupations 31.2 Married 37.87

Current financial situation Single, widowed and divorced 62.13

Adequate source of income 79.69 Medical service during the childhood
Inadequate source of income 20.31 Receives adequate medical services 35.28

Health-related behaviors Not receives adequate medical services 64.72

Smoking (always) 15.55 Frequent starvation during the childhood
Not previously smoking but presently smoking 2.38 Yes 75.71

Has quit smoking after 60 years old 11.57 No 24.29

https://doi.org/10.1371/journal.pone.0204237.t001
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and regular exercise were also answerable by “Yes” or “No.” Then, to test the cumulative effect,

the variables of smoking, drinking, and regular exercise were re-encoded using multi-categori-

cal measure, according to the time dimension. Smoking was classified as follows: never, quit

smoking before 60 years old, quit smoking after 60 years old, not previously smoking but pres-

ently smoking, and always [4]. Similarly, drinking was classified into never, temperance before

60 years old, temperance after 60 years old, not previously drinking but presently drinking,

and always. Regular exercise was recorded as regular exercise before 15 years old, regular exer-

cise from 15–30 years old, regular exercise from 30–45 years old, regular exercise from 45–60

years, regular exercise after 60 years old, and never.

Demographic and other potential control variables. Participants reported age, gender,

ethnicity, and family-related information. The information included family sanitary condition

in childhood and family support in adulthood. Family sanitary condition in childhood was

measured by the following two variables: whether the elderly received adequate medical ser-

vices during childhood and whether they suffered frequent starvation during childhood [43].

The two factors were used to evaluate the relationship between SES and health status. Zeng

et al. found that receiving adequate medical services during childhood illness was associated

with a significantly lower risk of physical activity limitations, cognitive impairment, and self-

reported poor health at ages 80 and above [25]. Some scholars have used the indicator of suf-

fering frequent starvation in childhood to evaluate nutrition and health status in adulthood

[23]. They believe that these health outcomes were highly significant predictors of mortality

[44]. Family support in adulthood was measured by two variables: living with family (or not)

and marital status.

Statistical analysis

A logistic regression model was constructed through the stepwise addition of independent var-

iables. The Stepwise regression method was used to solve collinearity problem among vari-

ables. After adding a new variable, a statistical test of each variable was added to the equation

to test whether the independent variables that were degenerated into statistical insignificance

should still be included. This test was repeated until no independent variable can be inputted

nor eliminated, thereby obtaining an “optimal” regression equation. The analysis process is

described below.

First, three logistic regression models were constructed to analyze the association between

childhood SES and elderly health.

Second, variables of adulthood SES were added to examine associations with elderly health,

childhood SES, and adulthood SES, and then to determine which had a greater positive rela-

tion on the elderly health.

Third, variables of health-related behavior were added to the model to examine whether

health-related behavior mediated the relationship between SES and elderly health.

Finally, the variables of health-related behavior were divided by time sequence and then

added to the model. We examined whether active health-related behavior, specifically that

which started in early life, are associated with improving the elderly health status and reducing

the health disadvantages in old age.

Results

Table 1 shows that the percentage of SRH as “good” is 82.58% and the percentage of ADLs as

“not impaired” is 71.31%. However, the percentage of MMSE as “not impaired” is only

37.53%, indicating that the mental health of the Chinese elderly is an important problem. For

SES variables during childhood, 86.03% of the respondents were born in rural. Moreover,

Socioeconomic status, health-related behaviors and elderly health
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86.03% of the respondents’ fathers are engaged in low-level occupation and 84.51% of the

respondents’ fathers failed to pursue education. For SES variables during the adult stage,

58.3% of the respondents did not pursue education. The percentage of current “rural” resi-

dents is 52.69%, 68.8% of respondents are engaged in low-level occupations before 60 years

old, and 79.69% of respondents have adequate sources of income.

Relationship between SES and the elderly health

Females presented with significantly poorer health level than males. The odds of SRH as

“good,” MMSE as “not impaired,” and ADLs as “not impaired” are 28.6%, 38.4%, and 16.4%

lower for females than for males, respectively. Although the SRH and MMSE of minorities are

relatively lower than the Han nationality, the odds of ADLs as “not impaired” is 1.762 times

higher than those of Han nationality. Better MMSE and ADLs are achieved in subsequent

birth cohorts.

In the SES variables of childhood, “education” is found to be statistically significant. The

non-educated respondents are less healthy than the educated respondents in old age. The odds

of MMSE as “not impaired” in non-educated respondents are reduced by 46.5%. Family eco-

nomic status during childhood is significantly correlated with MMSE. If the respondents did

not starve frequently during childhood, then the odds of MMSE as “not impaired” increased

by 24.8%.

The relationship between adulthood SES and elderly health became more significant after

adding the SES variables of adulthood. The MMSE and ADLs of married respondents are bet-

ter than those of single, widowed, and divorced individuals. The respondents who engaged in

high-level occupations before 60 years old showed better SRH, higher MMSE, and poorer

ADLs than those engaged in low-level occupations. This finding may be explained by two

aspects. One aspect is the theory of “natural selection”. The respondents who engaged in low-

level occupations and survived in poverty possessed better health originally. Another aspect is

that the judgment based on their low MMSE may be inaccurate. Income in old age is derived

from the accumulation of SES during adulthood. The elderly who possessed an adequate

income to satisfy daily requirements exhibited evident health advantages. The odds of SRH as

“good,” MMSE as “not impaired,” and ADLs as “not impaired” are 71.8%, 32.1%, and 24%

lower, respectively, for the elderly with inadequate incomes. In previous studies, some

researchers agreed that most of the effects of childhood conditions on oldest-old mortality are

indirect [2]. The findings are consistent with the literature. We also concluded that the rela-

tionship between adulthood SES and elderly health is stronger than childhood SES in terms of

the significance level of variables or risk coefficient (Tables 2 and 3).

Association of SES and health-related behavior and their impact on elderly

health

The relationship between SES and the elderly health is altered after adding the health-related

behavior variables. ADLs are unrelated to gender, and SRH is unrelated to education. Health-

related behavior i significantly associated with the elderly health. As a health promotion behav-

ior, “regular exercise” showed significant associations with the elderly health. In the same SES,

for the elderly who exercised rarely, the odds of SRH as “good,” MMSE as “not impaired,” and

ADLs as “not impaired” are 46.9%, 28.6%, and 62.3% lower, respectively, than the elderly who

exercised regularly (Table 4).

Theory of life course suggests that life-long health-related behaviors have a cumulative

effect on elderly health. We analyzed the relationship between health-related behavior duration

and the improvement of elderly health. The variables of health-related behavior were divided

Socioeconomic status, health-related behaviors and elderly health
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by time sequence and added to the model. Results indicate that the significant levels of adult-

hood SES variables are altered to some extent. The relation of residence and primary occupa-

tion before 60 years old with the elderly health is smaller, but the relationship between income

and elderly health is more significant.

The model result show that the respondents with long-term habits of smoking and drinking

have better SRH and ADLs than those who never or have quit such unhealthy habits. Com-

pared with the respondents who always drink, the odds of SRH as “good” and ADLs as “not

impaired” are 61.4% and 58.2% lower for those who never smoked, and 29.4% and 39.3%

lower for those who quit drinking before 60 years old, respectively. Some researchers have also

reported similar conclusions. They confirmed that unhealthy behavior influenced the death

rate to a lower extent among the elderly than among middle-aged individuals and also

explained natural selection theory, which postulates that only the elderly with better health can

continue to maintain unhealthy lifestyles [45]. However, we found that the MMSE impairment

of the elderly with unhealthy behavior is higher. The elderly with unhealthy behavior are more

likely to obtain higher odds of MMSE impairment. The odds of MMSE as “not impaired” are

14.7% higher for those who never drank and 12.4% higher for those who quit drinking before

60 years old, than for respondents who have always been drinking.

The elderly, who started regular exercises earlier in life have evident health advantages and

higher health levels than those of the other groups. The odds of SRH as “good,” ADLs as “not

impaired,” and MMSE as “not impaired” are 118.4%, 48.3%, and 81.9% higher for those who

Table 2. Relationship between childhood SES and the elderly health.

Dependent variables SRH

(Good)

MMSE

(Not Impaired)

ADL

(Not Impaired)

OR SE OR SE OR SE

Control variables

Year of birth (before 1921)

1922–1931 0.729�� 0.069 1.696��� 0.149 2.352��� 0.176

1932–1941 0.679��� 0.065 3.259��� 0.28 5.763��� 0.497

1942–1951 0.753�� 0.082 5.338��� 0.503 9.72��� 1.11

Minority(Han Nationality) 0.642��� 0.08 0.509��� 0.065 1.762��� 0.257

Female (male) 0.714��� 0.052 0.616��� 0.038 0.836� 0.058

Did not receive medical services during childhood (yes) 1.118 0.078 0.950 0.057 0.996 0.067

Did not frequently starved during childhood (frequent) 1.023 0.079 1.248�� 0.081 1.029 0.077

SES variables in childhood

Birthplace: rural (urban) 0.949 0.108 0.812� 0.076 1.164 0.121

Occupation of father: high-level: (low level) 1.097 0.116 1.08 0.093 0.927 0.091

Educational background of father: not educated (educated) 1.108 0.098 0.91 0.067 0.878 0.078

Educational background: not educated (educated) 0.808�� 0.065 0.535��� 0.035 0.928 0.072

LR chi2(11) = 76.00 LR chi2(11) = 1068.16 LR chi2(11) = 818.27

Log likelihood =

–3089.4204

Log likelihood =

–3852.8394

Log likelihood =

–3300.812

Prob> chi2 = 0.0000 Prob> chi2 = 0.0000 Prob> chi2 = 0.0000

Pseudo R2 = 0.0122 Pseudo R2 = 0.1217 Pseudo R2 = 0.1103

Note

�: p<0.05

��: p<0.01

���: p<0.001

https://doi.org/10.1371/journal.pone.0204237.t002
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started regular exercise at 30–44 years old, respectively, than respondents who never exercised.

Thus, starting a healthy lifestyle in the middle age can effectively improve elderly health levels.

Although the health improvement advantage for the aged who started exercises after 60 years

old is reduced, the odds of SRH as “good,” MMSE as “not impaired,” and ADLs as “not

impaired” are still 3.4%, 12.5%, and 17.8% higher, respectively, than the respondents who

never exercised (Table 5).

Discussion

One’s SES in both childhood and adulthood are associated with the elderly health. We find

that the relationship between adulthood SES and the elderly health is more significant than

childhood SES. The occupation level, financial situation, and residential conditions are signifi-

cantly associated with the elderly health. These findings support the previous research conclu-

sions stating that health condition is positively correlated with SES [46].

Table 3. Relationship between SES and the elderly health.

Dependent variables SRH

(Good)

MMSE

(Not Impaired)

ADL

(Not Impaired)

OR SE OR SE OR SE

Control variables

Year of birth (before 1921)

1922–1931 0.792� 0.078 1.683��� 0.150 2.279��� 0.174

1932–1941 0.766� 0.080 3.06��� 0.279 5.417��� 0.510

1942–1951 0.899 0.109 4.926��� 0.506 9.038��� 1.115

Minority (Han Nationality) 0.699�� 0.091 0.532��� 0.069 1.801��� 0.265

Female (male) 0.674��� 0.054 0.67��� 0.043 0.832� 0.062

Marital status: single, widowed, divorced (married) 1.132 0.095 0.783��� 0.053 0.821� 0.065

Residential form: not living with family (living with family) 0.974 0.088 1.071 0.082 1.781��� 0.155

Did not frequently starved during childhood (frequent) 0.974 0.078 1.209�� 0.079 1.033 0.078

Did not receive medical services during childhood (yes) 1.149 0.083 0.958 0.058 0.988 0.067

SES variables during childhood

Birthplace: rural (urban) 1.027 0.125 0.898 0.088 1.039 0.113

Occupation of father: high-level: (low level) 0.989 0.109 0.963 0.086 0.957 0.097

Educational background of father: not educated (educated) 1.08 0.098 0.901 0.067 0.866 0.077

Educational background: not educated (educated) 0.897 0.076 0.585��� 0.039 0.877 0.07

SES variables during adulthood

Current place of residence: urban (rural) 1.057� 0.074 1.035 0.062 0.882 0.058

Occupation before 60 years old: high-level (low level) 1.099� 0.107 1.334��� 0.1 0.761�� 0.066

Financial situation: inadequate (adequate) 0.282��� 0.020 0.679��� 0.047 0.76��� 0.056

LR chi2(11) = 403.66 LR chi2(11) = 1135.48 LR chi2(11) = 885.92

Log likelihood =

–2915.7767

Log likelihood =

–3806.6302

Log likelihood =

–3257.0942

Prob> chi2 = 0.0000 Prob> chi2 = 0.0000 Prob> chi2 = 0.0000

Pseudo R2 = 0.0647 Pseudo R2 = 0.1298 Pseudo R2 = 0.1197

Note:

�: p<0.05

��: p<0.01

���: p<0.001

https://doi.org/10.1371/journal.pone.0204237.t003
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Different opinions exist on whether health differences among the elderly with different SES

are expanding or narrowing in China. We believe that the relationship between SES and the

elderly health can be explained as follows. First, high SES can reduce health risks by improving

the living environments and forming healthy lifestyles, thereby improving the elderly health

level. Second, the respondents who survived poverty and other difficulties may have under-

went natural selection. They originally have stronger physical health than others. However, we

also find that although the elderly with long-term habits of smoking and drinking have better

SRH and ADL scores than those who never or have quit smoking and drinking, the odds of

MMSE impairment remains high.

We also find that health-related behavior are significantly associated with the elderly heath,

and lifelong regular exercises can relieve the cumulative disadvantages of elderly health caused

Table 4. Association of SES and health-related behavior on the elderly health.

Dependent variables SRH

(Good)

MMSE

(Not Impaired)

ADL

(Not Impaired)

OR SE OR SE OR SE

Control variables

Year of birth (before 1921)

1922–1931 0.744�� 0.075 1.611��� 0.146 2.143��� 0.169

1932–1941 0.674��� 0.072 2.872��� 0.267 4.819��� 0.457

1942–1951 0.753� 0.094 4.523��� 0.475 7.804��� 0.991

Minority (Han Nationality) 0.704�� 0.093 0.529��� 0.07 1.834��� 0.275

Female (male) 0.796�� 0.068 0.705��� 0.049 0.962 0.077

Marital status: single, widowed, divorced (married) 1.132 0.096 0.771��� 0.053 0.809� 0.066

Residential form: not live with family(live with family) 0.946 0.087 1.084 0.084 1.851��� 0.166

Did not receive medical services during childhood (yes) 1.16� 0.086 0.968 0.059 1.018 0.072

Did not frequently starved during childhood (frequent) 1.007 0.082 1.228�� 0.081 1.07 0.083

SES variables during childhood

Birthplace: rural (urban) 1.008 0.125 0.879 0.087 1.084 0.121

Occupation of father: high-level: (low level) 0.98 0.11 0.955 0.087 0.953 0.1

Educational background of father: not educated (educated) 1.088 0.101 0.897 0.068 0.888 0.082

Educational background: not educated (educated) 0.929 0.08 0.601��� 0.041 0.919 0.076

SES variables during adulthood

Current place of residence: urban (rural) 1.004 0.072 0.998 0.061 0.829�� 0.056

Occupation before 60 years old: high-level (low level) 1.021 0.102 1.265�� 0.097 0.672��� 0.061

Financial situation: inadequate (adequate) 0.28��� 0.020 0.682��� 0.048 0.781�� 0.062

Health-related behavior

Smoking: No (Yes) 0.784� 0.079 0.971 0.074 0.811� 0.076

Drinking: No (Yes) 0.563��� 0.060 0.749��� 0.056 0.695��� 0.065

Regular exercise: No (Yes) 0.531��� 0.041 0.714��� 0.042 0.377��� 0.027

LR chi2(11) = 515.95 LR chi2(11) = 1165.81 LR chi2(11) = 1095.34

Log likelihood =

–2811.9172

Log likelihood =

–3710.2561

Log likelihood =

–3081.5294

Prob> chi2 = 0.0000 Prob> chi2 = 0.0000 Prob> chi2 = 0.0000

Pseudo R2 = 0.0840 Pseudo R2 = 0.13588 Pseudo R2 = 0.1509

Note

�: p<0.05

��: p<0.01

���: p<0.001

https://doi.org/10.1371/journal.pone.0204237.t004
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Table 5. Association of duration of health-related behavior on the elderly health.

Dependent variables SRH

(Good)

MMSE

(Not Impaired)

ADL

(Not Impaired)

OR SE OR SE OR SE

Control variables

Year of birth (before 1921)

1922–1931 0.784� 0.085 1.733��� 0.174 2.234��� 0.19

1932–1941 0.715�� 0.083 3.108��� 0.323 5.124��� 0.529

1942–1951 0.872 0.12 5.258��� 0.626 1.287��� 1.489

Minority (Han Nationality) 0.625�� 0.092 0.524��� 0.081 1.887��� 0.314

Female (male) 0.694�� 0.074 0.731��� 0.064 0.79� 0.076

Marital status: single, widowed, divorced (married) 1.057 0.101 0.776�� 0.062 0.827� 0.074

Residential form: not live with family(live with family) 0.999 0.102 1.113 0.098 1.959��� 0.195

Did not receive medical services during childhood (yes) 1.153 0.095 1.035 0.073 0.982 0.076

Did not frequently starved during childhood (frequent) 0.989 0.09 1.242�� 0.094 1.054 0.089

SES variables during childhood

Birthplace: rural (urban) 0.958 0.129 0.874 0.096 0.996 0.12

Occupation of father: high-level: (low level) 0.858 0.105 0.956 0.097 0.901 0.102

Educational background of father: not educated (educated) 1.03 0.107 0.939 0.081 0.88 0.088

Educational background: not educated (educated) 0.948 0.092 0.557��� 0.044 0.882 0.08

SES variables during adult stage

Current place of residence: urban (rural) 1.026 0.083 0.896 0.064 0.812�� 0.061

Occupation before 60 years old: high-level (low level) 1.104 0.125 1.258� 0.114 0.748�� 0.076

Financial situation: inadequate (adequate) 0.268��� 0.021 0.647��� 0.052 0.709��� 0.059

Health-related behavior

Smoking (always)

Previously not smoking but presently smoking 1.238 0.216 1.032� 0.215 1.508 0.328

Has quit before 60 0.684� 0.101 1.121� 0.009 0.795 0.157

Has quit after 60 0.844 0.013 1.045� 0.048 0.21�� 0.085

Never 0.349 0.111 1.691�� 0.018 0.873 0.108

Drinking (always)

Previously not drinking but presently drinking 1.169 0.22 1.008 0.171 1.343 0.18

Has quit before 60 0.706��� 0.073 1.124� 0.013 0.607�� 0.092

Has quit after 60 0.801��� 0.025 1.253 0.371 0.937�� 0.132

Never 0.386��� 0.085 1.147�� 0.008 0.418�� 0.086

Regular Exercise (never)

Started before 15 1.417 0.258 1.513� 0.164 1.942��� 0.348

Started during 15–29 1.154 0.181 1.402�� 0.179 1.203 0.176

Started during 30–44 2.184� 0.797 1.483� 0.118 1.819� 0.545

Started during 45–59 1.129 0.119 1.301� 0.306 1.175 0.127

Started after 60 1.034�� 0.21 1.125��� 0.159 1.178� 0.143

LR chi2(11) = 398.17 LR chi2(11) = 945.79 LR chi2(11) = 841.92

Log likelihood =

–2274.0446

Log likelihood =

–2945.79

Log likelihood =

–2568.6822

Prob> chi2 = 0.0000 Prob> chi2 = 0.0000 Prob> chi2 = 0.0000

Pseudo R2 = 0.0805 Pseudo R2 = 0.1420 Pseudo R2 = 0.1408

Note

�: p<0.05

��: p<0.01

���: p<0.001

https://doi.org/10.1371/journal.pone.0204237.t005
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by SES. The relationship between SES and elderly health is weakened after the health-related

behavior is added in the model, thereby indicating that health-related behavior mediates the

relationship between SES and the elderly health. This finding can be explained from the fol-

lowing two aspects. First, people with high SES have stronger motivation to perform health-

related behaviors. Second, individuals with high SES have better abilities to maintain healthy

lifestyles, especially financial support, when they are young. The health-related behavior can

reduce health risks throughout life, thereby improving the health level in old age.

The elderly health disadvantage caused by SES can be mediated by health-related behavior.

Active health-related behavior, specifically starting early in life, is significantly associated with

improving the elderly health status and reducing the health disadvantages in old age. The

health-related behavior cannot only promote elderly health improvement, but its duration can

also be related to the extent of health improvement. Performing health-related behaviors from

the middle age can improve SRH, ADLs, and MMSE significantly. Furthermore, the cumula-

tive health disadvantage at the old-age stage caused by SES can be relieved by lifelong health-

related behavior.

This study also has limitations. The data used only covered the respondents who were alive

at the time of the six-wave investigation in 2011, but excluded the elderly who already died

before this year. The death information, which may exhibit completely different health features

from the respondents surveyed, remains unknown. Thus, the conclusions may only apply to

the elderly, who survived after “natural selection”.

Conclusions

Childhood SES and adulthood SES are associated with elderly health; the association is higher

for adulthood SES. The cumulative health disadvantage in the old-age stage caused by SES can

be mediated by health-related behaviors. Such behaviors not only promote elderly health

improvement, but its duration also affects the extent of health improvement. Active health-

related behavior in early life is associated with improving elderly health and reducing the

health disadvantages in old age.

Author Contributions

Conceptualization: Fubaihui Wang, Kaigang Li, Xu Wen.

Data curation: Fubaihui Wang, Qingkai Zhen, Xu Wen.

Formal analysis: Fubaihui Wang, Qingkai Zhen, Kaigang Li, Xu Wen.

Methodology: Qingkai Zhen, Kaigang Li, Xu Wen.

References
1. Pampel FC, and Richard GR. Socioeconomic Status, Smoking, and Health: A Test of Competing Theo-

ries of Cumulative Advantage. Journal of Health and Social Behavior. 2004, 45(3):306–321. https://doi.

org/10.1177/002214650404500305 PMID: 15595509

2. Elstad JI,Krokstad S. Social causation, health-selective mobility, and the reproduction of socioeconomic

health inequalities over time: panel study of adult men. Social Science and Medicine. 2003, 57

(8):1475–1489. PMID: 12927477

3. Dahl E. Social mobility and health: cause or effect? BMJ. 1996, 313(7055):435–436. PMID: 8776298

4. Rahkonen O,Lahelma E,Huuhka M. Past or present? Childhood living conditions and current socioeco-

nomic status as determinants of adult health. Social Science and Medicine. 1997, 44(3):327–336.

PMID: 9004368

Socioeconomic status, health-related behaviors and elderly health

PLOS ONE | https://doi.org/10.1371/journal.pone.0204237 September 20, 2018 12 / 14

https://doi.org/10.1177/002214650404500305
https://doi.org/10.1177/002214650404500305
http://www.ncbi.nlm.nih.gov/pubmed/15595509
http://www.ncbi.nlm.nih.gov/pubmed/12927477
http://www.ncbi.nlm.nih.gov/pubmed/8776298
http://www.ncbi.nlm.nih.gov/pubmed/9004368
https://doi.org/10.1371/journal.pone.0204237


5. Atal S, Cheng C. Socioeconomic health disparities revisited: coping flexibility enhances health-related

quality of life for individuals low in socioeconomic status. Health and Quality of Life Outcomes. 2016, 14

(1):7.

6. Schollgen I, Huxhold O, Tesch-Romer C. Socioeconomic status and health in the second half of life:

findings from the German ageing survey. European Journal of Ageing. 2010, 7(1):17–28. https://doi.

org/10.1007/s10433-010-0140-x PMID: 20208977

7. Jiao K. A study of the influential factors for health inequality. The Journal of Chinese Sociology. 2016, 3

(1):5.

8. West P. Rethinking the health selection explanation for health inequalities. Social Science and Medi-

cine. 1991, 32(4):373–384. PMID: 2024152

9. Williams DR. Socioeconomic Differentials in Health: A Review and Redirection. Social Psychology

Quarterly. 1990, 53(2):81–99.

10. Adler NE., Boyce T, Chesney MA, Cohen S, Folkman S, Kahn RL, et al. Socioeconomic Status and

Health: The Challenge of the Gradient. American Psychologist. 1994, 49:15–24. PMID: 8122813

11. Ross CE, Wu CL. The Links between Education and Health. American Sociological Review. 1995,

60:719–745.

12. Schrijvers CT, Stronks K, Mheen HDVD, Mackenbach JP. Explaining Educational Differences in Mortal-

ity: The Role of Behavioral and Material Factors. American Journal of Public Health. 1999, 89:535–540.

PMID: 10191797

13. Liu X, Wong H. The reform of the medical welfare system and health equity for the elderly in china: a

study in Zhejiang. The Journal of Chinese Sociology. 2016, 3(1):6.

14. Mirowsky J, Ross CE. Education and self-rated health. Research on Aging. 2008, 30(1):93–122.

15. House JS, Lepkowski JM, Kinney AM, Mero RP, Kessler RC, Herzog AR. The social stratification of

aging and health. Journal of Health and Social Behavior. 1994, 35(3):213–234. PMID: 7983335

16. Deaton AS. Health, Inequality, and Economic Development. Journal of Economic Literature. 2003, 41

(1):113–158.

17. Kim JH, Yoo KB, Park EC, Lee SG, Kim TH. Combined effects of education level and perceived social

class on SRH and life satisfaction: Results of Korean labor and income panel study wave8-wave 15.

Health and Quality of Life Outcomes. 2015, 13(1):178.

18. Miao J, Wu X. Urbanization, socioeconomic status and health disparity in china. Health and Place.

2016, 42(Supplement C):87–95.

19. Alwin DF, Wray LA. A life-span developmental perspective on social status and health. Journal of Ger-

ontology. 2005, 60B(Special Issue II):7–14.

20. Graham H. Building on inter disciplinary science of health inequalities: the example of lifecourse

research. Soc Sci Med. 2002, 55:2005–2016. PMID: 12406467

21. Mackenbach JP, Howden-Champan P. New perspectives on socioeconomic inequalities in health. Per-

spective in Biology & Medicine. 2003, 46:428–444.

22. Hayward MD, Gorman BK. The Long Arm of Childhood: The Influence of Early-Life Social Conditions

on Men’s Mortality. Demography. 2004, 41:87–107. PMID: 15074126

23. O’Rand AM, Hamil-Luker J. Processes of Cumulative Adversity: Childhood Disad vantage and

Increased Risk of Heart Attack A cross the Life Course. Journals of Gerontology: Psychological Sci-

ences & Social Sciences. 2005, 60(2):117–124.

24. Zeng Y, Gu D, Land KC. The association of childhood socioeconomic conditions with healthy longevity

at the oldest-old ages in china. Demography. 2007, 44(3):497–518. PMID: 17913008

25. Wen M, Gu D. The Effects of childhood, adult, and community socioeconomic conditions on health and

mortality among older adults in China. Demography. 2011, 48(1):153–181. https://doi.org/10.1007/

s13524-010-0003-2 PMID: 21394657

26. Everson-Rose SA, Mendes de Leon CF, Bienias JL, Wilson RS, Evans DA. Early life conditions and

cognitive functioning in later life. American Journal of Epidemiology. 2003, 158:1083–1089. PMID:

14630604

27. Moody-Ayers S, Lindquist K, Sen S, Covinsky KE. Childhood social and economic well-being and health

in older age. American Journal of Epidemiology. 2007, 166:1059–1067. https://doi.org/10.1093/aje/

kwm185 PMID: 17720682

28. Haas SA. The long-term effects of poor childhood health: an assessment and application of retrospec-

tive reports. Demography. 2007, 44(1):113–135. PMID: 17461339

29. Laaksonen M, Rahkonen O, Martikainen P, Lahelma E. Socioeconomic position and Self-rated health:

the contribution of childhood socioeconomic circumstances, adult socioeconomic status, and material

Socioeconomic status, health-related behaviors and elderly health

PLOS ONE | https://doi.org/10.1371/journal.pone.0204237 September 20, 2018 13 / 14

https://doi.org/10.1007/s10433-010-0140-x
https://doi.org/10.1007/s10433-010-0140-x
http://www.ncbi.nlm.nih.gov/pubmed/20208977
http://www.ncbi.nlm.nih.gov/pubmed/2024152
http://www.ncbi.nlm.nih.gov/pubmed/8122813
http://www.ncbi.nlm.nih.gov/pubmed/10191797
http://www.ncbi.nlm.nih.gov/pubmed/7983335
http://www.ncbi.nlm.nih.gov/pubmed/12406467
http://www.ncbi.nlm.nih.gov/pubmed/15074126
http://www.ncbi.nlm.nih.gov/pubmed/17913008
https://doi.org/10.1007/s13524-010-0003-2
https://doi.org/10.1007/s13524-010-0003-2
http://www.ncbi.nlm.nih.gov/pubmed/21394657
http://www.ncbi.nlm.nih.gov/pubmed/14630604
https://doi.org/10.1093/aje/kwm185
https://doi.org/10.1093/aje/kwm185
http://www.ncbi.nlm.nih.gov/pubmed/17720682
http://www.ncbi.nlm.nih.gov/pubmed/17461339
https://doi.org/10.1371/journal.pone.0204237


resources. American Journal of Public Health. 2005, 95(8):1403–1409. https://doi.org/10.2105/AJPH.

2004.047969 PMID: 16006419

30. Zeng Y, Vaupel JW, Xiao Z, Zhang C, Liu Y. Sociodemographic and health profiles of the oldest old in

china. Population and Development Review. 2002, 28(2):251–273.

31. Gilman SE,Kawachi L, Fitzmaurice GM, Buka SL. Socioeconomic status in childhood and the lifetime

risk of major depression. International Journal of Epidemiology. 2002, 31.

32. Beebe-Dimmer J, Lynch JW, Turrell G, Lustgarten S, Raghunathan T, Kaplan GA. Childhood and Adult

Socioeconomic Conditions and 31-Year Mortality Risk in Women. American Journal of Epidemiology.

2004, 159:481–90. PMID: 14977644

33. VandeMheen H,Stronks K, MJ Looman CW. Does childhood socioeconomic status influence adult

health through behavioural factors? International Journal of Epidemiology. 1998, 27(3):431–437. PMID:

9698131

34. Zeng Y, Gu D, George LK. Association of religious participation with mortality among older Chinese

adults. Research on Aging. 2010, 33(1):51–83.

35. Zeng Y, Gu DN, Purser J, Hoenig H, Christakis N. Associations of Environmental Factors with Elderly

Health and Mortality in China. American Journal of Public Health. 2010, 100(2):298–305. https://doi.org/

10.2105/AJPH.2008.154971 PMID: 20019314

36. Jylh¨a M. What is self-rated health and why does it predict mortality? towards a unified conceptual

model. Social Science and Medicine. 2009, 69(3):307–316. https://doi.org/10.1016/j.socscimed.2009.

05.013 PMID: 19520474

37. Scott WK, Macera CA, Cornman CB, Sharpe PA. Functional health status as a predictor of mortality in

men and women over 65. Journal of Clinical Epidemiology. 1997, 50(3):291–296. PMID: 9120528

38. Xu J, Zhang JH, Feng L, Qiu JC. Self-rated health of population in southern china: association with

socio-demographic characteristics measured with multiple-item self-rated health measurement scale.

BMC Public Health. 2010, 10(1):393.

39. Su YP, Chang CK, Hayes RD, Perera G, Broadbent M, Hotopf MDT, et al. Mini-mental state examina-

tion as a predictor of mortality among older people referred to secondary mental healthcare. PLoS One.

2014, 9(9): e105312. https://doi.org/10.1371/journal.pone.0105312 PMID: 25184819

40. Demakakos P, Nazroo J, Breeze E, Marmot M. Socioeconomic status and health: The role of subjective

social status. Social Science and Medicine. 2008, 67(2):330–340. https://doi.org/10.1016/j.socscimed.

2008.03.038 PMID: 18440111

41. Kulminski AM, Ukraintseva SV, Kulminskaya IV, Arbeev KG, Land K, Yashin A. Cumulative deficits bet-

ter characterize susceptibility to death in the elderly than phenotypic frailty: Lessons from the Cardiovas-

cular Health Study. Journal of the American Geriatrics Society,2008, 56(5): 898–903. https://doi.org/10.

1111/j.1532-5415.2008.01656.x PMID: 18363679

42. Elo IT, Preston SH. Effect of early life conditions on adult mortality: A review. Population Index. 1992,

58(2):186–212. PMID: 12285320

43. Nancy R, Hooyman HAK. Social gerontology: A multidisciplinary perspective. Allyn and Bacon, 2011.

44. Cheng H, Irma T Elo. Mortality of the Oldest Old Chinese: The Role of Early-life Nutritional Status,

Socio-economic Conditions, and Sibling Sex-composition. Population Studies. 2009, 63(1):7–20.

https://doi.org/10.1080/00324720802626921 PMID: 19184718

45. Frisher M, Mendon ca M, Shelton N, Pikhart H, de Oliveira C, Holdsworth C. Is alcohol consumption in

older adults associated with poor self-rated health? cross-sectional and longitudinal analyses from the

English Longitudinal study of ageing. BMC Public Health. 2015, 15(1):703.

46. Cohen S, Janicki-Deverts D, Chen E, Matthews KA. Childhood socioeconomic status and adult health.

Annals of the New York Academy of Sciences. 2010, 1186:37–55. https://doi.org/10.1111/j.1749-6632.

2009.05334.x PMID: 20201867

Socioeconomic status, health-related behaviors and elderly health

PLOS ONE | https://doi.org/10.1371/journal.pone.0204237 September 20, 2018 14 / 14

https://doi.org/10.2105/AJPH.2004.047969
https://doi.org/10.2105/AJPH.2004.047969
http://www.ncbi.nlm.nih.gov/pubmed/16006419
http://www.ncbi.nlm.nih.gov/pubmed/14977644
http://www.ncbi.nlm.nih.gov/pubmed/9698131
https://doi.org/10.2105/AJPH.2008.154971
https://doi.org/10.2105/AJPH.2008.154971
http://www.ncbi.nlm.nih.gov/pubmed/20019314
https://doi.org/10.1016/j.socscimed.2009.05.013
https://doi.org/10.1016/j.socscimed.2009.05.013
http://www.ncbi.nlm.nih.gov/pubmed/19520474
http://www.ncbi.nlm.nih.gov/pubmed/9120528
https://doi.org/10.1371/journal.pone.0105312
http://www.ncbi.nlm.nih.gov/pubmed/25184819
https://doi.org/10.1016/j.socscimed.2008.03.038
https://doi.org/10.1016/j.socscimed.2008.03.038
http://www.ncbi.nlm.nih.gov/pubmed/18440111
https://doi.org/10.1111/j.1532-5415.2008.01656.x
https://doi.org/10.1111/j.1532-5415.2008.01656.x
http://www.ncbi.nlm.nih.gov/pubmed/18363679
http://www.ncbi.nlm.nih.gov/pubmed/12285320
https://doi.org/10.1080/00324720802626921
http://www.ncbi.nlm.nih.gov/pubmed/19184718
https://doi.org/10.1111/j.1749-6632.2009.05334.x
https://doi.org/10.1111/j.1749-6632.2009.05334.x
http://www.ncbi.nlm.nih.gov/pubmed/20201867
https://doi.org/10.1371/journal.pone.0204237

