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Introduction
A growing number of researchers consider traditional disease-
based conceptualizations of health or health metrics based on 
single domains to be inadequate proxies for the health of older 
adults.1 Recognizing the importance of healthy ageing, the World 
Health Organization (WHO) used a capabilities approach to 
frame healthy ageing in the broadest possible sense in its 2015 
World report on ageing and health.2 In the framework presented 
in the report, healthy ageing is experienced when the functional 
ability to be and do the things a person values is developed and 
maintained across a person’s life course. Functional ability has 
many dimensions, including being able to meet one’s daily basic 
needs; to learn, grow and make critical decisions; to be actively 
mobile; to build and maintain meaningful relationships; and to 
contribute to society.3 This ability is determined by a person’s 
intrinsic capacity, the environment they live in, and the interac-
tion between the individual and their environment.1,2

Intrinsic capacity comprises all of the individual-level ca-
pacities that a person can draw on. Developing and maintaining 
these capacities across a person’s life course is critical to healthy 
ageing.4 Building on gerontological and disability theory,5 in-
trinsic capacity reflects the biological capacities of an individual 
rather than its impairments or deficits. This strengths-based 
approach is distinct from, but complementary to, concepts 
such as frailty and resilience.6 Clinicians and researchers have 
increasingly adopted intrinsic capacity to measure healthy age-
ing,7,8 and the construct has been successfully validated and 
empirically examined in longitudinal analyses of English9 and 
Chinese cohorts.10

Intrinsic capacity differs in several ways from other ageing 
concepts. First, intrinsic capacity potentially provides a continu-
ous, fine-grained and comprehensive measure of overall health 

that can be assessed across much of the life course, rather than 
focusing on late-life impairments or impairment of specific body 
functions.11 Second, it adopts a functioning-oriented approach 
rather than a traditional disease-centred approach to framing 
health states.12 Third, apart from other comprehensive measures 
of overall health,13,14 it aims to distinguish individual attributes 
of functioning from the influence of the environment a person 
lives in. These characteristics facilitate cross-time, cross-country 
and cross-culture comparisons of healthy ageing and enable the 
investigation of the contextual attributes that may either affect 
intrinsic capacity or, in conjunction with intrinsic capacity, 
contribute to an individual’s functional ability. Researchers have 
suggested that regular monitoring of intrinsic capacity could 
provide an early warning for reduced functioning or adverse 
outcomes, and inform preventive interventions.11,15

In functional phenotype research, researchers are increas-
ingly recognizing life-course analyses, which conceptualize an 
accumulation of risk as the incremental burden of different 
exposures with age, highlighting the importance of timing and 
cumulative exposure.16 These exposures may play a role in deter-
mining health through overt physiological change (e.g. weight 
loss due to famine) or through internal changes (e.g. regulation 
of the growth hormone insulin in relation to dietary exposure). 
Intrinsic capacity is likely to be shaped by many life-course 
factors, including underlying age-related biological changes, 
health-related behaviours and the presence of disease.3 Intrinsic 
capacity can also be influenced by socioeconomic and physical 
determinants that occur at different life stages. Moreover, disad-
vantages in nutrition, health, wealth, education, employment and 
income that arise early in life can reinforce each other and accu-
mulate over the life course.17 The large heterogeneity in intrinsic 
capacity observed in older adults is thus likely to strongly reflect 
the accumulated impact of these determinants,18,19 inextricably 
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linking poorer healthy ageing trajectories 
to early-life inequalities. However, the 
cumulative contribution of health and 
socioeconomic inequalities over time to 
intrinsic capacity levels in late life has 
not been well studied. To fill the gap, this 
study aims to longitudinally examine the 
relationships between life-course factors 
and intrinsic capacity in a representative 
sample of China’s older adult population.

Methods
Data and study participants

We used publicly available de-identified 
data from the China Health and Retire-
ment Longitudinal Study (CHARLS) to 
measure the intrinsic capacity construct 
and to examine life-course inequalities 
within it.20 The study aims to collect 
high-quality data from a nationally 
representative sample of older Chinese 
adults aged 45 years or older.21 The first 
CHARLS cohort was recruited in 2011, 
with follow-up surveys conducted every 
two years. The 2011 nationally represen-
tative baseline sampling frame included 
150 counties or districts and 450 villages 
or urban communities across China. All 
living respondents from the first two 
waves (2011 and 2013) were invited to 
participate in the 2014 CHARLS Life 
History Survey, which included a series 
of questions about health and health-care 
history, residential history, education his-
tory and important childhood events. We 
included all individuals who participated 
in the 2011 and 2013 waves and the 2014 
CHARLS Life History Survey. 

Intrinsic capacity

We have previously validated and de-
scribed prognostic value of intrinsic 
capacity in this cohort.10 In summary, 
we calculated the intrinsic capacity 
score using structural equation models 
and confirmatory factor analysis of all 
objective characteristics that might be 
associated with the intrinsic capacity 
construct, including forced expiratory 
volume; chair-stand test; grip strength; 
balance; walking speed; haemoglobin; 
episodic memory test; affective, hearing 
and vision impairments; intact mental 
status; and sleep quantity and quality. The 
final construct includes an overarching 
domain, that is, intrinsic capacity, and 
five subdomains: locomotion; cognitive 
capacity; vitality; sensory capacity; and 
psychological capacity, with a mean stan-
dardized score of 0 and a standard devia-
tion of 1. Higher scores indicate a higher 

capacity to do the things that individuals 
have reason to value.

Life-course factors

We included 11 early-life factors that 
happened in critical periods of individu-
als’ lives (generally before the age of 17 
years) based on the existing literature: 22–24 
(i) parental education; (ii) self-reported 
health status during childhood; (iii) ac-
cess to health-care services; (iv) healthy 
behaviour; (v) nutritional status; (vi) fam-
ily economic status during childhood; 
(vii) neighbourhood quality; (viii) friend-
ships; (ix) parental mental health; (x) do-
mestic violence; and (xi) receiving men-
torship and support. Early-life factors can 
directly affect late-life intrinsic capacity, 
indirectly influence intrinsic capacity via 
their influence on the subsequent accu-
mulation of socioeconomic inequalities, 
or both. We used four measures to account 
for current socioeconomic factors: (i) cur-
rent family economic status; (ii) educa-
tional achievement; (iii) urban residence; 
and (iv) urban hukou registration. Hukou 
is a registration in the Chinese household 
registration system. More details on the 
definitions and measurements of these fac-
tors are available in the online repository.25

Statistical analysis

First, we examined the unadjusted as-
sociation of intrinsic capacity with each 
life-course factor of interest in a bivariate 
analysis.26 We then examined the correla-
tion between early-life factors and current 
socioeconomic status using a Spearman 
correlation matrix, since early-life factors 
may affect late-life intrinsic capacity via 
accumulative health and socioeconomic 
inequalities.

Second, we used multivariable linear 
regressions to examine how life-course 
factors affect late-life intrinsic capacity, 
adjusting for current socioeconomic, 
demographic and lifestyle factors (online 
repository).25 We expressed associations 
as marginal effects measured at the mean 
of each covariate. As biases may arise 
in the estimated relationship between 
intrinsic capacity and factors of interest 
when the outcome variable and error term 
are correlated, our primary econometric 
strategy was to exploit the comprehensive 
information in the survey data to directly 
account for as many potential confound-
ing factors as possible.27

Third, we used the concentration 
index to quantify inequalities in late-life 
intrinsic capacity.28 As a rank-dependent 
method, the concentration index was 

calculated based on family economic 
status.29,30 Moreover, we decomposed the 
concentration index of intrinsic capacity 
to quantify each determinant’s specific 
contribution and summarized them by 
categories (further details available in 
the online repository).25 Additionally, by 
excluding current socioeconomic factors 
from our models, we performed media-
tion analysis to identify the cumulative 
contribution of early-life factors to intrin-
sic capacity inequalities through health 
and socioeconomic inequalities over a 
person’s life course.

Finally, we performed sensitivity 
analyses to ensure the reliability of our 
findings (online repository).25 First, since 
a moderate proportion of participants was 
excluded, we used an incidental truncation 
model by introducing the inverse Mills 
ratio to adjust for potential selection bias.31 
Second, we used multiple imputations with 
chained equations to impute missing val-
ues,32 assuming observations were missing 
at random. We combined estimates across 
20 imputed data sets based on Rubin’s 
rules.33 Third, to ensure the relationships 
were consistent in both older and younger 
participants, we used a chronologically 
pre-old group (younger than 60 years) and 
an older group (aged 60 years or older) to 
perform heterogeneity analysis. Fourth, to 
assess whether recall bias among partici-
pants affected our results, we performed 
heterogeneity analysis by splitting the 
sample into a low-cognition and a high-
cognition subgroup. Fifth, we excluded 
duplicated participants by prioritizing 
data in 2013, and used family income per 
capita rather than family consumption. 
Sixth, we replicated our analysis using the 
latest wave of CHARLS in 2018. We did 
not include this wave in our main analy-
sis since, by design, several key intrinsic 
capacity measures were not collected, and 
participants added in the 2015 and 2018 
waves did not complete the 2014 CHARLS 
Life History Survey. Seventh, we exam-
ined the validity of early-life factors using 
data from the 2011 CHARLS community 
questionnaire, which was completed by a 
respondent from a village committee office 
or a community committee.34

We reported two-sided P-values 
(unadjusted for multiple comparisons) 
and 95% confidence intervals (CIs). We 
considered a P-value < 0.05 to be statisti-
cally significant, and we used the Holm-
Bonferroni method to adjust for multiple 
comparisons. All analyses were performed 
in Stata version 16.0 (Stata Corp LLP, Col-
lege Station, United States of America).
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Ethical considerations

The Biomedical Ethics Review Commit-
tee of Peking University approved the 
CHARLS study (IRB00001052–11015), 
and all the data is publicly available. 

Furthermore, the current study received 
approval from the University of New 
South Wales (UNSW) Ethics Committee 
(HC210472).

Results
After excluding 117 individuals who 
did not answer the intrinsic capacity 
questions, and 7651 and 941 who had 
missing information on life history or 
socioeconomic factors, respectively, we 
included 21 783 survey participants. The 
mean age of the participants was 59.07 
years (standard deviation, SD: 9.16) and 
10 600 participants (48.66%) were male. 
The sample included 9997 participants 
in the older age group (range: 60–109 
years; mean: 67.15; SD: 6.01) and 11 786 
participants in the younger age group 
(range: 19–59 years; mean: 52.22; SD: 
4.71). Table 1 shows the characteristics 
of the included participants. The 8709 
excluded participants were more likely 
to have a lower family economic status, 
a lower education level and not having 
urban hukou. Also, the excluded partici-
pants were more likely to be older, single, 
female, more likely to consume tobacco 
and alcohol, and more likely to have 
chronic diseases (online repository).25

We first plotted Kernel density distri-
butions to explore the association between 
intrinsic capacity and early-life factors 
(Fig. 1). The plots showed that participants 
with lower parental education and worse 
neighbourhood environment had lower 
intrinsic capacity scores than more advan-
taged participants. Other early-life factors 
and the subdomains of intrinsic capacity 
showed similar patterns (P-value: < 0.001; 
online repository).25 The multivariate 
analysis using all early-life factors also sup-
ported these results (online repository).25 
Intrinsic capacity was also significantly 
associated with current socioeconomic, 
demographic and lifestyle factors (P-value: 
< 0.001; online repository).25 The Spearman 
correlation matrix showed reasonably 
moderate and strong correlations for fac-
tors across life-course stages (Fig. 2).

We further investigated the associa-
tion between intrinsic capacity and life-
course factors. In the regression analysis, 
early-life factors were significantly associ-
ated with intrinsic capacity later in life, 
even after eliminating the effect of current 
socioeconomic, demographic and life-
style factors (Fig. 3). For example, people 
with a literate father recorded a 0.040 
(95% CI: 0.020 to 0.051) higher intrinsic 

capacity score than those with an illiterate 
father (Table 2; available at: https:// www 
.who .int/ publications/ journals/ bulletin/ 
). People living in neighbourhoods with 
worse environment and who were lacking 
friends during childhood recorded sig-
nificantly lower intrinsic capacity scores. 
Moreover, higher current socioeconomic 
positions were significantly associated 
with higher intrinsic capacity scores for 
participants with a higher family eco-
nomic status, living in urban areas, having 
an urban hukou or having attained higher 
education attainments (Table 2).

The strongest associations of child-
hood disadvantages were with lower 
cognitive, sensory and psychological 
capacities, although we also identified 
negative effects for locomotion and vitality 
(Table 2, Fig. 3 and Fig. 4). Most estimated 
marginal effects for cognitive, sensory and 
psychological capacities were statistically 
significant. For example, persons with a 
literate father recorded a 0.077 (95% CI: 
0.057 to 0.096) higher cognitive capacity 
score than those with an illiterate father 
(Table 2 and Fig. 3). However, the esti-
mated marginal effects for vitality were 
small, if statistically significant, and most 
estimated marginal effects for locomotion 
were not statistically significant.

We quantified the extent of intrinsic 
capacity inequalities using the concentra-
tion index method. The concentration 
index was 0.024 (95% CI: 0.021 to 0.027) 
for intrinsic capacity (Table 3). The posi-
tive value indicates that the richer wealth 
groups had higher intrinsic capacity 
scores. Cognitive and sensory capacities 
had the highest concentration indices, 
indicating more inequalities in these 
capacities.

We decomposed the concentration 
index into the contribution of each life-
course factor to identify the comparative 
importance of these factors. Overall, 
early-life factors directly accounted for 
13.92% (95% CI: 13.57 to 14.27) of in-
trinsic capacity inequalities (Fig. 5). The 
contribution of each early-life factor was 
similar across subdomains, with psycho-
logical capacity as the only exception 
(online repository).25 The decomposition 
for locomotion and psychological capac-
ity was less precise, since the two subdo-
mains only had small absolute values of 
the concentration index. In our mediation 
analysis, the marginal effect of early-life 
factors on intrinsic capacity generally be-
came larger (online repository),25 leading 
early-life factors to account for 28.57% 

Table 1. Characteristics of participants 
included in the study on 
intrinsic capacity and healthy 
ageing, China, 2011–2013

Characteristic No. (%)  
(n = 21 783)

Gendera

Female 11 183 (51.3)
Male 10 600 (48.7)
Age group, years
< 45 385 (1.8)
45–60 11 401 (52.3)
60–70 6 951 (31.9)
70–80 2 674 (12.3)
≥ 80 372 (1.7)
Marital status
Married 18 310 (84.1)
Not married 3 473 (15.9)
Residence
Rural 15 455 (70.9)
Urban 6 328 (29.1)
Education level
Illiterate 5 385 (24.7)
Primary 8 911 (40.9)
Middle school 4 773 (21.9)
High school 2 586 (11.9)
College and 
above

128 (0.6)

Urban hukoub

Agriculture 17 194 (78.9)
Non-agriculture 4 589 (21.1)
Family economic status, wealth quintile
1: poorest 4 387 (20.1)
2: poor 4 539 (20.8)
3: average 4 410 (20.2)
4: richer 4 309 (19.8)
5: richest 4 138 (19.0)
Tobacco consumption
No 13 875 (63.7)
Yes 7 908 (36.3)
Alcohol consumption
No 14 105 (64.8)
Yes 7 678 (35.2)
Presence of chronic diseases
No 7 285 (33.4)
Yes 14 498 (66.6)

a  The interviewer recorded respondent’s gender 
as either female or male. 

b  Hukou is an individual registered in the Chinese 
household registration system.

Note: Inconsistencies arise in some values due to 
rounding. 

https://www.who.int/publications/journals/bulletin/
https://www.who.int/publications/journals/bulletin/
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Fig. 1. Distribution of intrinsic capacity and the association of life-course factors, China, 2011–2013
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Fig. 2. Pairwise Spearman correlation matrix between life-course factors, China, 2011–2013 
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(95% CI: 28.19 to 28.95) of intrinsic 
capacity inequalities (Fig. 5). The details 
about each determinant’s contribution are 
reported in the online repository.25

We performed six theory-based 
sensitivity analyses. None of these sub-
stantially changed our results, suggesting 
that our results are robust and reliable 
(online repository).25

Discussion
Using a nationally representative sample 
of the Chinese population, we find that 
unfavourable early-life factors were 
strongly linked to lower late-life intrinsic 
capacity scores. Approximately 14% of 
late-life intrinsic capacity inequalities 
could be explained by the direct effect 
of early-life factors, and a further 29% 
of intrinsic capacity inequalities through 
early-life factors’ influence on current so-
cioeconomic inequalities. Unfavourable 
early-life factors were more likely to be 
associated with lower cognitive, sensory 
and psychological capacities and vitality 
than inequalities in locomotion.

Previous research has linked early-
life factors to late-life health outcomes, 
including frailty, depression and bio-
logical ageing.24,35,36 However, this study 
represents a comprehensive life-course 
inequalities analysis of intrinsic capacity, 
a continuous and holistic construct of 
human health that is being increasingly 
applied in research and clinical practice.

The association of early-life factors 
with cognitive capacity are particularly 
interesting. There is growing evidence 
that, at least in western Europe, cognitive 
capacity in older adults is higher than in 
previous generations of the same age,37 
although the underlying mechanisms re-
main unclear. Early brain development,38 
such as child brain structural alterations 
of the cerebral cortex39 and the volume of 
the hippocampus,40 can often determine 
cognitive capacity in older age. The asso-
ciations we found between many early-life 
factors (i.e. parental education and child-
hood health) and cognitive inequalities in 
late life can support this cohort difference.

The association of events early in 
life with vitality is consistent, with the 

suggestion that ambient stress caused by 
negative exposures results in biological 
ageing throughout a person’s life course.41 
We have previously hypothesized that vi-
tality is a marker of underlying biological 
changes associated with ageing and of an 
individual’s physiologic resilience.10 

The main early-life factors associated 
with poor sensory capacity in late life 
concerned starvation and illness which 
may physiologically have affected the 
development of hearing and vision.

Our measure of psychological capac-
ity was dominated by a depression score,42 
which itself is heavily influenced by cur-
rent life events and genetic predisposi-
tion.43 However, psychological capacity 
was partly dominated by early-life factors, 
although the marginal effects were seldom 
significant, suggesting an influence of 
childhood development on the capacity 
to manage stressors.

The smaller negative association of 
early-life adversities with locomotion are 
somewhat surprising. Locomotion is influ-
enced by many factors, having modest as-
sociations with childhood socioeconomic 

Fig. 3. Linking early-life factors with late-life intrinsic, cognitive and sensory capacities, China, 2011–2013

     Instrinsic       Cognitive                     Sensory

Mother literate
Father literate

Severely ill before the age of 16 years
Severely ill after the age of 16 years

Vaccination deficiency
Physician deficiency

Healthy behavior
Famine

Famine death in family
Mother’s mental health 

Father’s mental health 
Mentoring and support

Childhood health: middle
Childhood health: low

Starvation: lower
Starvation: higher

Starvation: highest
Economic status in childhood: middle

Economic status in childhood: low
Neighbourhood quality: high
Neighbourhood quality: poor

Neighbourhood quality: poorest
Lacking friendship: lower

Lacking friendship: higher
Lacking friendship: highest

Domestic violence: lower
Domestic violence: higher

Domestic violence: highest

Marginal effect
–0.2 –0.1 0.0 0.1–0.2 –0.1 0.0 0.1–0.2 –0.1 0.0 0.1

CI: confidence interval. 
Notes: We included 21 783 participants from the CHARLS study, waves 1 and 2. Multivariate linear regressions were performed by adjusting for current 
socioeconomic factors, lifestyle factors and demographic factors. Intrinsic capacity represents the overall level of health and capacities to be and do things 
the participant has reasons to value cognitive capacity includes memory, intelligence and problem-solving; sensory capacity includes vision and hearing; 
psychological capacity involves mood and emotional resilience. Table 2 presents all the marginal effects and their associated 95% CIs. 
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position.44 Moreover, the dysregulation 
derived from stressors in childhood could 
be masked by the growth of organs since 
locomotion generally covers skeletal 
muscle physiology, cardiovascular system, 
energy homeostasis, osteoarticular and 
neurophysiology.45 While diminished 
locomotor capacity was also associated 
with adverse early exposures, the impact 
was less than for cognitive capacity.

Overall, our findings are consistent 
with extensive research across countries 
pointing to the important influence of 
socioeconomic determinants across the 
life course on different health inequali-
ties.46 However, the outcomes considered 
by these studies have often been limited to 
mortality or specific conditions.46 Where 
functioning has been considered more 
broadly as an ageing-related outcome, 
it is often in relation to severe losses of 
functioning identified by a diagnosis 
of frailty or the inability to undertake 
basic activities without assistance.24,47 
Most of these analyses did not study the 
contribution of life-course inequalities to 
health. In contrast, the intrinsic capacity 

construct allows us to explore the impact 
of life-course factors on the overall func-
tioning of older adults, and to understand 
the different domains of functioning that 
are most affected.24,35,48

Decomposing intrinsic capacity in-
equalities into life-course factors may help 
identify key opportunities for proactive 
interventions to preserve intrinsic capacity 
in older age. Our findings emphasize the 
importance of equitable early-life oppor-
tunities on people’s subsequent capacity 
to make choices, contribute to society and 
receive support when needed.3 Almost 
all the determinants of health disparities 
can be reshaped by public policies across 
an individual’s life course. Our findings 
emphasize the importance of early-life 
events, which are largely experienced 
without choice soon after birth. This fact 
is critical for the individual and the society, 
since outcome inequalities are considered 
unfair if they are rooted in factors that are 
beyond individual control.49

Our analysis has many strengths. 
We used a representative sample of the 
world’s largest ageing population, the 

wealth of outcome data enabled us to ex-
plore health inequalities through a broad 
continuous measure of functioning, and 
the associated life events survey allowed 
us to distinguish between the impact of 

Fig. 4. Linking early-life factors with late-life locomotion, vitality and psychological capacity, China, 2011–2013

                            Locomotor functioning                        Vitality                           Psychological

Mother literate
Father literate

Severely ill before the age of 16 years
Severely ill after the age of 16 years

Vaccination deficiency
Physician deficiency

Healthy behavior
Famine

Famine death in family
Mother’s mental health 

Father’s mental health 
Mentoring and support

Childhood health: middle
Childhood health: low

Starvation: lower
Starvation: higher

Starvation: highest
Economic status in childhood: middle

Economic status in childhood: low
Neighbourhood quality: high
Neighbourhood quality: poor

Neighbourhood quality: poorest
Lacking friendship: lower

Lacking friendship: higher
Lacking friendship: highest

Domestic violence: lower
Domestic violence: higher

Domestic violence: highest

–0.6 –0.4 –0.2 0.0 0.2
Marginal effect

–0.6 –0.4 –0.2 0.0 0.2 –0.6 –0.4 –0.2 0.0 0.2

CI: confidence interval. 
Notes: We included 21 783 participants from the CHARLS study, waves 1 and 2. Multivariate linear regressions were performed by adjusting for current 
socioeconomic factors, lifestyle factors and demographic factors. Locomotion includes balance, muscle strength and gait; vitality is defined as underlying a 
person’s resilience to challenges, vigour and stamina, to maintain homeostasis in the face of daily stressors; psychological capacity involves mood and emotional 
resilience. Table 2 presents all the marginal effects and their associated 95% CIs.

Table 3. Extent of inequalities in 
intrinsic capacity, China, 
2011–2013 

Capacity Modified concentration 
index (95% CI)

Intrinsic 0.024 (0.021 to 0.027)
Locomotion 0.002 (−0.002 to 0.006)
Cognitive 0.043 (0.036 to 0.050)
Vitality 0.012 (0.011 to 0.013)
Sensory 0.032 (0.025 to 0.039)
Psychological 0.005 (−0.006 to 0.016)

CI: confidence interval. 
Notes: We included 21 783 participants from the 
CHARLS study, waves 1 and 2. The concentration 
index ranges from −1 to 1, with positive values 
indicating that people with a higher intrinsic 
capacity are more concentrated among high-
income groups and negative values indicating 
that people with a higher intrinsic capacity are 
more concentrated among low-income groups.
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early- and late-life events. Moreover, the 
approach to measuring intrinsic capac-
ity is consistent with a similar analysis 
of a large English cohort, suggesting 
the approach is robust across different 
cultural settings.9 However, the study 
has several limitations. First, we used 
individual recall data for early-life factors 
with potential recall bias, although our 
sensitivity analysis suggests that cogni-
tive decline does not seem to significantly 
affect our findings. Second, this study 
could not distinguish whether intrinsic 
capacity variations were caused by higher 
or lower peaks of intrinsic capacity or the 
rate of declining speeds of such capacity. 
Accordingly, we will further examine the 
longitudinal nature of intrinsic capacity 

when new data becomes available. Third, 
potential cohort effects may limit the 
generalization of our findings, and this 
effect should be further explored in an 
analysis regarding the trajectories of in-
trinsic capacity. Fourth, genetic analysis 
was not included in the study; instead, we 
included a comprehensive set of variables 
to try to counteract individual heteroge-
neity. Finally, the study design precludes 
the interpretation of our results as causal 
relationships.

Despite these limitations, the results 
highlight the important and cumulative 
impact early-life advantages and disad-
vantages have on people’s experience of 
health in older age. Our findings also 
provide support for the Chinese govern-

ment’s latest initiatives, such as common 
prosperity and rural revitalization, de-
signed to reduce rural–urban disparities 
and wealth inequalities. ■
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ملخص
جوانب عدم المساواة في مسار الحياة من حيث القدرة الذاتية والتقدم في العمر بصحة جيدة في الصين

الذاتية  القدرة  في  المبكرة  الحياة  عوامل  إسهام  في  البحث  الغرض 
للبالغين الصينيين الأكبر من 45 سنة. 

عددهم  يبلغ  بمشاركين  الخاصة  البيانات  استخدمنا  الطريقة 
الدراسة  في   (2013) و2   ،(2011)  1 الموجتين  من   21783
أيضًا في  الطولية عن الصحة والتقاعد في الصين، والذين شاركوا 
استبيان CHARLS عن تاريخ الحياة لعام 2014 لحساب قياس 
تم التحقق منه سابقًا للقدرة الذاتية. وضعنا في الاعتبار 11 عاملًا في 
الحياة المبكرة، وبحثنا في ارتباطها المباشر بالقدرة الذاتية للمشاركين 

في وقت لاحق من الحياة، إلى جانب ارتباطها غير المباشر من خلال 
أربعة عوامل اجتماعية واقتصادية حالية. استخدمنا التراجع الخطي 
كل  إسهام  في  للبحث  التركيز  مؤشر  وتفكيك  المتغيرات،  متعدد 

عامل محدد في جوانب عدم المساواة في القدرة الذاتية.
المبكرة  الحياة  مواتية في  بيئة  لديهم  كانت  الذين  المشاركون  النتائج 
والبيئة  الطفولة،  في  بالصحة  والتمتع  الوالدين،  تعليم  (بمعنى 
في  ملحوظ  بشكل  أعلى  ذاتية  قدرة  درجة  على  حصلوا  المجاورة) 
الذين  المشاركون  حصل  المثال،  سبيل  على  العمر.  تقدم  مع  الحياة 

Fig. 5. Decomposing the life-course inequalities in intrinsic capacity, China, 2011–2013

Direct Cumulative Direct Cumulative Direct Cumulative Direct Cumulative Direct Cumulative Direct Cumulative

%
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Notes: We included 21 783 participants from the CHARLS study, waves 1 and 2. The percentages show the contribution of each category factor to the overall 
intrinsic capacity inequalities by decomposing the modified concentration index. For bars showing direct contributions, all life course factors were included, 
and thus the graph shows the direct contribution of early-life factors to inequalities in intrinsic capacity. For bars showing cumulative contributions, current 
socioeconomic position was excluded from the model of mediation analysis, and thus the graph shows the cumulative contribution of early-life factors to 
inequalities in intrinsic capacity. Current socioeconomic position excludes the family economic status factor. Theoretically, the contribution of observable 
determinants to inequalities in intrinsic capacity can be more than 100% since the contribution of the error term is not included and can be negative. Further 
details are available in the online repository.25
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摘要
中国生命历程中内在能力与健康老龄化的不平等关系
目的 旨在调查早期生活因素对中国 45 岁以上成年人
的内在能力的影响。
方法 我们使用了来自中国健康与养老追踪调查中第一
轮 (2011 年 ) 和第二轮 (2013 年 ) 的 21,783 名参与者的
数据 , 这些参与者也参与了 2014 年 CHARLS 生命历程
调查 , 以计算先前验证过的内在能力测量方法。我们
考虑了 11 个早期生活因素 , 并调查了它们与参与者晚
年内在能力的直接联系 , 以及它们与当前四个社会经
济因素的间接联系。我们使用了多变量线性回归和集
中指数分解法来研究每个决定因素对内在能力不平等
的影响。
结果 早期生活环境 ( 即父母教育、童年健康和社区
环境 ) 良好的参与者 , 晚年的内在能力得分明显较高。

例如 , 父亲有文化的参与者的内在能力得分比父亲
为文盲的参与者要高 0.040(95% 置信区间 ,CI: 0 .020 至 
0.051)。这种不平等在认知、感觉和心理能力方面比在
运动和活力方面更为严重。总的来说 , 早期生活因素
直接解释了 13.92%(95% CI: 12 .07 至 15.77) 内在能力的
不平等 , 并通过其对当前社会经济不平等的影响 , 进
一步解释了 28.57%(95% CI: 28 .19 至 28.95) 的不平等。
结论 在中国 , 不利的早期生活因素会降低晚年的健康
状况 , 尤其在认知、感觉和心理能力方面 , 而这些影
响又因一个人生命历程中社会经济的不平等而变得更
加严重。

Résumé

Inégalités au cours de la vie en matière de capacités intrinsèques et vieillissement en bonne santé en Chine
Objectif Examiner la contribution des facteurs en début de vie aux 
capacités intrinsèques des adultes de plus de 45 ans en Chine.
Méthodes Nous avons utilisé les données relatives à 21 783 participants 
des vagues 1 (2011) et 2 (2013) de l'Étude longitudinale sur la santé et 
la retraite en Chine (CHARLS); ils avaient également pris part à l'Enquête 
CHARLS sur le cycle de vie en 2014, qui visait à calculer une mesure 
préalablement validée des capacités intrinsèques. Nous avons ensuite 
retenu 11 facteurs en début de vie et analysé leurs liens directs avec 
les capacités intrinsèques des participants plus tard dans leur vie, mais 
aussi leurs liens indirects à travers quatre facteurs socioéconomiques 
actuels. Enfin, nous avons employé une régression linéaire multivariée 
et décomposé l'indice de concentration afin de définir la contribution 
de chaque déterminant dans les inégalités observées au niveau des 
capacités intrinsèques.
Résultats Les participants ayant débuté leur vie dans un environnement 
favorable (c'est-à-dire avec une éducation parentale, une bonne 
santé durant l'enfance et un bon cadre de vie) affichaient un score de 

capacité intrinsèque nettement plus élevé par la suite. Par exemple, 
les participants dont le père était instruit ont enregistré un score de 
capacité intrinsèque de 0,040 (intervalle de confiance de 95%, IC: 
0,020 à 0,051) supérieur à ceux dont le père était analphabète. Cette 
inégalité s'est révélée davantage marquée pour les capacités cognitives, 
sensorielles et psychologiques que pour la locomotion et la vitalité. De 
manière générale, les facteurs en début de vie ont pu être directement 
associés à 13,92% (IC de 95%: 12,07 à 15,77) des inégalités en matière 
de capacités intrinsèques, tandis que 28,57% (IC de 95%: 28,19 à 
28,95) de ces inégalités étaient liées à leur influence sur les inégalités 
socioéconomiques actuelles.
Conclusion Les facteurs défavorables en début de vie semblent 
entraîner une détérioration de l'état de santé ultérieur en Chine, en 
particulier des capacités cognitives, sensorielles et psychologiques. Ces 
effets sont exacerbés par les inégalités socioéconomiques qui viennent 
s'y ajouter au cours de la vie d'une personne.

Резюме

Неравенство в течение жизни в отношении индивидуальной жизнеспособности и здорового старения, 
Китай
Цель Изучить влияние факторов в раннем периоде жизни на 
индивидуальную жизнеспособность взрослых китайцев старше 
45 лет.
Методы Для расчета ранее валидированного показателя 
индивидуальной жизнеспособности использовались данные 
о 21 783 участниках 1-й (2011) и 2-й (2013) волн Продольного 

исследования здоровья и выхода на пенсию в Китае, которые 
также участвовали в опросе 2014 года CHARLS Life History 
Survey. Было рассмотрено 11 факторов в раннем периоде 
жизни, и была исследована их прямая связь с индивидуальной 
жизнеспособностью участников в более позднем периоде жизни, 
а также их косвенная связь через четыре текущих социально-

 0.040 بمقدار  أعلى  ذاتية  قدرة  درجة  على  متعلم  أب  لديهم 
أولئك  عن   (0.051 إلى   0.020  :%95 مقداره  ثقة  (بفاصل 
أكبر  المساواة كان  لعدم  الجانب  متعلم. هذا  لديهم أب غير  الذين 
الحركية  القدرات  في  منه  والنفسية  والحسية  المعرفية  القدرات  في 
عمومًا  مباشر  بشكل  المبكرة  الحياة  عوامل  فُسرت  والحيوية. 
15.77) من  95%: 12.07 إلى  (بفاصل ثقة مقداره   %13.92
جوانب عدم المساواة في القدرة الذاتية وتم تفسير نسبة أخرى تبلغ 
28.95) من  95%: 28.19 إلى  (بفاصل ثقة مقداره   %28.57

عدم  جوانب  على  تأثيرها  خلال  من  هذه  المساواة  عدم  جوانب 
المساواة الاجتماعية والاقتصادية الحالية.

المواتية تسبب تراجع  المبكرة غير  يبدو أن عوامل الحياة  الاستنتاج 
وخاصةً  الصين،  في  العمر  تقدم  مع  الحياة  في  الصحية  الحالة 
التأثيرات  هذه  وتــزداد  والنفسية،  والحسية  المعرفية  القدرات 
بجوانب عدم المساواة الاجتماعية والاقتصادية التراكمية على مسار 

حياة الشخص.



315Bull World Health Organ 2023;101:307–316C| doi: http://dx.doi.org/10.2471/BLT.22.288888

Research
Life-course inequalities in intrinsic capacity and healthy ageing, ChinaYafei Si et al.

экономических фактора. Для исследования вклада каждой 
детерминанты в неравенство в отношении индивидуальной 
жизнеспособности использовалась многомерная линейная 
регрессия и декомпозиция индекса концентрации.
Результаты У участников, находившихся в благоприятной 
окружающей среде в раннем возрасте (то есть образование 
родителей, здоровье в детстве и окружение в районе проживания), 
показатель индивидуальной жизнеспособности в последующей 
жизни был значительно выше. Например, у участников, чьи отцы 
образованны, показатель индивидуальной жизнеспособности 
был на 0,040 (95%-й ДИ: от 0,020 до 0,051) выше по сравнению 
с участниками, чьи отцы были неграмотными. Это неравенство 
оказалось более значительным для когнитивных, сенсорных 

и психологических способностей, чем для двигательной и 
жизненной активности. В целом факторы раннего периода 
жизни напрямую объясняют 13,92% (95%-й ДИ: от 12,07 до 15,77) 
неравенства в отношении индивидуальной жизнеспособности и 
еще 28,57% (95%-й ДИ: от 28,19 до 28,95) этого неравенства через 
их влияние на текущее социально-экономическое неравенство.
Вывод Неблагоприятные факторы в раннем периоде жизни 
снижают состояние здоровья после выхода на пенсию в Китае, 
особенно когнитивные, сенсорные и психологические 
способности, и эти эффекты усугубляются кумулятивным 
социально-экономическим неравенством на протяжении всей 
жизни человека.

Resumen

Desigualdades vitales en la capacidad intrínseca y el envejecimiento saludable en China
Objetivo Investigar la contribución de los factores de los primeros 
años de vida en la capacidad intrínseca de los adultos chinos mayores 
de 45 años.
Métodos Se utilizaron datos de 21 783 participantes de las oleadas 1 
(2011) y 2 (2013) del Estudio Longitudinal de Salud y Jubilación de 
China, que también participaron en la Encuesta de Antecedentes Vitales 
CHARLS de 2014 para calcular una medida previamente validada de la 
capacidad intrínseca. Se tuvieron en cuenta 11 factores de los primeros 
años de vida y se investigó su asociación directa con la capacidad 
intrínseca de los participantes más adelante en la vida, así como su 
asociación indirecta a través de cuatro factores socioeconómicos 
actuales. Se utilizó la regresión lineal multivariable y la descomposición 
del índice de concentración para investigar la contribución de cada 
determinante a las desigualdades en la capacidad intrínseca.
Resultados Los participantes con un entorno favorable en los primeros 
años de vida (es decir, educación de los padres, salud en la infancia 

y entorno del vecindario) tuvieron una puntuación de capacidad 
intrínseca significativamente más alta en etapas posteriores de la vida. 
Por ejemplo, los participantes con un padre alfabetizado registraron 
una puntuación de capacidad intrínseca 0,040 (intervalo de confianza 
del 95 %, IC: 0,020 a 0,051) mayor que los de un padre analfabeto. Esta 
desigualdad fue mayor para las capacidades cognitivas, sensoriales 
y psicológicas que para la locomoción y la vitalidad. En conjunto, los 
factores de los primeros años de vida explicaban directamente el 13,92 % 
(IC 95 %: 12,07 a 15,77) de las desigualdades de capacidad intrínseca y 
otro 28,57% (IC 95 %: 28,19 a 28,95) de estas desigualdades a través de 
su influencia en las desigualdades socioeconómicas actuales.
Conclusión En China, los factores desfavorables en los primeros años 
de vida parecen reducir el estado de salud al final de la vida, sobre 
todo las capacidades cognitivas, sensoriales y psicológicas, los que se 
ven exacerbados por las desigualdades socioeconómicas acumuladas 
a lo largo de la vida.

References
1. Beard JR, Officer A, de Carvalho IA, Sadana R, Pot AM, Michel JP, et al. The 

world report on ageing and health: a policy framework for healthy ageing. 
Lancet. 2016 May 21;387(10033):2145–54. doi: http:// dx .doi .org/ 10 .1016/ 
S0140 -6736(15)00516 -4 PMID: 26520231

2. World report on ageing and health. Geneva: World Health Organization; 
2015. Available from: https:// apps .who .int/ iris/ handle/ 10665/ 186463 [cited 
2021 Nov 1].

3. Decade of healthy ageing: baseline report. Geneva: World Health 
Organization; 2020. Available from: https:// www .who .int/ publications/ i/ 
item/ 9789240017900 [cited 2021 Nov1].

4. Belloni G, Cesari M. Frailty and intrinsic capacity: two distinct but related 
constructs. Front Med (Lausanne). 2019 Jun 18;6:133. doi: http:// dx .doi .org/ 
10 .3389/ fmed .2019 .00133 PMID: 31275941

5. Cesari M, Araujo de Carvalho I, Amuthavalli Thiyagarajan J, Cooper C, Martin 
FC, Reginster JY, et al. Evidence for the domains supporting the construct of 
intrinsic capacity. J Gerontol A Biol Sci Med Sci. 2018 Nov 10;73(12):1653–
60. doi: http:// dx .doi .org/ 10 .1093/ gerona/ gly011 PMID: 29408961

6. Morley JE, Vellas B, van Kan GA, Anker SD, Bauer JM, Bernabei R, et al. Frailty 
consensus: a call to action. J Am Med Dir Assoc. 2013 Jun;14(6):392–7. doi: 
http:// dx .doi .org/ 10 .1016/ j .jamda .2013 .03 .022 PMID: 23764209

7. Charles A, Buckinx F, Locquet M, Reginster JY, Petermans J, Gruslin B, et al. 
Prediction of adverse outcomes in nursing home residents according to 
intrinsic capacity proposed by the World Health Organization. J Gerontol A 
Biol Sci Med Sci. 2020 Jul 13;75(8):1594–9. doi: http:// dx .doi .org/ 10 .1093/ 
gerona/ glz218 PMID: 31562812

8. Huang CH, Umegaki H, Makino T, Uemura K, Hayashi T, Kitada T, et al. Effect 
of various exercises on intrinsic capacity in older adults with subjective 
cognitive concerns. J Am Med Dir Assoc. 2021 Apr;22(4):780–6.e2. doi: 
http:// dx .doi .org/ 10 .1016/ j .jamda .2020 .06 .048 PMID: 32768376

9. Beard JR, Jotheeswaran AT, Cesari M, Araujo de Carvalho I. The structure and 
predictive value of intrinsic capacity in a longitudinal study of ageing. BMJ 
Open. 2019 Nov 2;9(11):e026119. doi: http:// dx .doi .org/ 10 .1136/ bmjopen 
-2018 -026119 PMID: 31678933

10. Beard JR, Si Y, Liu Z, Chenoweth L, Hanewald K. Intrinsic capacity: validation 
of a new WHO concept for healthy ageing in a longitudinal Chinese study. J 
Gerontol A Biol Sci Med Sci. 2022 Jan 7;77(1):94–100. doi: http:// dx .doi .org/ 
10 .1093/ gerona/ glab226 PMID: 34343305

11. Stolz E, Mayerl H, Freidl W, Roller-Wirnsberger R, Gill TM. Intrinsic capacity 
predicts negative health outcomes in older adults. J Gerontol A Biol Sci Med 
Sci. 2022 Jan 7;77(1):101–5. doi: http:// dx .doi .org/ 10 .1093/ gerona/ glab279 
PMID: 34569602

12. Cesari M, Marzetti E, Thiem U, Pérez-Zepeda MU, Abellan Van Kan G, Landi 
F, et al. The geriatric management of frailty as paradigm of “The end of the 
disease era”. Eur J Intern Med. 2016 Jun;31:11–4. doi: http:// dx .doi .org/ 10 
.1016/ j .ejim .2016 .03 .005 PMID: 26997416

13. Wu C, Newman AB, Dong BR, Odden MC. Index of healthy ageing in 
Chinese older adults: China health and retirement longitudinal study. J 
Am Geriatr Soc. 2018 Jul;66(7):1303–10. doi: http:// dx .doi .org/ 10 .1111/ jgs 
.15390 PMID: 29684252

14. Xue DD, Cheng Y, Wu M, Zhang Y. Comprehensive geriatric assessment 
prediction of postoperative complications in gastrointestinal cancer 
patients: a meta-analysis. Clin Interv Aging. 2018 Apr 24;13:723–36. doi: 
http:// dx .doi .org/ 10 .2147/ CIA .S155409 PMID: 29731614

15. Prince MJ, Acosta D, Guerra M, Huang Y, Jacob KS, Jimenez-Velazquez IZ, 
et al. Intrinsic capacity and its associations with incident dependence and 
mortality in 10/66 Dementia Research Group studies in Latin America, 
India, and China: a population-based cohort study. PLoS Med. 2021 Sep 
14;18(9):e1003097. doi: http:// dx .doi .org/ 10 .1371/ journal .pmed .1003097 
PMID: 34520466

http://dx.doi.org/10.1016/S0140-6736(15)00516-4
http://dx.doi.org/10.1016/S0140-6736(15)00516-4
http://www.ncbi.nlm.nih.gov/pubmed/26520231
https://apps.who.int/iris/handle/10665/186463
https://www.who.int/publications/i/item/9789240017900
https://www.who.int/publications/i/item/9789240017900
http://dx.doi.org/10.3389/fmed.2019.00133
http://dx.doi.org/10.3389/fmed.2019.00133
http://www.ncbi.nlm.nih.gov/pubmed/31275941
http://dx.doi.org/10.1093/gerona/gly011
http://www.ncbi.nlm.nih.gov/pubmed/29408961
http://dx.doi.org/10.1016/j.jamda.2013.03.022
http://www.ncbi.nlm.nih.gov/pubmed/23764209
http://dx.doi.org/10.1093/gerona/glz218
http://dx.doi.org/10.1093/gerona/glz218
http://www.ncbi.nlm.nih.gov/pubmed/31562812
http://dx.doi.org/10.1016/j.jamda.2020.06.048
http://www.ncbi.nlm.nih.gov/pubmed/32768376
http://dx.doi.org/10.1136/bmjopen-2018-026119
http://dx.doi.org/10.1136/bmjopen-2018-026119
http://www.ncbi.nlm.nih.gov/pubmed/31678933
http://dx.doi.org/10.1093/gerona/glab226
http://dx.doi.org/10.1093/gerona/glab226
http://www.ncbi.nlm.nih.gov/pubmed/34343305
http://dx.doi.org/10.1093/gerona/glab279
http://www.ncbi.nlm.nih.gov/pubmed/34569602
http://dx.doi.org/10.1016/j.ejim.2016.03.005
http://dx.doi.org/10.1016/j.ejim.2016.03.005
http://www.ncbi.nlm.nih.gov/pubmed/26997416
http://dx.doi.org/10.1111/jgs.15390
http://dx.doi.org/10.1111/jgs.15390
http://www.ncbi.nlm.nih.gov/pubmed/29684252
http://dx.doi.org/10.2147/CIA.S155409
http://www.ncbi.nlm.nih.gov/pubmed/29731614
http://dx.doi.org/10.1371/journal.pmed.1003097
http://www.ncbi.nlm.nih.gov/pubmed/34520466


316 Bull World Health Organ 2023;101:307–316C| doi: http://dx.doi.org/10.2471/BLT.22.288888

Research
Life-course inequalities in intrinsic capacity and healthy ageing, China Yafei Si et al.

16. Ben-Shlomo Y, Cooper R, Kuh D. The last two decades of life course 
epidemiology, and its relevance for research on ageing. Int J Epidemiol. 
2016 Aug;45(4):973–88. doi: http:// dx .doi .org/ 10 .1093/ ije/ dyw096 PMID: 
27880685

17. Sarfati H. OECD. Preventing ageing unequally. Paris, Organisation for 
Economic Co-operation and Development, 2017. 253 pp. ISBN 978-92-
64-27907-0. Int Soc Secur Rev. 2018;71(3):125–7. doi: http:// dx .doi .org/ 10 
.1111/ issr .12183

18. Carrieri V, Davillas A, Jones AM. A latent class approach to inequity in health 
using biomarker data. Health Econ. 2020 Jul;29(7):808–26. doi: http:// dx .doi 
.org/ 10 .1002/ hec .4022 PMID: 32346923

19. Li H, Hanewald K, Wu S. Healthy life expectancy in China: modelling and 
implications for public and private insurance. Annals of Actuarial Science. 
2021;15(1):40–56. doi: http:// dx .doi .org/ 10 .1017/ S1748499520000135

20. China Health and Retirement Longitudinal Study (CHARLS). Beijing: Peking 
University; 2021. Available from: http:// charls .pku .edu .cn/ en [cited 2023 Jan 
17].

21. Zhao Y, Hu Y, Smith JP, Strauss J, Yang G. Cohort profile: the China health 
and retirement longitudinal study (CHARLS). Int J Epidemiol. 2014 
Feb;43(1):61–8. doi: http:// dx .doi .org/ 10 .1093/ ije/ dys203 PMID: 23243115

22. Hu H, Si Y, Li B. Decomposing inequality in long-term care need among 
older adults with chronic diseases in China: a life course perspective. Int J 
Environ Res Public Health. 2020 Apr 8;17(7):2559. doi: http:// dx .doi .org/ 10 
.3390/ ijerph17072559 PMID: 32276486

23. Kuruvilla S, Sadana R, Montesinos EV, Beard J, Vasdeki JF, Araujo de 
Carvalho I, et al. A life-course approach to health: synergy with sustainable 
development goals. Bull World Health Organ. 2018 Jan 1;96(1):42–50. doi: 
http:// dx .doi .org/ 10 .2471/ BLT .17 .198358 PMID: 29403099

24. Li Y, Xue QL, Odden MC, Chen X, Wu C. Linking early life risk factors to frailty 
in old age: evidence from the China Health and Retirement Longitudinal 
Study. Age and Ageing. 2020 Feb 27;49(2):208–17. doi: http:// dx .doi .org/ 10 
.1093/ ageing/ afz160 PMID: 31957780

25. Si Y, Hanewald K, Chen S, Li B, Bateman H, Beard JR. Life-course inequalities 
in intrinsic capacity and healthy ageing: retrospective evidence from 
pre-old and older populations in China[online repository]. Online: Zenodo; 
2023. doi: http:// dx .doi .org/ 10 .5281/ zenodo .7588511

26. Szklo M, Nieto FJ. Epidemiology: beyond the basics. 3rd ed. Burlington: 
Jones & Bartlett Publishers; 2014. [cited 2021 Nov 1]. Available from: https:// 
pesquisa .bvsalud .org/ portal/ resource/ pt/ int -4623

27. Violato M, Petrou S, Gray R, Redshaw M. Family income and child cognitive 
and behavioural development in the United Kingdom: does money matter? 
Health Econ. 2011 Oct;20(10):1201–25. doi: http:// dx .doi .org/ 10 .1002/ hec 
.1665 PMID: 20945340

28. O’Donnell O, Van Doorslaer E, Wagstaff A, Lindelow M. Analyzing health 
equity using household survey data: a guide to techniques and their 
implementation. Washington, DC: The World Bank; 2007. doi: http:// dx .doi 
.org/ 10 .1596/ 978 -0 -8213 -6933 -3

29. Erreygers G, Van Ourti T. Putting the cart before the horse. A comment on 
Wagstaff on inequality measurement in the presence of binary variables. 
Health Econ. 2011 Oct;20(10):1161–5. doi: http:// dx .doi .org/ 10 .1002/ hec 
.1754 PMID: 21674679

30. Erreygers G, Van Ourti T. Measuring socioeconomic inequality in health, 
health care and health financing by means of rank-dependent indices: a 
recipe for good practice. J Health Econ. 2011 Jul;30(4):685–94. doi: http:// dx 
.doi .org/ 10 .1016/ j .jhealeco .2011 .04 .004 PMID: 21683462

31. Wooldridge JM. Introductory econometrics: A modern approach. Boston: 
Cengage learning; 2015. Available from: https:// www .cengage .com/ c/ isbn/ 
9781337558860/  [cited 2021 Nov 1].

32. White IR, Royston P, Wood AM. Multiple imputation using chained 
equations: issues and guidance for practice. Stat Med. 2011 Feb 
20;30(4):377–99. doi: http:// dx .doi .org/ 10 .1002/ sim .4067 PMID: 21225900

33. Rubin DB. Multiple imputation for nonresponse in surveys. Volume 
81. Hoboken: John Wiley & Sons; 2004. doi: http:// dx .doi .org/ 10 .1002/ 
9780470316696

34. Havari E, Mazzonna F. Can we trust older people’s statements on their 
childhood circumstances? Evidence from SHARELIFE. Eur J Popul. 
2015;31(3):233–57. doi: http:// dx .doi .org/ 10 .1007/ s10680 -014 -9332 -y

35. Chen Y, Guo M, Xu H, Liu Z, Barry LC, Wu C. Association between early life 
circumstances and depressive symptoms among Chinese older adults: 
results from China health and retirement longitudinal study. J Affect Disord. 
2021 Sep 1;292:345–51. doi: http:// dx .doi .org/ 10 .1016/ j .jad .2021 .05 .067 
PMID: 34139407

36. Cao X, Ma C, Zheng Z, He L, Hao M, Chen X, et al. Contribution of life course 
circumstances to the acceleration of phenotypic and functional ageing: a 
retrospective study. EClinicalMedicine. 2022 Jul 10;51:101548. doi: http:// dx 
.doi .org/ 10 .1016/ j .eclinm .2022 .101548 PMID: 35844770

37. Grasshoff J, Beller J, Kuhlmann BG, Geyer S. Increasingly capable at the 
ripe old age? Cognitive abilities from 2004 to 2013 in Germany, Spain, and 
Sweden. PLoS One. 2021 Jul 1;16(7):e0254038. doi: http:// dx .doi .org/ 10 
.1371/ journal .pone .0254038 PMID: 34197534

38. Melrose RJ, Brewster P, Marquine MJ, MacKay-Brandt A, Reed B, Farias ST, et 
al. Early life development in a multiethnic sample and the relation to late 
life cognition. J Gerontol B Psychol Sci Soc Sci. 2015 Jul;70(4):519–31. doi: 
http:// dx .doi .org/ 10 .1093/ geronb/ gbt126 PMID: 24389122

39. Guxens M, Lubczyńska MJ, Muetzel RL, Dalmau-Bueno A, Jaddoe VWV, 
Hoek G, et al. Air pollution exposure during fetal life, brain morphology, 
and cognitive function in school-age children. Biol Psychiatry. 2018 Aug 
15;84(4):295–303. doi: http:// dx .doi .org/ 10 .1016/ j .biopsych .2018 .01 .016 
PMID: 29530279

40. Jackowski A, Perera TD, Abdallah CG, Garrido G, Tang CY, Martinez J, et al. 
Early-life stress, corpus callosum development, hippocampal volumetrics, 
and anxious behavior in male nonhuman primates. Psychiatry Res. 2011 Apr 
30;192(1):37–44. doi: http:// dx .doi .org/ 10 .1016/ j .pscychresns .2010 .11 .006 
PMID: 21377844

41. Geronimus AT. Deep integration: letting the epigenome out of the bottle 
without losing sight of the structural origins of population health. Am J 
Public Health. 2013 Oct;103(Suppl 1) S1: S56–63. doi: http:// dx .doi .org/ 10 
.2105/ AJPH .2013 .301380 PMID: 23927509

42. Carleton RN, Thibodeau MA, Teale MJ, Welch PG, Abrams MP, Robinson T, et 
al. The center for epidemiologic studies depression scale: a review with a 
theoretical and empirical examination of item content and factor structure. 
PLoS One. 2013;8(3):e58067. doi: http:// dx .doi .org/ 10 .1371/ journal .pone 
.0058067 PMID: 23469262

43. Musliner KL, Seifuddin F, Judy JA, Pirooznia M, Goes FS, Zandi PP. Polygenic 
risk, stressful life events and depressive symptoms in older adults: a 
polygenic score analysis. Psychol Med. 2015 Jun;45(8):1709–20. doi: http:// 
dx .doi .org/ 10 .1017/ S0033291714002839 PMID: 25488392

44. Birnie K, Cooper R, Martin RM, Kuh D, Sayer AA, Alvarado BE, et al.; HALCyon 
study team. Childhood socioeconomic position and objectively measured 
physical capability levels in adulthood: a systematic review and meta-
analysis. PLoS One. 2011 Jan 26;6(1):e15564. doi: http:// dx .doi .org/ 10 .1371/ 
journal .pone .0015564 PMID: 21297868

45. Kemoun P, Ader I, Planat-Benard V, Dray C, Fazilleau N, Monsarrat P, et al. 
A gerophysiology perspective on healthy ageing. Ageing Res Rev. 2022 
Jan;73:101537. doi: http:// dx .doi .org/ 10 .1016/ j .arr .2021 .101537 PMID: 
34883201

46. Wagg E, Blyth FM, Cumming RG, Khalatbari-Soltani S. Socioeconomic 
position and healthy ageing: a systematic review of cross-sectional and 
longitudinal studies. Ageing Res Rev. 2021 Aug;69:101365. doi: http:// dx .doi 
.org/ 10 .1016/ j .arr .2021 .101365 PMID: 34004378

47. Wang Y, Yang W, Avendano M. Income-Related inequalities in informal 
care: evidence from the Longitudinal Healthy Longevity Survey in China. J 
Gerontol B Psychol Sci Soc Sci. 2021 Sep 13;76(8):1691–6. doi: http:// dx .doi 
.org/ 10 .1093/ geronb/ gbab043 PMID: 33705540

48. Xiong P, Liang X, Chen H, Chen L, Zuo L, Jing C, et al. Association between 
childhood neighborhood quality and the risk of cognitive dysfunction in 
Chinese middle-aged and elderly population: the moderation effect of 
body mass index. Front Aging Neurosci. 2021 May 13;13:645189. doi: http:// 
dx .doi .org/ 10 .3389/ fnagi .2021 .645189 PMID: 34054503

49. Hufe P, Kanbur R, Peichl A. Measuring unfair inequality: reconciling equality 
of opportunity and freedom from poverty. Rev Econ Stud. 2022;89(6):3345–
80. doi: http:// dx .doi .org/ 10 .1093/ restud/ rdab101

http://dx.doi.org/10.1093/ije/dyw096
http://www.ncbi.nlm.nih.gov/pubmed/27880685
http://dx.doi.org/10.1111/issr.12183
http://dx.doi.org/10.1111/issr.12183
http://dx.doi.org/10.1002/hec.4022
http://dx.doi.org/10.1002/hec.4022
http://www.ncbi.nlm.nih.gov/pubmed/32346923
http://dx.doi.org/10.1017/S1748499520000135
http://charls.pku.edu.cn/en
http://dx.doi.org/10.1093/ije/dys203
http://www.ncbi.nlm.nih.gov/pubmed/23243115
http://dx.doi.org/10.3390/ijerph17072559
http://dx.doi.org/10.3390/ijerph17072559
http://www.ncbi.nlm.nih.gov/pubmed/32276486
http://dx.doi.org/10.2471/BLT.17.198358
http://www.ncbi.nlm.nih.gov/pubmed/29403099
http://dx.doi.org/10.1093/ageing/afz160
http://dx.doi.org/10.1093/ageing/afz160
http://www.ncbi.nlm.nih.gov/pubmed/31957780
http://dx.doi.org/10.5281/zenodo.7588511
https://pesquisa.bvsalud.org/portal/resource/pt/int-4623
https://pesquisa.bvsalud.org/portal/resource/pt/int-4623
http://dx.doi.org/10.1002/hec.1665
http://dx.doi.org/10.1002/hec.1665
http://www.ncbi.nlm.nih.gov/pubmed/20945340
http://dx.doi.org/10.1596/978-0-8213-6933-3
http://dx.doi.org/10.1596/978-0-8213-6933-3
http://dx.doi.org/10.1002/hec.1754
http://dx.doi.org/10.1002/hec.1754
http://www.ncbi.nlm.nih.gov/pubmed/21674679
http://dx.doi.org/10.1016/j.jhealeco.2011.04.004
http://dx.doi.org/10.1016/j.jhealeco.2011.04.004
http://www.ncbi.nlm.nih.gov/pubmed/21683462
https://www.cengage.com/c/isbn/9781337558860/
https://www.cengage.com/c/isbn/9781337558860/
http://dx.doi.org/10.1002/sim.4067
http://www.ncbi.nlm.nih.gov/pubmed/21225900
http://dx.doi.org/10.1002/9780470316696
http://dx.doi.org/10.1002/9780470316696
http://dx.doi.org/10.1007/s10680-014-9332-y
http://dx.doi.org/10.1016/j.jad.2021.05.067
http://www.ncbi.nlm.nih.gov/pubmed/34139407
http://dx.doi.org/10.1016/j.eclinm.2022.101548
http://dx.doi.org/10.1016/j.eclinm.2022.101548
http://www.ncbi.nlm.nih.gov/pubmed/35844770
http://dx.doi.org/10.1371/journal.pone.0254038
http://dx.doi.org/10.1371/journal.pone.0254038
http://www.ncbi.nlm.nih.gov/pubmed/34197534
http://dx.doi.org/10.1093/geronb/gbt126
http://www.ncbi.nlm.nih.gov/pubmed/24389122
http://dx.doi.org/10.1016/j.biopsych.2018.01.016
http://www.ncbi.nlm.nih.gov/pubmed/29530279
http://dx.doi.org/10.1016/j.pscychresns.2010.11.006
http://www.ncbi.nlm.nih.gov/pubmed/21377844
http://dx.doi.org/10.2105/AJPH.2013.301380
http://dx.doi.org/10.2105/AJPH.2013.301380
http://www.ncbi.nlm.nih.gov/pubmed/23927509
http://dx.doi.org/10.1371/journal.pone.0058067
http://dx.doi.org/10.1371/journal.pone.0058067
http://www.ncbi.nlm.nih.gov/pubmed/23469262
http://dx.doi.org/10.1017/S0033291714002839
http://dx.doi.org/10.1017/S0033291714002839
http://www.ncbi.nlm.nih.gov/pubmed/25488392
http://dx.doi.org/10.1371/journal.pone.0015564
http://dx.doi.org/10.1371/journal.pone.0015564
http://www.ncbi.nlm.nih.gov/pubmed/21297868
http://dx.doi.org/10.1016/j.arr.2021.101537
http://www.ncbi.nlm.nih.gov/pubmed/34883201
http://dx.doi.org/10.1016/j.arr.2021.101365
http://dx.doi.org/10.1016/j.arr.2021.101365
http://www.ncbi.nlm.nih.gov/pubmed/34004378
http://dx.doi.org/10.1093/geronb/gbab043
http://dx.doi.org/10.1093/geronb/gbab043
http://www.ncbi.nlm.nih.gov/pubmed/33705540
http://dx.doi.org/10.3389/fnagi.2021.645189
http://dx.doi.org/10.3389/fnagi.2021.645189
http://www.ncbi.nlm.nih.gov/pubmed/34054503
http://dx.doi.org/10.1093/restud/rdab101


Bull World Health Organ 2023;101:307–316C| doi: http://dx.doi.org/10.2471/BLT.22.288888 316A

Research
Life-course inequalities in intrinsic capacity and healthy ageing, ChinaYafei Si et al.

Ta
bl

e 
2.

 
As

so
cia

tio
n 

be
tw

ee
n 

lif
e-

co
ur

se
 fa

ct
or

s a
nd

 in
tr

in
sic

 ca
pa

cit
y a

nd
 it

s s
ub

do
m

ai
ns

, C
hi

na
, 2

01
1–

20
13

Va
ria

bl
e

M
ar

gi
na

l e
ffe

ct
 (9

5%
 CI

)

In
tr

in
sic

 ca
pa

cit
y

Lo
co

m
ot

io
n

Co
gn

iti
ve

Vi
ta

lit
y

Se
ns

or
y

Ps
yc

ho
lo

gi
ca

l

G
en

de
ra

Fe
m

al
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

M
al

e
0.

23
6 

(0
.2

22
 to

 0
.2

50
)

0.
03

1 
(−

0.
02

2 
to

 0
.0

83
)

0.
11

9 
(0

.0
95

 to
 0

.1
44

)
0.

42
4 

(0
.4

07
 to

 0
.4

40
)

0.
07

9 
(0

.0
63

 to
 0

.0
96

)
0.

42
7 

(0
.3

67
 to

 0
.4

87
)

A
ge

 g
ro

up
, y

ea
rs

<
 4

5
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e

45
–6

0
−

0.
12

4 
(−

0.
15

9 
to

 −
0.

08
8)

−
0.

08
9 

(−
0.

14
8 

to
 −

0.
02

9)
−

0.
09

5 
(−

0.
15

7 
to

 −
0.

03
3)

−
0.

04
9 

(−
0.

08
4 

to
 −

0.
01

4)
−

0.
18

7 
(−

0.
23

3 
to

 −
0.

14
0)

−
0.

10
9 

(−
0.

24
9 

to
 0

.0
32

)

60
–7

0
−

0.
22

2 
(−

0.
25

9 
to

 −
0.

18
5)

−
0.

21
6 

(−
0.

28
4 

to
 −

0.
14

8)
−

0.
14

2 
(−

0.
20

6 
to

 −
0.

07
8)

−
0.

19
0 

(−
0.

22
7 

to
 −

0.
15

4)
−

0.
25

5 
(−

0.
30

3 
to

 −
0.

20
7)

−
0.

10
5 

(−
0.

25
1 

to
 0

.0
40

)

70
–8

0
−

0.
34

6 
(−

0.
38

6 
to

 −
0.

30
7)

−
0.

51
3 

(−
0.

60
6 

to
 −

0.
41

9)
−

0.
25

3 
(−

0.
32

1 
to

 −
0.

18
5)

−
0.

34
7 

(−
0.

38
5 

to
 −

0.
30

8)
−

0.
30

3 
(−

0.
35

3 
to

 −
0.

25
2)

−
0.

12
6 

(−
0.

28
1 

to
 0

.0
29

)

≥
 8

0
−

0.
52

5 
(−

0.
58

5 
to

 −
0.

46
6)

−
1.

41
1 

(−
1.

71
4 

to
 −

1.
10

8)
−

0.
42

4 
(−

0.
51

6 
to

 −
0.

33
2)

−
0.

45
8 

(−
0.

52
0 

to
 −

0.
39

6)
−

0.
35

1 
(−

0.
41

8 
to

 −
0.

28
5)

−
0.

23
6 

(−
0.

46
0 

to
 −

0.
01

2)

M
ar

it
al

 s
ta

tu
s

M
ar

rie
d

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Si
ng

le
−

0.
05

6 
(−

0.
07

0 
to

 −
0.

04
2)

−
0.

04
5 

(−
0.

09
5 

to
 0

.0
05

)
−

0.
07

3 
(−

0.
09

7 
to

 −
0.

04
8)

−
0.

04
4 

(−
0.

05
8 

to
 −

0.
03

0)
−

0.
00

3 
(−

0.
01

9 
to

 0
.0

13
)

−
0.

16
5 

(−
0.

22
3 

to
 −

0.
10

8)

Ed
uc

at
io

n 
le

ve
l

N
o 

ed
uc

at
io

n
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e

Pr
im

ar
y 

sc
ho

ol
0.

19
3 

(0
.1

78
 to

 0
.2

08
)

0.
15

1 
(0

.1
01

 to
 0

.2
01

)
0.

56
3 

(0
.5

37
 to

 0
.5

90
)

0.
02

5 
(0

.0
11

 to
 0

.0
40

)
−

0.
00

4 
(−

0.
02

0 
to

 0
.0

13
)

0.
02

5 
(−

0.
03

6 
to

 0
.0

85
)

M
id

dl
e 

sc
ho

ol
0.

30
2 

(0
.2

85
 to

 0
.3

20
)

0.
16

8 
(0

.1
11

 to
 0

.2
26

)
0.

81
5 

(0
.7

84
 to

 0
.8

46
)

0.
07

2 
(0

.0
53

 to
 0

.0
91

)
0.

02
7 

(0
.0

06
 to

 0
.0

47
)

0.
03

0 
(−

0.
04

4 
to

 0
.1

03
)

H
ig

h 
sc

ho
ol

0.
36

1 
(0

.3
39

 to
 0

.3
82

)
0.

18
2 

(0
.1

13
 to

 0
.2

52
)

0.
89

7 
(0

.8
60

 to
 0

.9
33

)
0.

08
6 

(0
.0

60
 to

 0
.1

11
)

0.
06

5 
(0

.0
39

 to
 0

.0
92

)
0.

11
9 

(0
.0

28
 to

 0
.2

09
)

Co
lle

ge
 a

nd
 

ab
ov

e
0.

41
2 

(0
.3

53
 to

 0
.4

72
)

0.
18

3 
(−

0.
02

8 
to

 0
.3

94
)

0.
95

2 
(0

.8
74

 to
 1

.0
30

)
0.

03
8 

(−
0.

03
6 

to
 0

.1
11

)
0.

09
7 

(0
.0

11
 to

 0
.1

82
)

0.
24

2 
(0

.0
06

 to
 0

.4
78

)

Re
si

de
nc

e

Ru
ra

l
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e

U
rb

an
0.

04
8 

(0
.0

34
 to

 0
.0

62
)

0.
00

1 
(−

0.
04

7 
to

 0
.0

49
)

0.
09

3 
(0

.0
69

 to
 0

.1
17

)
0.

01
9 

(0
.0

02
 to

 0
.0

36
)

0.
02

7 
(0

.0
10

 to
 0

.0
45

)
−

0.
06

2 
(−

0.
11

9 
to

 −
0.

00
4)

U
rb

an
 h
uk
ou

b

N
o

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Ye
s

0.
06

2 
(0

.0
46

 to
 0

.0
79

)
0.

00
6 

(−
0.

04
8 

to
 0

.0
61

)
0.

11
4 

(0
.0

87
 to

 0
.1

42
)

0.
01

2 
(−

0.
00

9 
to

 0
.0

32
)

0.
03

2 
(0

.0
12

 to
 0

.0
52

)
0.

04
8 

(−
0.

02
0 

to
 0

.1
16

)

Fa
m

ily
 e

co
no

m
ic

 s
ta

tu
s

Po
or

es
t

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Po
or

er
0.

03
2 

(0
.0

17
 to

 0
.0

47
)

0.
06

0 
(0

.0
06

 to
 0

.1
13

)
0.

05
5 

(0
.0

28
 to

 0
.0

81
)

0.
03

2 
(0

.0
16

 to
 0

.0
49

)
0.

01
3 

(−
0.

00
5 

to
 0

.0
30

)
−

0.
03

5 
(−

0.
09

5 
to

 0
.0

25
)

Av
er

ag
e

0.
04

4 
(0

.0
29

 to
 0

.0
59

)
0.

03
3 

(−
0.

02
1 

to
 0

.0
86

)
0.

06
4 

(0
.0

37
 to

 0
.0

91
)

0.
03

7 
(0

.0
20

 to
 0

.0
53

)
0.

03
2 

(0
.0

14
 to

 0
.0

50
)

−
0.

00
6 

(−
0.

06
7 

to
 0

.0
55

)

Ri
ch

er
0.

04
8 

(0
.0

32
 to

 0
.0

63
)

0.
00

7 
(−

0.
04

9 
to

 0
.0

63
)

0.
08

7 
(0

.0
59

 to
 0

.1
14

)
0.

03
7 

(0
.0

20
 to

 0
.0

54
)

0.
03

2 
(0

.0
14

 to
 0

.0
50

)
−

0.
01

7 
(−

0.
08

0 
to

 0
.0

45
)

Ri
ch

es
t

0.
06

6 
(0

.0
49

 to
 0

.0
82

)
−

0.
00

3 
(−

0.
06

5 
to

 0
.0

58
)

0.
12

4 
(0

.0
95

 to
 0

.1
52

)
0.

03
7 

(0
.0

19
 to

 0
.0

55
)

0.
05

3 
(0

.0
34

 to
 0

.0
73

)
−

0.
03

0 
(−

0.
09

5 
to

 0
.0

36
)

Li
te

ra
cy

M
ot

he
r 

ill
ite

ra
te

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

M
ot

he
r l

ite
ra

te
0.

02
7 

(0
.0

09
 to

 0
.0

44
)

0.
04

0 
(−

0.
00

5 
to

 0
.0

84
)

0.
00

7 
(−

0.
02

1 
to

 0
.0

35
)

0.
02

0 
(−

0.
00

2 
to

 0
.0

42
)

0.
04

0 
(0

.0
19

 to
 0

.0
61

)
−

0.
01

0 
(−

0.
08

3 
to

 0
.0

63
)

Fa
th

er
 il

lit
er

at
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Fa
th

er
 li

te
ra

te
0.

04
0 

(0
.0

29
 to

 0
.0

51
)

0.
03

5 
(0

.0
01

 to
 0

.0
69

)
0.

07
7 

(0
.0

57
 to

 0
.0

96
)

0.
02

4 
(0

.0
11

 to
 0

.0
36

)
0.

01
2 

(−
0.

00
1 

to
 0

.0
25

)
0.

04
3 

(−
0.

00
3 

to
 0

.0
89

)

(c
on

tin
ue

s. 
. .

)



Bull World Health Organ 2023;101:307–316C| doi: http://dx.doi.org/10.2471/BLT.22.288888316B

Research
Life-course inequalities in intrinsic capacity and healthy ageing, China Yafei Si et al.

Va
ria

bl
e

M
ar

gi
na

l e
ffe

ct
 (9

5%
 CI

)

In
tr

in
sic

 ca
pa

cit
y

Lo
co

m
ot

io
n

Co
gn

iti
ve

Vi
ta

lit
y

Se
ns

or
y

Ps
yc

ho
lo

gi
ca

l
Ch

ild
ho

od
 h

ea
lt

h

G
en

er
al

H
ig

h
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e

Av
er

ag
e

−
0.

04
3 

(−
0.

05
4 

to
 −

0.
03

2)
−

0.
00

3 
(−

0.
03

8 
to

 0
.0

32
)

−
0.

02
6 

(−
0.

04
5 

to
 −

0.
00

7)
−

0.
03

1 
(−

0.
04

4 
to

 −
0.

01
9)

−
0.

06
1 

(−
0.

07
4 

to
 −

0.
04

7)
−

0.
05

9 
(−

0.
10

6 
to

 −
0.

01
2)

Lo
w

−
0.

08
2 

(−
0.

09
9 

to
 −

0.
06

5)
−

0.
03

2 
(−

0.
09

0 
to

 0
.0

27
)

−
0.

04
6 

(−
0.

07
6 

to
 −

0.
01

6)
−

0.
07

4 
(−

0.
09

3 
to

 −
0.

05
5)

−
0.

07
7 

(−
0.

09
8 

to
 −

0.
05

7)
−

0.
21

8 
(−

0.
29

1 
to

 −
0.

14
5)

Se
ve

re
ly

 il
l b

ef
or

e 
th

e 
ag

e 
of

 1
6 

ye
ar

s

N
o

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Ye
s

−
0.

02
2 

(−
0.

04
6 

to
 0

.0
01

)
−

0.
03

1 
(−

0.
10

6 
to

 0
.0

43
)

−
0.

02
1 

(−
0.

06
2 

to
 0

.0
19

)
−

0.
00

6 
(−

0.
03

0 
to

 0
.0

18
)

−
0.

00
8 

(−
0.

03
3 

to
 0

.0
17

)
−

0.
06

1 
(−

0.
15

8 
to

 0
.0

35
)

Se
ve

re
ly

 il
l a

fte
r t

he
 a

ge
 o

f 1
6 

ye
ar

s

N
o

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Ye
s

−
0.

06
4 

(−
0.

07
9 

to
 −

0.
05

0)
−

0.
20

1 
(−

0.
25

8 
to

 −
0.

14
4)

−
0.

03
4 

(−
0.

05
9 

to
 −

0.
01

0)
−

0.
04

6 
(−

0.
06

2 
to

 −
0.

03
0)

−
0.

03
5 

(−
0.

05
2 

to
 −

0.
01

9)
−

0.
19

9 
(−

0.
25

8 
to

 −
0.

13
9)

Ac
ce

ss
 to

 h
ea

lt
h-

ca
re

 s
er

vi
ce

s

Va
cc

in
at

io
n 

de
fic

ie
nc

yc

N
o

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Ye
s

−
0.

02
7 

(−
0.

04
2 

to
 −

0.
01

2)
0.

01
4 

(−
0.

03
7 

to
 0

.0
65

)
−

0.
06

3 
(−

0.
09

0 
to

 −
0.

03
5)

−
0.

01
9 

(−
0.

03
5 

to
 −

0.
00

4)
−

0.
00

6 
(−

0.
02

3 
to

 0
.0

11
)

−
0.

00
8 

(−
0.

07
2 

to
 0

.0
57

)

Ph
ys

ic
ia

n 
de

fic
ie

nc
yd

N
o

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Ye
s

−
0.

03
0 

(−
0.

04
8 

to
 −

0.
01

2)
0.

02
6 

(−
0.

03
3 

to
 0

.0
84

)
−

0.
02

6 
(−

0.
05

7 
to

 0
.0

05
)

−
0.

00
5 

(−
0.

02
4 

to
 0

.0
14

)
−

0.
03

8 
(−

0.
05

8 
to

 −
0.

01
8)

−
0.

06
9 

(−
0.

14
3 

to
 0

.0
04

)

H
ea

lt
hy

 b
eh

av
io

ur

N
o

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Ye
s

0.
02

7 
(0

.0
16

 to
 0

.0
39

)
0.

01
8 

(−
0.

01
8 

to
 0

.0
53

)
0.

06
4 

(0
.0

44
 to

 0
.0

84
)

0.
01

0 
(−

0.
00

3 
to

 0
.0

23
)

0.
00

6 
(−

0.
00

8 
to

 0
.0

19
)

0.
04

1 
(−

0.
00

5 
to

 0
.0

88
)

St
ar

va
ti

on

N
on

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e

Lo
w

−
0.

00
6 

(−
0.

02
0 

to
 0

.0
07

)
0.

03
1 

(−
0.

01
4 

to
 0

.0
76

)
0.

01
6 

(−
0.

00
8 

to
 0

.0
40

)
0.

00
0 

(−
0.

01
6 

to
 0

.0
16

)
−

0.
02

1 
(−

0.
03

8 
to

 −
0.

00
5)

−
0.

08
8 

(−
0.

14
5 

to
 −

0.
03

0)

M
od

er
at

e
0.

00
7 

(−
0.

00
9 

to
 0

.0
24

)
0.

03
8 

(−
0.

01
5 

to
 0

.0
91

)
0.

04
9 

(0
.0

19
 to

 0
.0

78
)

0.
00

9 
(−

0.
01

0 
to

 0
.0

28
)

−
0.

02
4 

(−
0.

04
4 

to
 −

0.
00

4)
−

0.
04

2 
(−

0.
11

1 
to

 0
.0

28
)

Se
ve

re
−

0.
03

3 
(−

0.
05

0 
to

 −
0.

01
6)

0.
01

9 
(−

0.
03

7 
to

 0
.0

76
)

−
0.

03
0 

(−
0.

05
9 

to
 −

0.
00

0)
−

0.
01

0 
(−

0.
02

8 
to

 0
.0

08
)

−
0.

03
5 

(−
0.

05
4 

to
 −

0.
01

5)
−

0.
15

3 
(−

0.
22

4 
to

 −
0.

08
2)

Fa
m

in
e

N
o

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Ye
s

0.
02

0 
(0

.0
06

 to
 0

.0
35

)
0.

03
6 

(−
0.

01
4 

to
 0

.0
87

)
0.

04
7 

(0
.0

22
 to

 0
.0

72
)

0.
03

1 
(0

.0
16

 to
 0

.0
47

)
−

0.
01

2 
(−

0.
03

0 
to

 0
.0

06
)

0.
00

6 
(−

0.
05

5 
to

 0
.0

68
)

Fa
m

in
e 

de
at

h 
in

 fa
m

ily

N
o

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Ye
s

−
0.

00
8 

(−
0.

02
5 

to
 0

.0
09

)
0.

04
7 

(−
0.

00
6 

to
 0

.1
00

)
−

0.
00

8 
(−

0.
03

8 
to

 0
.0

21
)

0.
01

3 
(−

0.
00

5 
to

 0
.0

32
)

−
0.

00
9 

(−
0.

02
8 

to
 0

.0
10

)
−

0.
09

4 
(−

0.
16

9 
to

 −
0.

02
0)

Ec
on

om
ic

 s
ta

tu
s 

in
 c

hi
ld

ho
od

H
ig

h
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e

Av
er

ag
e

0.
01

0 
(−

0.
00

1 
to

 0
.0

22
)

0.
01

2 
(−

0.
02

5 
to

 0
.0

49
)

0.
00

6 
(−

0.
01

4 
to

 0
.0

26
)

0.
00

5 
(−

0.
00

8 
to

 0
.0

18
)

0.
00

8 
(−

0.
00

5 
to

 0
.0

21
)

0.
03

3 
(−

0.
01

5 
to

 0
.0

81
)

Lo
w

0.
00

7 
(−

0.
01

2 
to

 0
.0

25
)

0.
00

3 
(−

0.
05

7 
to

 0
.0

64
)

−
0.

01
9 

(−
0.

05
1 

to
 0

.0
14

)
−

0.
01

7 
(−

0.
03

9 
to

 0
.0

05
)

0.
02

4 
(0

.0
01

 to
 0

.0
47

)
0.

07
5 

(−
0.

00
5 

to
 0

.1
55

)

(. 
. .

co
nt

in
ue

d)

(c
on

tin
ue

s. 
. .

)



Bull World Health Organ 2023;101:307–316C| doi: http://dx.doi.org/10.2471/BLT.22.288888 316C

Research
Life-course inequalities in intrinsic capacity and healthy ageing, ChinaYafei Si et al.

Va
ria

bl
e

M
ar

gi
na

l e
ffe

ct
 (9

5%
 CI

)

In
tr

in
sic

 ca
pa

cit
y

Lo
co

m
ot

io
n

Co
gn

iti
ve

Vi
ta

lit
y

Se
ns

or
y

Ps
yc

ho
lo

gi
ca

l
N

ei
gh

bo
ur

ho
od

 q
ua

lit
y

H
ig

he
st

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

H
ig

h
−

0.
01

2 
(−

0.
02

3 
to

 −
0.

00
0)

−
0.

02
0 

(−
0.

05
6 

to
 0

.0
17

)
−

0.
01

3 
(−

0.
03

2 
to

 0
.0

07
)

0.
00

3 
(−

0.
01

0 
to

 0
.0

16
)

−
0.

01
8 

(−
0.

03
1 

to
 −

0.
00

4)
−

0.
02

6 
(−

0.
07

4 
to

 0
.0

21
)

Po
or

−
0.

03
9 

(−
0.

05
9 

to
 −

0.
02

0)
0.

00
4 

(−
0.

05
9 

to
 0

.0
67

)
−

0.
07

5 
(−

0.
11

1 
to

 −
0.

03
8)

−
0.

02
1 

(−
0.

04
3 

to
 −

0.
00

0)
−

0.
02

0 
(−

0.
04

3 
to

 0
.0

03
)

−
0.

02
4 

(−
0.

10
8 

to
 0

.0
60

)

Po
or

es
t

−
0.

05
6 

(−
0.

09
2 

to
 −

0.
01

9)
−

0.
11

1 
(−

0.
25

5 
to

 0
.0

32
)

−
0.

05
6 

(−
0.

11
5 

to
 0

.0
02

)
−

0.
04

8 
(−

0.
08

2 
to

 −
0.

01
5)

−
0.

02
7 

(−
0.

06
5 

to
 0

.0
11

)
−

0.
05

2 
(−

0.
18

1 
to

 0
.0

77
)

Fr
ie

nd
sh

ip
 d

efi
ci

en
cy

Lo
w

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Lo
w

er
−

0.
04

5 
(−

0.
05

7 
to

 −
0.

03
3)

−
0.

05
7 

(−
0.

09
6 

to
 −

0.
01

7)
−

0.
06

1 
(−

0.
08

2 
to

 −
0.

04
0)

−
0.

02
4 

(−
0.

03
8 

to
 −

0.
01

1)
−

0.
02

7 
(−

0.
04

0 
to

 −
0.

01
3)

−
0.

04
9 

(−
0.

09
9 

to
 0

.0
01

)

H
ig

he
r

−
0.

07
3 

(−
0.

09
4 

to
 −

0.
05

3)
−

0.
01

6 
(−

0.
08

7 
to

 0
.0

56
)

−
0.

11
8 

(−
0.

15
6 

to
 −

0.
08

1)
−

0.
02

7 
(−

0.
05

0 
to

 −
0.

00
3)

−
0.

03
7 

(−
0.

06
1 

to
 −

0.
01

3)
−

0.
15

1 
(−

0.
24

0 
to

 −
0.

06
2)

H
ig

he
st

−
0.

10
9 

(−
0.

15
9 

to
 −

0.
05

9)
−

0.
03

1 
(−

0.
18

6 
to

 0
.1

23
)

−
0.

10
5 

(−
0.

19
0 

to
 −

0.
01

9)
−

0.
02

8 
(−

0.
07

2 
to

 0
.0

17
)

−
0.

06
4 

(−
0.

12
1 

to
 −

0.
00

7)
−

0.
32

1 
(−

0.
51

1 
to

 −
0.

13
1)

Pa
re

nt
al

 m
en

ta
l h

ea
lt

h

M
ot

he
r

G
oo

d
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e

Po
or

−
0.

00
4 

(−
0.

02
0 

to
 0

.0
11

)
0.

02
1 

(−
0.

02
4 

to
 0

.0
67

)
−

0.
00

3 
(−

0.
03

0 
to

 0
.0

23
)

0.
01

8 
(0

.0
01

 to
 0

.0
34

)
0.

00
1 

(−
0.

01
7 

to
 0

.0
19

)
−

0.
10

7 
(−

0.
17

3 
to

 −
0.

04
1)

Fa
th

er

G
oo

d
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e

Po
or

−
0.

03
8 

(−
0.

05
5 

to
 −

0.
02

1)
−

0.
02

6 
(−

0.
07

9 
to

 0
.0

26
)

−
0.

04
5 

(−
0.

07
5 

to
 −

0.
01

6)
−

0.
02

3 
(−

0.
04

1 
to

 −
0.

00
5)

−
0.

02
0 

(−
0.

04
0 

to
 −

0.
00

0)
−

0.
06

2 
(−

0.
13

3 
to

 0
.0

09
)

D
om

es
ti

c 
vi

ol
en

ce

Lo
w

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Lo
w

er
0.

00
3 

(−
0.

01
1 

to
 0

.0
17

)
−

0.
00

7 
(−

0.
05

2 
to

 0
.0

38
)

0.
00

5 
(−

0.
01

8 
to

 0
.0

29
)

0.
01

4 
(−

0.
00

1 
to

 0
.0

29
)

−
0.

00
7 

(−
0.

02
4 

to
 0

.0
09

)
−

0.
05

0 
(−

0.
10

9 
to

 0
.0

08
)

H
ig

he
r

0.
00

1 
(−

0.
01

6 
to

 0
.0

18
)

0.
01

2 
(−

0.
03

8 
to

 0
.0

61
)

0.
01

8 
(−

0.
01

0 
to

 0
.0

47
)

0.
01

8 
(−

0.
00

3 
to

 0
.0

40
)

−
0.

01
9 

(−
0.

03
8 

to
 0

.0
00

)
−

0.
10

9 
(−

0.
17

9 
to

 −
0.

03
9)

H
ig

he
st

−
0.

00
9 

(−
0.

04
5 

to
 0

.0
26

)
0.

01
6 

(−
0.

09
1 

to
 0

.1
23

)
−

0.
02

9 
(−

0.
08

6 
to

 0
.0

28
)

0.
04

1 
(0

.0
09

 to
 0

.0
74

)
0.

00
3 

(−
0.

03
9 

to
 0

.0
45

)
−

0.
08

0 
(−

0.
22

9 
to

 0
.0

68
)

M
en

to
ri

ng
 a

nd
 s

up
po

rt

N
o

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Ye
s

0.
01

9 
(0

.0
07

 to
 0

.0
31

)
0.

03
8 

(0
.0

04
 to

 0
.0

73
)

0.
04

0 
(0

.0
19

 to
 0

.0
60

)
0.

01
2 

(−
0.

00
2 

to
 0

.0
26

)
0.

01
1 

(−
0.

00
3 

to
 0

.0
26

)
−

0.
01

4 
(−

0.
06

4 
to

 0
.0

35
)

To
ba

cc
o 

co
ns

um
pt

io
n

N
o

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Ye
s

−
0.

02
7 

(−
0.

04
0 

to
 −

0.
01

4)
0.

01
7 

(−
0.

02
9 

to
 0

.0
63

)
−

0.
04

0 
(−

0.
06

2 
to

 −
0.

01
8)

−
0.

00
9 

(−
0.

02
4 

to
 0

.0
07

)
−

0.
01

6 
(−

0.
03

2 
to

 −
0.

00
1)

−
0.

05
3 

(−
0.

10
7 

to
 0

.0
01

)

A
lc

oh
ol

 c
on

su
m

pt
io

n

N
o

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Ye
s

0.
02

5 
(0

.0
14

 to
 0

.0
36

)
0.

05
3 

(0
.0

16
 to

 0
.0

90
)

0.
00

6 
(−

0.
01

3 
to

 0
.0

26
)

0.
04

6 
(0

.0
33

 to
 0

.0
59

)
0.

02
4 

(0
.0

10
 to

 0
.0

38
)

−
0.

00
6 

(−
0.

05
4 

to
 0

.0
41

)

Ch
ro

ni
c 

di
se

as
e

N
o

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Ye
s

−
0.

08
5 

(−
0.

09
6 

to
 −

0.
07

4)
−

0.
09

7 
(−

0.
12

7 
to

 −
0.

06
6)

−
0.

02
2 

(−
0.

04
1 

to
 −

0.
00

3)
−

0.
03

4 
(−

0.
04

6 
to

 −
0.

02
2)

−
0.

10
8 

(−
0.

12
1 

to
 −

0.
09

4)
−

0.
32

6 
(−

0.
37

1 
to

 −
0.

28
1)

a   T
he

 in
te

rv
ie

w
er

 re
co

rd
ed

 re
sp

on
de

nt
’s 

ge
nd

er
 a

s e
ith

er
 fe

m
al

e 
or

 m
al

e.
 

b   H
uk

ou
 is

 a
n 

in
di

vi
du

al
 re

gi
st

er
ed

 in
 th

e 
Ch

in
es

e 
ho

us
eh

ol
d 

re
gi

st
ra

tio
n 

sy
st

em
.

c   V
ac

ci
na

tio
n 

de
fic

ie
nc

y 
w

as
 a

ss
es

se
d 

by
 th

e 
qu

es
tio

n:
 b

ef
or

e 
or

 w
he

n 
yo

u 
w

er
e 

15
 y

ea
rs

 o
ld

, d
id

 y
ou

 re
ce

iv
e 

an
y 

va
cc

in
at

io
ns

?
d   P

hy
sic

ia
n 

de
fic

ie
nc

y 
w

as
 a

ss
es

se
d 

by
 th

e 
qu

es
tio

n:
 h

av
e 

yo
u 

al
w

ay
s h

ad
 a

 u
su

al
 so

ur
ce

 o
f c

ar
e,

 th
at

 is
, a

 p
ar

tic
ul

ar
 p

er
so

n 
or

 a
 p

la
ce

 th
at

 y
ou

 w
en

t t
o 

w
he

n 
yo

u 
w

er
e 

sic
k 

or
 n

ee
de

d 
ad

vi
ce

 a
bo

ut
 y

ou
r h

ea
lth

?
N

ot
e:

 F
ur

th
er

 in
fo

rm
at

io
n 

on
 th

e 
m

ea
su

re
m

en
t o

f v
ar

ia
bl

es
 is

 a
va

ila
bl

e 
in

 th
e 

on
lin

e 
re

po
sit

or
y.25

(. 
. .

co
nt

in
ue

d)


	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 3
	Figure 5
	Table 2

