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Background. We examined the associations between childhood socioeconomic status and adulthood height with func-
tional limitations in old age.

Methods. Data were obtained from the baseline survey of the Japan Gerontological Evaluation Study 2010, a pop-
ulation-based cohort of people aged 265 years enrolled from 27 municipalities across Japan (N = 15,499). People aged
65-69, 70-74, 75-79, and 280 years experienced the end of World War II when they were aged 0—4, 5-9, 10-14, and
215 years, respectively. Subjective socioeconomic status during childhood and current height were obtained by self-
report through questionnaire in 2010. Higher-level functional capacity was assessed using a validated questionnaire
scale. Poisson regression with robust variance estimator was employed to determine the association between childhood
subjective socioeconomic status, height, and functional limitations.

Results. Lower childhood subjective socioeconomic status was consistently associated with higher prevalence
rate ratio of limitations in higher-level functional capacity, regardless of age cohort. Height was associated with
functional limitation only among the group aged 70-74 years: taller (2170 cm for men and 2160 cm for women)
people were 16% less likely to report functional limitation in comparison with shorter (<155 ¢m for men and
<145 cm for women) individuals in the fully adjusted model (prevalence rate ratio: 0.84, 95% confidence interval:
0.74-0.96).

Conclusions. Low childhood subjective socioeconomic status had a robust association with functional limitation
regardless of age cohort. In addition, those who lived through World War II before they reached puberty and attained
shorter height were more likely to report functional limitations in old age.

Key Words: Disability—Life-course approach—Subjective socioeconomic status—Height—Childhood environment.

Received April 2, 2013; Accepted October 20, 2013

Decision Editor: James Goodwin, PhD

ISABILITY is a long-term process that is asso-

ciated with socioeconomic status (SES), health
behaviors (eg, smoking or physical inactivity), and
disease status (eg, stroke) (1). Social inequalities in
health behaviors and disease status lead to correspond-
ing social inequalities in disability status and func-
tional limitations (2). Most studies have focused on
risk factors for disability beginning in midlife (3-5),
but increasingly studies have adopted a life-course
perspective to examine the associations between child-
hood environment, adulthood SES, health behaviors
(6), disability, and activities of daily living (ADL)
(7,8).
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Few studies have investigated the impact of childhood
environment on limitations in higher-level functional capac-
ity (7), such as those social activities or activities that require
higher cognitive function (eg, reading a newspaper, visiting
a friend’s house), which are critical to the concept of “suc-
cessful” aging (9). For example, the results of the Whitehall
II study in the United Kingdom (10) showed that childhood
SES was associated with cognitive function among midlife
adults, suggesting that there is a sensitive period during
childhood development during which adversity can result
in limitations of higher-level functional capabilities later in
life (11). Notably, the Whitehall results indicated that child-
hood adversity can result in deleterious effects on health in
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adulthood even if the individual escapes adverse socioeco-
nomic conditions later in life—which is referred to as the
latent effects model. Koyano and colleagues developed a
scale to assess limitations in higher-level functional capacity
among older people based on Lawton’s model of compe-
tence (12), which was designed to cover instrumental self-
maintenance, intellectual activities, and social roles (13). An
investigation of the childhood determinants of limitations in
higher-level functional capacity is critical for the develop-
ment of a strategy to promote healthy and active aging (14).

Most previous studies on the life-course approach have
investigated the impact of childhood SES by using paternal
occupation as an indicator (6,15-19), while some studies
have adopted other proxies, such as perceptions of wealth
during childhood (16), housing conditions (20), or number
of siblings (21), to measure early childhood social environ-
ment. Recent studies have demonstrated the utility of subjec-
tive socioeconomic status (SSS) as a predictor of health (22),
although an association between childhood SSS and disabil-
ity has not been reported to our knowledge. An additional
proxy for childhood adversity is adulthood height, which
can be thought of as a marker of cumulative social and envi-
ronmental exposures during early childhood (23). Around
20% of variation in height is due to environmental variation
(23), which is mainly made up of childhood nutrition, dis-
ease status, educational attainment and lower socioeconomic
position (24). Previous reviews have indicated a robust link
between short stature and a range of diseases (25). To the best
of our knowledge, no study has investigated the associations
between childhood SSS and height with limitations in higher-
level functional capacity among older people.

The Japan Gerontological Evaluation Study Project is a
cohort study that evaluated both childhood environment and
higher-level functional capacity among community-dwelling
people aged 265 years in Japan. Baseline surveys were admin-
istered in 2010-2011 to individuals who were free of disabil-
ity as defined by the national long-term care insurance system.

Some of the participants lived through World War II, which
lasted from 1937 to 1945, while they were in early childhood.
People aged 65-69, 70-74, 75-79, and >80 years experi-
enced the end of World War II when they were aged 04, 5-9,
10-14, and 215 years, respectively. The period during and
immediately after World War II (1937-1945) in Japan was
associated with food shortages, rationing, and severe restric-
tions in the nutritional environment (26,27). Thus, this cohort
provides a unique opportunity to investigate the impact of
height (as a proxy of early childhood nutritional deprivation)
on subsequent limitations in higher-level functional capacity.

METHODS

Study Population
The goal of the Japan Gerontological Evaluation Study
2010 Project was to evaluate the health status and social

determinants of nondisabled people aged >65 years sam-
pled from 27 municipalities in 10 of the 47 prefectures in
Japan. The municipalities were selected throughout the
major islands of Japan (Hokkaido, Honshu, Kyushu, and
Okinawa), with the exception of Shikoku. Since the pri-
mary objective of the cohort is to examine the predictors of
disability onset, older people who were eligible to receive
public long-term care insurance benefits were excluded (ie,
older people with disability registered in municipality were
excluded) from the sample. In 15 municipalities, we sam-
pled the entire population of residents older than 65 years
(complete enumeration), while in the remaining 12 munici-
palities we mailed the surveys to a simple random sample
based on the official residential registers obtained from
municipal authorities.

A total of 117,494 residents aged 265 years at the time of
the baseline survey (which took place from August 10, 2010
to May 9, 2011) were targeted for the baseline question-
naire. Of the eligible participants, 78,769 people responded
to the survey (response rate: 67.0%, which is quite high for
a community-based survey of this type, where response
rates of 20% is the norm in many western countries). Of
the returned surveys, 4,425 were rejected because of miss-
ing data (valid response rate: 63.3%). One-quarter of the
sample in 25 municipalities (N = 18,194) was asked about
childhood environment. We further limited the sample to
respondents who gave nonmissing responses on sex and
responded 265 years of age (N = 17,723). To focus on the
association between childhood environment and limitations
in higher-level functional capacity, although initially sam-
ple with disability registered in municipality were excluded,
the sample was further limited to those who reported no
limitations in ADL, defined as those who can walk, take
a bath, and do toilet without assistance (N = 16,870). The
excluded sample with ADL limitations showed similar
childhood SSS with included sample (p = .37), although
the height of the excluded sample was shorter in general
(p <.01). Finally, since the study’s main outcome measure is
higher-level functional capacity, those who did not respond
fully to the Tokyo Metropolitan Institute of Gerontology
Index of Competence were excluded; this reduced the size
of the analysis sample to 15,499.

Assessment of Limitations in Higher-Level Functional
Capacity

Limitations in higher-level functional capacity was
assessed using the Tokyo Metropolitan Institute of
Gerontology Index of Competence (12), which was derived
from Lawton’s model of competence, comprised of 13 items
(see Supplementary Appendix), designed to cover instru-
mental self-maintenance (5 items), intellectual activities (4
items), and social roles (4 items) for older people (13). For
example, the respondents were asked, “Can you use pub-
lic transportation (bus or train) by yourself?”” with response
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items of “yes” or “no.” If respondents marked “no” for any
item, the respondent was classified as having some limita-
tion in higher-level functional capacity, while respondents
who marked “yes” for all items were classified as being
without limitation in higher-level functional capacity. This
scale is widely used in Japan to assess limitations in higher-
level functional capacity among older people (28-30).

Childhood SSS and Adulthood Height

Childhood SSS was assessed retrospectively by the fol-
lowing question on the self-administered questionnaire:
“How do you rate your social status when you were aged
15 years in comparison with standards at that time?”
Responses were rated on a five-point Likert scale with the
following anchors: high, middle-high, middle, middle-low,
and low. Retrospectively, recalled SSS has been used in a
previous study and showed similar association with health
status in comparison with objective SES in childhood,
although only among men (31). The participants’ current
height was also reported in the self-administered question-
naire. Previous studies confirmed a high correlation between
self-reported and measured height among Japanese (32)
and older people in Australia (33). Individuals reporting
height above 3 SDs from the mean height (as retrieved from
the 2010 Japanese National Health and Nutrition Survey
(34)) were excluded because considered as potential outli-
ers, yielding 1,617 invalid reports (10.4%). Further, height
was categorized into five groups in 5-cm intervals for each
sex: for men: <155, 155-159.9, 160-164.9, 165-169.9, and
>170cm; and for women: <145, 145-149.9, 150-154.9,
155-159.9, and 2160 cm.

Adult SES, Health Behaviors, Disease Status, and
Other Covariates

Potential mediators of the association between child-
hood adversity and old age functional limitations—such as
adult SES, health behaviors, and disease status—were also
assessed by self-administered questionnaire. Indicators of
adult SES included years of schooling (<6, 6-9, 10-12, or
>13 years) and annual household income in the year before
the survey (<1.5, 1.5-2.9, 3.0-4.9, or 25 million yen, 1 mil-
lion yen is equivalent to 10,000 dollars). Health behaviors
included drinking (current, quit, or never), smoking (cur-
rent, quit <4 years ago, quit 5 years ago, or never), vegeta-
ble and/or fruit intake during the past month (two servings
daily or more, once daily, 4-6 times weekly, 2-3 times
weekly, once weekly, less than once weekly, or never), and
average walking time per day (<30, 30-59, 60-89, or 90+
min). The respondents were also asked whether they were
currently under medical treatment for the following dis-
eases with yes/no responses: cancer, heart disease, stroke,
hypertension, diabetes mellitus, obesity, hyperlipidemia,
osteoporosis, joint disease/neuralgia, respiratory disease,

gastrointestinal disease, liver disease, psychiatric disease,
visual impairment, hearing impairment, impaired excre-
tion, sleep disorder, and other. Sex, marital status (married,
widowed, divorced, never married, or other), and living sta-
tus (whether or not the respondent was living alone) were
also asked via questionnaire. Further, municipality dummy
codes were added to adjust for municipality fixed effects.

Analysis

Poisson regression with robust variance estimator was
used to examine the associations between childhood SSS
and height with limitations in higher-level functional
capacity, stratified by age group. We employed Poisson
regression analysis with robust variance estimator because
of the relatively high prevalence of limitation of higher-
level functional capacity (>10%), which would result in
the divergence of odds ratios from the risk ratio (35,36).
Model 1 was adjusted for age and sex, model 2 additionally
adjusted for adult SES, model 3 additionally adjusted for
health behaviors, model 4 additionally adjusted for disease
status, and model 5 (the final model) additionally adjusted
for marital and living status. All analyses were performed
using STATA MP version 12.

RESULTS

The overall and age-stratified characteristics of the
study sample are shown in Supplementary Table 1. Of the
respondents in the total sample, 72%, 22%, and 11% were
married, widowed, and living alone, respectively. Regarding
childhood SSS, 44% considered that their childhood SES
was low compared with the rest of society; this did not
vary by age group. The distribution of participants in the
five height categories was as follows: 11% (in the short-
est group), 22%, 30%, 19%, and 7% (in the tallest group);
10% of respondents were missing information on height.
Around half of participants completed less than 10 years of
education. A further 45.2% earned less than 3 million yen
in annual income (1 million yen is equivalent to 10,000 dol-
lar). One third were current drinkers, while 10% were cur-
rent smokers. The major comorbid conditions reported by
participants were hypertension (39.8%), visual impairment
(14.0%), diabetes mellitus (12.9%), heart disease (11.9%),
joint disease or neuralgia (11.5%), and hyperlipidemia
(9.3%). In terms of limitations in higher-level functional
capacity, 57% of the total sample reported some disability
(as did 49%, 54%, 60%, and 71% of the sampled groups
aged 65-69, 70-74, 75-79, and 280 years, respectively).

Table 1 shows the prevalence rate ratios (PR) of limita-
tions in higher-level functional capacity according to child-
hood SSS and height, stratified by age group, using Poisson
regression. Overall, low childhood SSS showed a posi-
tive association with limitations in higher-level functional
capacity in all age groups. For example, older people aged
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65—69 years who considered their childhood SES as low
or middle-low were 1.39 times (95% confidence interval
[CI]: 1.23-1.57) more likely to report limitations in higher-
level functional capacity in comparison with similarly
aged people with high or middle-high childhood SES, after
adjustment for age and sex. Similar PRs were observed for
other age groups: for older people aged 70-74, 75-79, and
>80 years, the PRs of limitations in higher-level functional
capacity among those with low as opposed to high child-
hood SSS were 1.30 (95% CI: 1.17-1.44), 1.31 (95% CI:
1.18-1.46), and 1.18 (95% CI: 1.10-1.27), respectively.
The significant associations remained in all age groups even
after correction for mediators (adult SES, health behaviors,
disease status, marital status, and living status), although
the point estimates of PR were attenuated by covariance
adjustment.

In contrast to childhood SSS, adulthood height was
significantly inversely associated with limitations in
higher-level functional capacity only among the group
aged 70-74 years, that is, among those who experienced
the end of World War II when they were aged 5-9 years.
Model 1 indicates that in comparison with shorter older
people, the PRs of limitations in higher-level functional
capacity across ascending height groups were 0.91 (95%
CI: 0.83-1.01), 0.86 (95% CI: 0.78-0.94), 0.86 (95% CI:
0.78-0.95), and 0.78 (95% CI: 0.69-0.89), respectively.
The “dose-response” relationship was statistically sig-
nificant according to the test for linear trend (p for trend
< .001). This association persisted even after adjustment
for mediators. Further, the p for linear trend between
height and limitations in higher-level functional capac-
ity remained significant in model 5 (p for trend = .008,
data not shown). An association between height and
functional limitations was not found in the younger age
groups.

The impact of childhood SSS and adulthood height on
specific type of functional limitations (ie, instrumental
self-maintenance, intellectual activities, and social role
limitations) was further investigated (see Supplementary
Appendix). Then, we found that low childhood SSS
was significantly positively associated with limitations
in intellectual activities and social role limitations (see
Supplementary Table 2). By contrast, limitations in instru-
mental self-maintenance activities were not associated
with childhood SSS. A significant inverse association was
observed between height and the intellectual activities sub-
category of limitations in higher-level functional capacity
for all age groups. Among older people aged 70-75 years,
for example, the tallest group was 28% less likely to
report limitations in intellectual activities compared with
the shortest group (PR: 0.72, 95% CI: 0.58-0.90). The
remaining subcategories (ie, instrumental self-mainte-
nance and social role limitations) were not associated with
height, except social role limitations among people aged
70-74 years.

DiscussIoN

Using data from a large population-based study, we
showed that low childhood SSS was significantly associ-
ated with limitations in higher-level functional capacity
among older people without ADL limitations, especially in
the domains of intellectual activities and social roles. These
findings were consistent across all studied age groups (ie,
6569, 70-74, 75-79, and 280 years). Furthermore, adult-
hood height (considered a proxy of childhood nutritional
and social environment) was inversely associated with limi-
tations in higher-level functional capacity among older peo-
ple aged 70-74 years, who experienced the end of World
War II when they were aged 5-9 years. The fact that these
associations persisted after adjustment for SES attained in
adulthood suggests the long-lasting influence of childhood
adversity on functional limitations in old age.

The following pathways can possibly explain how low
childhood SES and height exert long-term influences on
higher-level functional activity limitations in old age: First,
low childhood SES may deleteriously affect the devel-
opment of health maintenance behaviors across the life
course. For example, those raised in low SES circumstances
may lack role models in terms of intellectual activities or
social roles—or what is referred to as the accumulation of
“cultural capital.” For example, parents in high SES house-
holds are more likely to read newspapers and participate in
a variety of social roles (37-39). This may explain why low
childhood SSS was not associated with self-maintenance
instrumental ADL in this study, that is, even those raised
in low SES circumstances acquire habits such as the use of
public transportation. Second, low childhood SES may trig-
ger a chain of risk that includes low adulthood SES, poor
health behaviors, and disease status, which are all associ-
ated with limitation in higher-level functional capacities—
the so-called “pathways model” in the life-course literature.
In our study, adding adult SES, health behaviors, and dis-
ease status to the statistical model attenuated the point
estimates of PR for limitations in higher-level functional
capacity; this suggests that low adult SES, poor health
behaviors (such as inactivity), and having a disease (such as
coronary heart disease) partially mediated the association
between low childhood SES and the outcome.

Our findings are consistent with those of previous studies
on childhood SES and disability. Using data from the U.S.
Health and Retirement Study, Bowen and Gonzalez reported
that low childhood SES (assessed by parental education and
occupation) was associated with ADL, instrumental ADL,
late-life disabilities as well as social and behavioral health
risks in adult life (7). Furthermore, among midlife popula-
tions, childhood SES has been directly linked with func-
tional limitations (ie, grip strength, reaching, walking, and
stair climbing) in the 1946 British National Birth Cohort
Study (8) and indirectly associated with cognitive function
in the UK Whitehall II study (10). Our study adds to this
literature by showing that low childhood SSS was directly
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associated with higher levels of functional (especially, intel-
lectual and social role) limitations.

To the best of our knowledge, this is the first study that
has shown an association between height and limitations in
higher-level functional capacity. Previous studies reported
that short height was associated with mortality or morbidity
from stroke and coronary heart disease (40,41), dementia
(42), and cognitive function (43,44). Moreover, a recent
study showed that height was associated with intelligence
and brain gray matter volume (45). Further, the current
study was conducted in a non-western setting, suggesting
the generalizability of the impact of childhood environment
on functional limitation in older age.

The impact of poor childhood nutritional environment
on limitations in higher-level functional capacity seems to
implicate the presence of a critical period in early child-
hood, assuming that the period during and immediately
after World War II (1937-1945) was associated with the
most severe restrictions in nutritional environment (26,27).
An important caveat is that we lacked data on the location
where participants spent their childhood, although nutrition
and clean water likely varied by location. The results are
interesting, as those exposed to the War conditions at ages
0—4 years showed no impact on higher functional ability;
the reasons for this result are unknown. The 65- to 69-year-
old cohort might have had a better environment after World
War II, while people aged 70-74 years might have suffered
from a poor nutritional environment even when they were
aged 0—4 years during and immediately after World War
II. Our findings suggest that the prepubertal period is criti-
cal for physical and cognitive development, as those who
experienced World War 1II after the prepubertal period (ie,
those aged 75-79 and 280 years) showed no association
between height and functional limitations. The importance
of the prepubertal period was also reported in a previous
study, although the measured outcome was not height; that
study reported that the age of achieving pubertal milestones
(assessed as first nocturnal emission, voice breaking, and
pubarche) was associated with cognitive functioning among
older men (46).

Our study has several limitations. First, childhood SSS
was assessed retrospectively because of the study’s cross-
sectional design; thus, the data are participant to recall bias,
and current health status might have affected the assessment
of childhood SSS. However, a previous study confirmed the
validity of retrospective assessed of childhood SSS using
sibling’s recall of measures of childhood socioeconomic
position (47). Second, in conjunction with the first point,
childhood SES was assessed subjectively in this study,
although previous studies assessed this variable in terms
of parental occupation or education (7,8,10). However, we
considered that SSS is a useful indicator that taps aspects of
social status beyond objective measures such as educational
attainment or occupation. Third, we used only relative
childhood SSS, but not other aspects of childhood adversity

such as parental death, divorce, or child maltreatment (48).
Fourth, adulthood height was self-reported, not meas-
ured objectively; this could introduce measurement error.
However, we used height as not a continuous but as a cat-
egorical variable, which minimizes misclassification. Fifth,
our response rate to the survey was 67%, and it is likely that
those who had activity limitations as well as those from low
childhood SSS backgrounds were less likely to respond to
the questionnaire; suggesting that our reported results might
underestimate the true underlying associations. Sixth, the
AGES cohort excluded persons with ADL limitations from
the baseline study sample, which may have led to an under-
estimation of the impact of height on functional limitations.

In summary, our findings implicate the “long arm” of
childhood socioeconomic circumstances on functional
capacity at older ages. Policies that mitigate childhood
adversity may yield health dividends at a distant point in
the future. Conversely, policies to address the prevention of
old age disability need to target not just those in midlife, but
points that are further “upstream” in the life course.
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