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Abstract

This paper examines the extent to which childhood circumstances contribute to health inequality in 

old age and how the contributions may vary across key dimensions of health. We link the China 

Health and Retirement Longitudinal Study (CHARLS) in 2013 and 2015 with its Life History 

Survey in 2014 to quantify health inequality due to childhood circumstances for which they have 

little control. We evaluate comprehensive dimensions of health ranging from cognitive health, 

mental health, physical health, self-rated health to mortality. Our analytic sample includes about 

8,000 Chinese persons age above 60. Using the Shapley value decomposition approach, we first 

show that childhood circumstances may explain 1-23 percent of health inequality in old age across 

multiple health outcomes. Second, while both direct health-related circumstances and indirect 
health-related circumstances contribute significantly to health inequality, the latter tends to be 

more sizable. Our findings support the value of a life course approach in identifying the key 

determinants of health in old age.
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1. INTRODUCTION

Population aging has become an emergent global trend. The number of older persons – those 

aged 60 years or over – has increased substantially in China and the world, from 125.2 

million and 0.61 billion (or both 9.9% of the population) in 2000 to 209.2 million and 0.90 

billion (or 15.2% and 12.3% of the population) in 2015. This growth is projected to 

accelerate in the coming decades, to reach almost 358.1 million and 1.40 billion (or 25.3% 

and 16.5% of the population) by 2030 and nearly 491.5 million and 2.09 billion (or 36.5% 

and 21.5% of the population) by 2050 (United Nations, 2015) in China and the world. 

Healthy aging has become a very important theme for society, especially in China where the 

population ages fast.

As a key component of human capital, strong evidence suggests that the return to health 

investment is the highest in early life (Cunha & Heckman 2009). The WHO Commission on 

the Social Determinants of Health highlights the role of childhood conditions as a primary 

source of unfair health inequality (Marmot et al., 2008). It is therefore important to assess 

the role of childhood circumstances in explaining the widening health gradient (Shen & 

Zeng 2014; Bor, Cohen, & Galea 2017). Growing evidence shows that a wide range of 

childhood circumstances could affect physical, cognitive, and mental health in old age, such 

as family socioeconomic status and parent’s educational attainments (Dahl & Birkelund 

1997; Moody-Ayers et al. 2007; Ramos 2007; Zhang, Gu, & Hayward 2008; Katikireddi 

2016; Gale et al. 2016), nutrition condition in childhood (Palloni et al. 2005; McEniry et al. 

2008), health status in childhood (Sayer et al. 2004; Kuh et al. 2006; Dodds et al. 2012; 

Cooper et al. 2014), parenting skills (Andersson & Stevens 1993; Krause 1998), service 

capacity in the community (Shen 2014), social mobility (Venkataramani et al. 2016), and 

maternal bereavement (Black, Devereux, & Salvanes 2016; Persson & Rossin-Slater 2017). 

This paper aims to assess an array of key circumstances to identify the overall role of 

childhood circumstances on health inequality in old age.

Health inequality prevails in old age, which may originate from both early life circumstances 

and efforts (Thorslund & Lundberg 1994; Rueda, Artazcoz, & Navarro, 2008; Marmot et al. 

2008). Inequality of Opportunity in health (IOP in health, a.k.a. health inequality due to 

circumstances) is beyond the realm of individuals’ choices, whereas individuals should be 

responsible for health inequality due to efforts (Lefranc, Pistolesi, & Trannoy, 2008). Since 

circumstance factors in early life are uncontrollable by the individual, childhood 

circumstances are largely seen as illegitimate sources of health inequalities. On the contrary, 

differences in health status that are due to efforts, such as lifestyle, are often seen as ethically 

justified by individual choice (Roemer & Trannoy 2016). Therefore, the policy implications 

of IOP are that actions should be taken to compensate for health inequality resulting from 

childhood circumstances (Roemer et al. 2003; Rosa-Dias & Jones 2007; Lefranc, Pistolesi, 

& Trannoy 2008; Rosa-Dias 2009; Fleurbaey & Schokkaert 2009; Trannoy et al. 2010).

It is difficult to define the exact set of childhood circumstances that contribute to health 

inequality. This paper classifies a comprehensive set of circumstances into eight domains 

most comparable to existing studies on IOP for income, such as Hufe et al. (2017). 
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Specifically, the circumstances we measured in childhood include war, regional and urban/

rural status, family socioeconomic status, parents’ health status and health behaviors, health 

and nutrition status, relationship with parents, friendship, and access to health care.

Using the mean logarithmic deviation (MLD) approach, this paper quantifies health 

inequality due to childhood circumstances (for which they have little control) that are 

distinguishable from health inequality due to efforts (for which they are responsible). We 

also measure relative contribution by domain of childhood circumstances using the Shapley 

value decomposition approach.

Compared to growing evidence from developed countries (Rosa-Dias 2009; Trannoy et al. 

2010; Bricard et al. 2013; Lazar, 2013; Garcia-Gomez et al. 2014) and developing countries 

(Jusot et al. 2014; Carranza & Hojman 2015; Pal 2015; Barbosa 2016; Fajardo-Gonzalez 

2016), our study may contribute to the literature in four aspects. First, we advance the 

literature on life course epidemiology that has mostly been limited to shorter time periods, 

such as a decade in Simmonds et al. (2015). In contrast, we link individuals’ health 

outcomes at least 50 years apart to provide novel evidence of IOP in health in old age. 

Second, we examine IOP in health using by far the most comprehensive set of health 

measures. This represents an important advance as WHO (2017) defines health as a state of 

complete physical, mental and social well-being, not merely the absence of diseases. In 

contrast, most studies, such as Trannoy et al. (2010) and Bricard et al. (2013), only evaluate 

a very small set of health outcomes. Third, we utilize a well-measured rich set of childhood 

circumstances to address the concern that poor information on childhood circumstances may 

undervalue IOP and therefore mislead policymakers into a false sense of complacency that 

health inequality is largely fair (Kanbur & Wagstaff, 2016). Fourth, we offer novel evidence 

of IOP in health of the Chinese elderly. As a country with the world’s largest aging 

population, IOP in health among Chinese elders should be of much concern.

The remainder of the paper is organized as follows. Section 2 describes the data and 

measurements, and lays out the conceptual framework and analytic strategy. Section 3 

presents our main findings. Section 4 discusses and concludes.

2. DATA AND METHODS

2.1 Data

We match the 2013, 2015 waves of the China Health and Retirement Longitudinal Study 

(CHARLS), a HRS-sister survey, to its 2014 Life History Survey. The merged data set 

enables us to link rich information on individuals’ health status in old age with childhood 

circumstances in a representative sample of older adults in China.

The CHARLS national baseline survey in 2011 represented people aged 45 years or older 

with their spouses totaling 17,708 individuals (living in 10,287 households, 450 villages/

urban communities, 150 county-level units in 28 of China’s 34 provinces).1 The 2013 

follow-up survey successfully tracked 15,770 individuals from the baseline survey, while 

431 individuals died in between the two surveys. The 2013 wave also added 2,834 new 

respondents into the survey, reaching 18,604 individuals. The 2014 life history survey 
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recruited living respondents from both the 2011 baseline survey and the 2013 follow-up 

survey (Hong et al. 2017). The third wave of CHARLS was administered from mid-2015 to 

early 2016 and covered 12,450 households with 21,057 respondents (Strauss et al., 2018).

As shown in Appendix Figure 1, our sample includes 8,466 older adults born before 1953 

and in either 2013 or 2015 waves of CHARLS. We measure their health in old age in 

multiple dimensions, i.e., physical health, self-rated health, cognitive health, mental health, 

and mortality. Average values are taken for health outcomes measured in both the 2013 and 

2015 surveys. Meanwhile, 7,462 older adults in the 2014 CHARLS Life History Survey 

(LHS) have no missing value for any childhood circumstances we include in this study. 

Column 3 displays p-values testing statistical differences between the whole sample 

(Column 1) and the LHS sample with no missing value of childhood circumstances (Column 

2). Reassuringly, most of childhood circumstances show no statistical difference between the 

two samples, especially domains of childhood circumstances that contribute more 

significantly to health inequality in old age.

We attempt to retain the largest possible analytical sample for each health measure in old 

age. Therefore, the number of observations for each estimation vary slightly across health 

outcome measures because of missing data. The analytical sample has a range of 6,258 – 

6,769 individuals, depending on the exact health measures (Appendix Figure 1, sample C1-

C9). As shown in Table 2, we find no distinguishable difference between our analytical 

sample C1-C9 and the whole sample for all childhood circumstance variables in domains of 

regional and urban/rural status, family socioeconomic status, health and nutrition conditions 

in childhood, friendship in childhood, as well as more than half of the variables in the other 

four domains. In other words, childhood circumstances that contribute the most to health 

variations in old age tend to be statistically indifferent between the two samples.

2.2 Measures

Descriptions of all health outcomes are provided in Appendix Table 1. Five dimensions of 

health status were assessed, including physical health, self-rated health, cognitive ability, 

mental health, and mortality. To make better use of panel data to mitigate measurement 

errors, we average over two consecutive waves of survey in 2013 and 2015 for almost all 

health outcomes (except Wscore and mortality), which are merged with the corresponding 

life history surveys in 2014. We take the data on health outcomes in 2013 instead of the 

average value both in 2013 and 2015 when there is missing data in 2015, and take the data 

on health outcomes in 2015 instead when there is missing data in 2013.

1The 150 county-level units were randomly selected using probability proportional to size (PPS) and stratified by region, urban/rural 
and county-level gross domestic product (GDP). Within each county-level unit, three village-level units (villages in rural areas and 
urban communities in urban areas) were randomly selected using PPS as primary sampling units (PSUs). Within each PSU, 80 
dwellings were randomly selected from a complete list of dwelling units generated from a mapping or listing operation, using 
augmented Google Earth maps (Google Inc) along with considerable ground checking. In scenarios with more than one age-eligible 
household in a dwelling unit, one was randomly selected. From this sample for each PSU, the proportion of households with age-
eligible members was determined, as was the proportion of empty residences. From these proportions and an assumed response rate, 
we selected households from our original PSU frame to obtain a target number of 24 age-eligible households per PSU. Thus, the final 
household sample size in a PSU depended on the PSU age-eligibility and empty residence rates. In each household, one person aged 
45 years or older was randomly chosen as the main respondent, and the individual’s spouse was automatically included. On the basis 
of this sampling procedure, 1 or 2 individuals in each household were interviewed depending on the marital status of the main 
respondent.
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Self-rated health is widely used in the literature. We use the question in CHARLS, i.e. 

“Would you say your health is excellent, very good, good, fair, or poor?”. The five options 

are excellent, very good, good, fair, and poor.

Physical health is measured by short physical performance battery (SPPB) and frailty score. 

SPPB is an objective assessment tool to evaluate lower extremity functioning in older 

persons. We calculate the SPPB score involving balance ability, walk speed, and chair stand 

exercise according to Guralnik et al. (1994). Frailty score assesses vulnerability to an array 

of adverse outcomes. We follow the criteria in Fried et al. (2001) to evaluate five 

components of frailty, i.e. weight loss, exhaustion, low physical activity, low grip strength, 

and low walking speed.

Word recall, math score and Wscore are three components of cognitive ability. Word recall, a 

measure of episodic memory, is based on a list of 10 nouns read to the respondent who is 

then asked to recall as many words as possible in any order (Runge, Craig, & Jim 2015). 

Math score, ie Serial 7, measures working memory and is based on a task in which 

respondents are asked to subtract 7 from 100 and to continue subtracting 7 from each 

subsequent number for a total of five times (Ayyagari & Frisvold 2016). Wscore is used to 

standardize adaptive number series test in the 3rd wave of CHARLS in 2015, which 

measures a specific form of fluid intelligence related to quantitative reasoning (Strauss et al., 

2018).

Mental health is measured using a 10-item Center for Epidemiological Studies Depression 

Scale (CES-D) (Radloff 1977). Each item scores from 0 to 3, so the total mental health score 

ranges from 0 to 30, with the higher score corresponding to worse mental health.

Mortality is coded as one for respondents who died between the 2014 life history survey and 

the 2015 follow-up survey, and zero otherwise. Around 3 percent of respondents in the 2014 

life history survey died before the 2015 follow-up survey.

Since there are multi-dimension health outcomes in our study, we first analyze their 

correlation to show the necessity of consider comprehensive measurements on health. 

Appendix Table 2 shows the correlation coefficients (CC) among health outcomes. Since 

memory is the mean of immediate word recall and delayed word recall, the CC between 

Memory and Immediate word recall is 0.934, much higher than 0.6. The absolute values of 

CC between math score and Wscore, Frailty score and Sppb score, Mental health and Self-

rated health, Memory and Wscore are 0.458, 0.451, 0.419, and 0.409, higher than 0.4, but 

less than 0.6. Therefore, it is necessary to use multi-dimension health outcomes to measure 

the comprehensive health status of the elder.

The selection of circumstances variables was guided by the literature. The circumstances 

variables, presented in Table 1, are classified into eight domains: 1) war. Since China 

suffered the Anti-Japanese War, and Civil War during 1930s and 1940s, we used two dummy 

variables “born in the Anti-Japan War era” and “Bom in the Civil War era” to measure any 

overlap with those events in early life.; 2) regional and urban/rural status at birth. The 

economic and social conditions for urban and rural areas were vastly different between 

1930s and 1950s when the respondents were in childhood; 3) family socioeconomic status in 
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childhood, including self-rated family financial status, parental educational attainments, 

political status, and housing conditions; 4) parents’ health status and health behaviors in 

childhood, such as inability to work and/or function, excessive alcohol consumption, and use 

of tobacco products; 5) health and nutritional status in childhood, including self-rated health 

before age 15 and if hunger was experienced; 6) relationship with parents in childhood; 7) 

friendship in childhood; and 8) access to health care in childhood, such as vaccination status 

and type of doctors visited for the first time. The direct health-related circumstances in 

childhood refer to the circumstances directly contributing to health, including domains 4), 5) 

and 8). Domains 1), 2), 3), 6) and 7) are in the category of indirect health-related 

circumstances, which refer to the environments that may only indirectly affect health.

We also evaluated associations between the suggested endogenous childhood circumstances 

(including health status before age 15, family financial status, relationship with parents, and 

neighborhood willingness to help) and health status in old age. We provide the pairwise 

correlations in Appendix Table 3. While most of these childhood circumstances and health 

in old age are significantly correlated at 1% level, their correlation coefficients are small, 

ranging between −0.112 and 0.211.

2.3 Conceptual Framework and Analytic Strategy

The main outcomes of interest in this study are health measures at the individual level. As a 

popular measure of the extent of health inequality, mean logarithmic deviation (MLD) of 

health distribution F, i.e. MLD(F), has been used to measure multiple dimensions of well-

being (Haughton and Khandker 2009; Ferreira and Gignoux 2011; Ferreira and Gignoux 

2013; Hufe et al. 2017; Björklund et al. 2012). It is defined as the mean deviation of lnyi 

from lny. In other words, it measures the average difference between lny and lnyi.

MLD = 1
N ∑

i = 1

N
(lny − lnyi) = lny − lny

where N is the number of individuals, yi is health status of individual i. y is the mean of yi. 

lny is the mean of lnyi.

The logarithmic form comes from a natural case of the generalized entropy, a well-accepted 

family of inequality measures. The logarithmic form has several good features, among them 

the most relevant to us include: 1) it considers aversion to higher health inequality. Given the 

average health outcome y, more unequal health status corresponds to a higher MLD;2 2) the 

logarithmic form enables us to mitigate the possible overinfluence of outlier values.

Let us suppose we have partitioned the population into types of individuals, each type 

corresponding to the set of individuals with the same value of childhood circumstances. 

Each type is characterized by its own health distribution. Let the type distributions be {Ft(y), 

t ϵ T} where T is the set of types, and let type t have frequency ft in the population and mean 

health outcome μt, summarized by the vectors f = f1, …, fT and μ = μ1, …, μT. We can 

construct a hypothetical distribution, denoted by Φ(μ, f), in which all members of each type t 
have the mean health outcome μt of that type. Φ(μ, f) has a cumulative distribution function 

Yan et al. Page 6

J Econ Ageing. Author manuscript; available in PMC 2021 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



that is a step function, with as many steps as types. This is often called the ‘smoothed’ 

distribution of F associated with the typology (f,μ). If Φ(μ, f) were the true health distribution, 

then all health inequality is due to childhood circumstances and none to efforts. The MLD of 

total inequality is decomposable as follows:

MLD(F) = MLD(Φ) + ∑t = 1
T f tMLD(Ft) (1)

MLD can be fully decomposed into inequality due to childhood circumstances MLD(Φ) and 

efforts ∑t = 1
T f tMLD(Ft) (Shorrocks 1980; Shorrocks 2013; Jusot et al. 2013; Wendelspiess 

2014). Therefore, the ratio r measures the extent to which health inequality is due to 

childhood circumstances:

r = MLD(Φ)
MLD(F)

The conceptual model partitions the population into types by value of their childhood 

circumstances and takes as data the type distributions and the aggregate distribution of the 

outcome of interest. This non-parametric approach requires either a very large data set, or a 

small set of types, to ensure meaningful distribution of health outcomes by type. However, a 

richer set of childhood factors in our study requires us to replace the partition of the 

population into a typology by regression analysis. Our regression-based Shapley value 

decomposition approach enables us to estimate the impact of numerous childhood 

circumstances even in the presence of small sample and cell sizes. Following Ferreira and 

Gignoux (2011). The econometric specification is

Yi = αCi + ui

where C is a vector of circumstances variables, Y is a vector of health outcomes in old age, u 

is the error term, and i represents individual i. We construct a parametric estimate of the 

smoothed distribution Φ defined earlier by replacing Y by their predictions:

Y = exp (αCi)

Let Φ be the distribution of estimated Y. In this counterfactual, all individuals with the same 

childhood circumstances have the same Y. Thus, IOP, denoted by r can be rewritten as:

r = MLD({Y})
MLD({Y})

There is high correlation between r and R square of Yi = αCi + ui. R square makes use of 

variance in the measure of IOP (Ferreira & Gignoux 2013). We show the robustness test in 

section 3. To compute the Shapley value decomposition, we first estimate the inequality 

measure for all possible permutations of the circumstance variables. In a second step, the 

average marginal effect of each circumstance variable on the measure of IOP is computed 
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(Juarez & Soloaga, 2014). This procedure is very computationally intensive as 2K (K= 

number of circumstances) must be computed. However, there are substantial advantages 

compared to other decomposition methods, such as being order independent, meaning that 

the order of circumstances for decomposition does not affect the results, and being able to 

add up components to the total value. Our parametric Shapley value decomposition approach 

has been a basic built-in toolkit in popular statistical packages, such as STATA and R, which 

further simplifies the analysis. Though the decomposition should not be seen as causal, it 

offers an idea of the relative importance of circumstances (Ferreira & Gignoux 2013). We 

add bootstrap standard errors to the point estimates with 50 replications.

To learn the magnitude and statistical significance of the contribution of childhood 

circumstances to health inequality, we jointly test multiple parameters in each domain of 

circumstances. Our null hypothesis is that the specific domain of childhood circumstances 

does not significantly contribute to health inequality in old age.

3. RESULTS

Figure 1 computes the contribution of childhood circumstances to health inequality. Results 

show that the share of IOP in health amounts to around 0.8% for mortality, 3.2% for SPPB, 

6.8% for self-rated health, 8.0% for frailty score, 10.4% for Wscore, 16.7% for immediate 

word recall, 16.9% for memory and mental health, and 22.7% for math score.

Comparisons of the magnitude and statistical significance of the contributions made by the 

circumstances variables in Figures 2-6 may shed light on the differential roles played by 

childhood direct health-related circumstances (i.e. parents’ health status and health 

behaviors, health and nutrition conditions in childhood, access to health care) and indirect 
health-related circumstances (i.e. war, regional and urban/rural status at birth, family 

socioeconomic status, relationship with parents, and friendship in childhood). In total, 

childhood direct health-related circumstances contribute to 1.3% of health inequality in 

SPPB, 2.3% of that in frailty score, 2.7% of that in self-rated health, 5.0% of that in memory 

and immediate word recall, 5.1% of that in math score, 3.2% of that in Wscore, 5.3% of that 

in mental health, respectively. Childhood indirect health-related circumstances contribute to 

2.0% of health inequality in SPPB, 5.7% of that in frailty score, 4.2% of that in self-rated 

health, 11.8% of that in memory, 11.3% of that in immediate word recall, 17.5% of that in 

math score, 7.6% of that in Wscore, 11.5% of that in mental health, 0.4% of that in 

mortality. Therefore, we conclude that indirect health-related circumstances make more 

sizable contributions to each of the health dimensions than direct health-related 

circumstances.

The analysis of contributions by domain of childhood circumstances could provide further 

insights behind the findings above. Among direct health-related circumstances, parents’ 

health and health behaviors contribute significantly to inequalities in almost all health 

dimensions, such as frailty score (1.1%) (Figure 2), self-rated health (0.8%) (Figure 3), 

memory (2.5%) and immediate word recall (2.6%) (Figure 4), Wscore (1.3%) (Figure 5), 

mental health (2.5%) (Figure 6). Health and nutrition conditions in childhood significantly 

account for inequalities in frailty score (0.4%) and SPPB (0.3%) (Figure 2), self-rated health 
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(1.8%) (Figure 3), memory (0.2%) (Figure 4), mental health (2.1%) (Figure 6). The 

inequalities attributable to access to health care vary across health outcomes. Access to care 

does not saliently contribute to SPPB or mortality, but contributes 0.1% to self-rated health, 

0.6% to mental health, 0.8% to frailty score, 1.8% to Wscore, 2.2% to immediate word 

recall, 2.3% to memory, 2.6% to math score (Figures 2-6).

Among indirect health-related circumstances, regional and urban/rural status at birth makes 

the most sizable and significant contribution to each of the health dimensions (Figures 2-6), 

such as mental health (4.5%), memory (4.2%), immediate word recall (4.1%), Wscore 

(2.6%), frailty score (1.8%), self-rated health (1.7%), and SPPB (0.5%) (Figure 2-6). Family 

socioeconomic status contribute significantly to inequalities in almost all health outcome 

variables, such as math score (6.8%), mental health (2.4%), Wscore (2.2%), memory (2.0%), 

immediate word recall (1.6%), frailty score (1.5%), self-rated health (1.1%), and SPPB 

(0.4%) (Figure 2-6). War contributes significantly to inequalities in all health outcomes 

variables, such as frailty score (1.1%), immediate word recall (0.9%), Wscore (0.9%), SPPB 

(0.8%), memory (0.8%), math score (0.8%), mental health (0.3%), self-rated health (0.3%), 

and mortality (0.1%). Friendship in childhood significantly accounts for inequalities in 

frailty score (0.8%) and SPPB (0.1%) (Figure 2), self-rated health (0.4%) (Figure 3), 

memory (4.0%) and immediate word recall (3.8%) (Figure 4), math score (2.9%) and 

Wscore (1.6%) (Figure 5), and mental health (2.4%) (Figure 6). Relationship with parents in 

early life only plays a small role in explaining health inequality in self-rated health (0.7%) 

(Figure 3), memory (0.9%) and immediate word recall (0.8%) (Figures 4), Wscore (0.3%) 

(Figure 5), mental health (2.0%) and mortality (0.1%) (Figure 5).

Our estimates so far using the MLD are robust to the Variance approach. We perform the 

Chi-square test between the two approaches to compare the overall size of health inequality 

attributable to childhood circumstances. The p-value of Chi-square test is 0.97 and the 

correlation coefficient is 0.57, suggesting no significant difference in overall size of 

contribution between the MLD approach and the Variance approach. Further checking the 

size of contribution to health inequality by domain of childhood circumstances, we show in 

Appendix Table 4 the p-values of Chi-square tests comparing the MLD approach and the 

Variance approach. Since all p-values of Chi-square tests are close to 1, no significant 

difference in size of contribution by domain of childhood circumstances is found between 

the two approaches.

We also evaluate the robustness of the age specification in addition to our linear age form in 

the main model. First, controlling for a set of age bin dummy variables each representing 5 

years of age, i.e. 60-64, 65-69, 70-74, 75-79, 80-84, 85-89, 90-94, 95-99, we show in 

Appendix Figure 2 that the results are robust. Second, we test results by subsample, i.e. age 

60-70 in panel A and age over 70 in panel B of Appendix Figure 3. Compared to main 

results displayed in Figure 1, the results on total and relative contributions of childhood 

circumstances by age cohort are also robust.

Finally, in Appendix Figure 4 we remove four self-rated measures of childhood 

circumstances more susceptible to recall bias and endogeneity concern, including health 

status before age 15, family financial status, relationship with parents, and neighborhood 
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willingness to help. While the total contribution of childhood circumstances to health in old 

age slightly declines, the relative contribution by domain of childhood circumstances 

remains largely robust. Moreover, the relative contributions of direct versus indirect health-

related circumstances are also robust to this change.

4. CONCLUSION AND DISCUSSIONS

This paper quantifies the extent to which overall childhood circumstances influence health 

inequality in old age and evaluates the importance of each domain of circumstances in 

contributing to health inequality. First, our results show that the total contribution of 

childhood circumstances to health inequality in old age can be substantial, ranging from 1% 

to 22% of health inequality across health outcomes. This is smaller than the 21% value of 

health inequalities in adulthood due to IOP in the UK (Rosa-Dias 2009) except for math 

score, but much smaller than the value in France where IOP amounts to 45% (Jusot, Tubeuf, 

and Trannoy 2013).

Second, while both direct and indirect health-related circumstances contribute significantly 

to health inequality in old age, the latter tends to contribute more. This finding lends support 

to studies in developed countries that also show a significant effect of indirect health-related 

circumstances on health in later life (Rosa-Dias & Jones 2007; Trannoy et al. 2010; Bricard 

et al. 2013). Because social determinants often play an important role beyond health care in 

promoting population health and health equity, and because countries such as the U.S. and 

China have been spending an increasingly large portion of national income on health care 

without the expected gain in population health, our study suggests that more attention should 

be given to how and to what extent indirect health-related circumstances contribute to health 

and health inequality.

Third, Specifically, regional and urban/rural status contributes substantially to inequality in 

almost all health outcomes; while family socioeconomic status makes sizable contribution to 

inequalities in cognitive ability and mental health.

We also demonstrate the value of life course approach in identifying key determinants of 

health among older people. To improve the health of older persons, further studies are 

needed to develop and evaluate successful interventions. Distinguishing sources of health 

inequality and rectifying inequality due to key circumstances should be the basis of policy 

that promotes health equity.

Further work is required to identify if IOP in the health of older persons is driven directly by 

childhood circumstances or through intergenerational transmission of unhealthy lifestyle 

patterns. The former would largely require policies compensating for poorer initial 

circumstances, while the latter may call for policies reducing social reproduction and the 

intergenerational transmission of unhealthy lifestyle. However, substantive equality of 

opportunity requires compensating for the influence of family and social origins on 

individual health outcomes, regardless of the channel through which it operates, as 

childhood circumstances lie beyond individual responsibility and choices (Roemer 1993; 

Lefranc, Pistolesi, & Trannoy 2008).
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This paper focuses on the contributions of different types of circumstances on IOP in health. 

The main strengths of this study include: we provide one of the first evidence of IOP in 

health in old age, especially the first such evidence from a developing country; introduce a 

new method – the Shapley Value Decomposition – to quantify the size of health inequality 

due to circumstances; apply a newly released high-quality life history data; advance the life 

course epidemiology via exploring a more than 60-year long time window; and measure 

comprehensive dimensions of health outcomes.

This study also has limitations for improvement. First, this observational study does not aim 

to offer a causal interpretation of the link between a specific early life environment and 

health in old age. As an initial step towards understanding the relative contribution of a rich 

set of early life environments, we isolate the statistical variations in health attributable to 

each domain of childhood circumstances with recognition of limitations including 

endogeneity of recalled circumstances and both overestimation (due to overfitting) and 

underestimation (due to unobserved childhood circumstances). Based on our findings, future 

studies will investigate causal inference for specific key circumstances that may lead to 

eventual interventions. Second, because childhood conditions in the life history survey are 

based on recall, they may suffer from reporting errors. Third, in addition to considering early 

life exposures to key historical events like wars and recessions, future studies may improve 

the measurement of exposures, for example, by considering the length and intensity of early 

life exposures, as both the extensive margin and the intensive margin may take a toll on older 

persons.
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Appendix

Appendix Table 1.

Summary Statistics of Health Outcome Measures

Dimensions and Measures 
of Health Obs Mean SD Min Max Variable Description

Self-rated 
health

Self-rated 
health 8255 3.9 0.8 1 5

Would you say your health is excellent, 
very good, good, fair, or poor? 1. 
excellent, 2. very good, 3. good, 4. fair, 5. 
poor. The average value of self-rated 
health between 2013 and 2015,

Physical 
health

SPPB score 7479 9.6 2.6 0 12 The average value of SPPB score between 
2013 and 2015,
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Dimensions and Measures 
of Health Obs Mean SD Min Max Variable Description

Chair stand 
score 7705 3.0 1.2 0 4

The ability and time to complete 5 
repeated risings from chair exercise (0: 
cannot complete; 1: more than 16.6 
seconds; 2: more than 13.6 seconds but 
less than 16.6 seconds; 3: more than 11.1 
seconds but less than 13.6 seconds; 4: less 
than 11.1 seconds.)

Balance 
score 7538 3.6 1.0 0 4

The ability and time to complete side-by-
side or the full tandem exercise of the 
balance test (0: cannot complete the 10 
seconds side-by-side exercise of the 
balance test; 1: less than 10 seconds to do 
side-by-side;2: less than 3 seconds to do 
full tandem exercise; 3: more than 3 
seconds but less than 10 seconds to do full 
tandem exercise; 4: more than 10 seconds 
to do full tandem exercise)

Walk speed 
score 7684 2.9 1.1 0 4

The ability and time to walk 5 meters (0: 
cannot complete or not qualified; 1: more 
than 11.4 seconds; 2: more than 8.2 
seconds but less than 11.4 seconds; 3: 
more than 6.4 seconds but less than 8.2 
seconds; 4: less than 6.4 seconds.)

Frailty score 7552 2.0 1.0 0 5

Low grip 
strength 7552 0.3 0.4 0 1

stratified by gender and body mass index 
quantiles with cutoffs (0: more than the 
cutoff; 1: no more than the cutoff)

Slow walk 
speed 7604 0.7 0.4 0 1

stratified by gender and height with cutoffs 
(0: no more than the cutoff; 1: more than 
the cutoff)

Weight loss 7682 0.4 0.4 0 1 “Have you involuntarily lost 5 or more 
kilograms in the past year?”

Exhaustion 8266 0.3 0.4 0 1

Two CES-D questions are used. (a) I felt 
everything I did was an effort; (b) I could 
not get “going”. The question is asked 
“how you have felt and behaved during the 
last week?” 1=rarely or none of the time 
(<1 day) 2=some or a little of the time (1-2 
days) 3=occasionally or a moderate 
amount of the time (3-4 days) 4=most or 
all of the time (5-7 days). Subjects 
answering “3” or “4” to either of these 
questions are categorized as exhausted

Low physical 
activity 8266 0.3 0.4 0 1

If elders whose SPPB=0; or if one can get 
up from a chair after sitting for a long 
time; or if one can get into or out of bed by 
oneself.

Cognitive 
ability

Math score 7408 2.6 1.9 0 5

Based on a task in which respondents are 
asked to subtract 7 from 100 and to 
continue subtracting 7 from each 
subsequent number for a total of five 
times. The score is the count of correct 
subtractions across the five trials.

Wscore 7888 447.1 102.6 299 635 Wscore is used to standardize adaptive 
number series test in 2015

Memory 8042 2.8 1.7 0 10 The average value of immediate word 
recall and delay word recall

Immediate 
Word Recall 8042 3.3 1.7 0 10

A list of 10 nouns read to the respondent 
who is asked to recall as many words as 
possible in any order. The score is the 
count of the number of words correctly 
recalled that ranges from 0 to 10.
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Dimensions and Measures 
of Health Obs Mean SD Min Max Variable Description

Mental 
health

Depressive 
symptoms 7667 8.5 5.8 0 30

The Center for Epidemiological Studies 
Depression Scale (CES-D) 10-item 
version; each item scores from 0 to 3; the 
total mental health score is from 0 to 30.

Mortality Alive in 
2015 or not 8134 0.03 0.16 0 1 Alive in 2015 or not (0: alive; 1: died)

Notes:The cutoffs for low grip strength (kg) are 29 (males, BMI<=24), 30 (male, 24<BMI<=28), 32 (male, BMI>28), 17 
(female, MBI<=23), 17.3 (female, 23<BMI<=26), 18 (female, 26<BMI<=29), 21 (female, BMI>29). The cutoffs for low 
walk speed are 0.65m/s (male, height<=173 cm; female, height<=159 cm), and 0.76m/s (male, height>173 cm; female, 
height>159 cm).

Appendix Table 2.

Correlation among Health Outcome Measures

Self-rated 
health

Frailty 
score

Mental 
health

Sppb Memory Immediate 
word recall

Math 
score

Wscore

Self-rated 
health

1.000

Frailty score 0.247* 1.000

Mental health 0.419* 0.367* 1.000

Sppb −0.203* −0.451* −0.214* 1.000

Memory −0.123* −0.241* −0.216* 0.260* 1.000

Immediate 
word recall

−0.118* −0.233* −0.206* 0.258* 0.934* 1.000

Math score −0.081* −0.169* −0.195* 0.231* 0.357* 0.350* 1.000

Wscore −0.073* −0.178* −0.176* 0.255* 0.409* 0.409* 0.458* 1.000

Notes: since people who died during 2014 life history survey and 2015 follow-up survey have no information on other 
health outcomes, there is no correlation between died2015 with other 8 health outcomes. Star * means significance level at 
1%.

Appendix Table 3.

Pairwise correlations between self-reported health status in childhood and in old age

Self-
rated 
health

Frailty 
score

Mental 
health

SPPB Memory Immediate 
word recall

Math 
score

Wscore

self-rated health 
before age 15

0.140* 0.062* 0.130* −0.042* −0.070* −0.060* −0.041* −0.043*

self-rated 
family financial 

status in 
childhood

0.106* 0.074* 0.148* −0.006 −0.079* −0.079* −0.068* −0.072*

relationship 
with parents

0.073* 0.011 0.086* −0.012 −0.076* −0.078* −0.027 −0.045*

neighborhood 
willingness to 

help

−0.062* −0.061* −0.112* −0.006 0.211* 0.209* 0.100* 0.148*

Note: indicates statistical significance at 1% level, SPPB= Short Physical Performance Battery, Wscore is used to 
standardize adaptive number series test in the 3rd wave of CHARLS in 2015, which measures a specific form of fluid 
intelligence related to quantitative reasoning (Strauss et al., 2018).
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Appendix Table 4.

Chi-square tests between MLD and Variance approaches across health outcomes

Self-
rated 
health

Frailty 
score

Mental 
health

SPPB Memory Immediate 
word recall

Math 
score

Wscore Mortality

P value 
of Chi 
square 
test

0.96 0.94 1.00 0.98 1.00 1.00 0.97 1.00 0.92

Note: MLD = Mean Logarithmic Deviation. SPPB= Short Physical Performance Battery, Wscore is used to standardize 
adaptive number series test, which measures a specific form of fluid intelligence related to quantitative reasoning (Strauss 
et al., 2018).
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Appendix Figure 1: 
Flow chart of study sample
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Appendix Figure 2. 
Share of health inequality due to childhood circumstances (Including a set of dummy 

variables representing age bins, each age bin is five years of age) (95% confidence interval)
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Appendix Figure 3. Share of health inequality due to childhood circumstances cross cohorts
Note: panel A means 60-69 age cohort, panel B means 70+ age cohort.
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Appendix Figure 4. Share of health inequality due to childhood circumstances (omitting four 
self-rated childhood circumstances measures in the main estimations, 95% confidence interval)
Note: The four self-rated childhood circumstances omitted include health status before age 

15, family financial status, relationship with parents, and neighborhood willingness to help.
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Figure 1. Share of health inequality due to childhood circumstances
Notes: The 95% confidence interval is displayed. Childhood direct health-related 

circumstances include three domains, i.e. parents’ health status and health behaviors, health 

and nutrition conditions, and access to health care. Childhood indirect health-related 

circumstances involve four domains, i.e. regional and urban/rural status, family 

socioeconomic status, relationship with parents, and friendship in childhood.
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Figure 2. The significance and contribution to inequality in physical health by domain of 
childhood circumstances
Notes: *p<0.1,**p<0.05, ***p<0.01.
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Figure 3. The significance and contribution to inequality in self-rated health by domain of 
childhood circumstances
Notes: **p<0.05, ***p<0.01.
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Figure 4. The significance and contribution to inequality in word recall by domain of childhood 
circumstances
Notes: *p<0.1,***p<0.01.
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Figure 5. The significance and contribution to inequality in math score by domain of childhood 
circumstances
Notes: **p<0.05, ***p<0.01.
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Figure 6. The significance and contribution to inequality in mental health and mortality by 
domain of childhood circumstances
Notes: **p<0.05, ***p<0.01.
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