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ABSTRACT

Objectives This study aimed to evaluate the association
between early-life exposure to the Great Chinese Famine
(1959-1961) and the prevalence of poor physical function
in midlife.

Design A population-based historical prospective

study was performed as part of a wider cross-sectional
survey. Exposure to famine was defined by birthdate, and
participants were divided into non-exposed group, fetal-
exposed group and infant-exposed group.

Setting and participants A total of 3595 subjects

were enrolled into the study from the China Health and
Retirement Longitudinal Study (CHARLS) 2015 based on
random selection of households that had at least one
member aged 45 years old and older in 28 provinces of
mainland China.

Main outcome measures Physical function status was
assessed by a six-item self-report on the Barthel scale
which rated basic activities of daily living (BADL).
Results 743 (20.7%) out of all participants were exposed
to the Great Chinese Famine in their fetal periods, while
1550 (43.1%) participants were exposed at the age of
an infant. The prevalence of poor physical function in

the non-exposed group, fetal period-exposed group and
infant period-exposed group were 12.3%, 15.5% and
17.0%, respectively. Among males, after stratification by
gender and severity of famine, the prevalence of poor
physical function in the fetal period was significantly
higher (OR 2.40, 95% Cl 1.1810 4.89, p=0.015) than the
non-exposed group in severely affected areas, even after
adjusting for the number of chronic diseases, place of
residence, smoking and alcohol drinking habits, marital
status, educational level and body mass index. A similar
connection between prenatal and early postnatal exposure
to the Great Chinese Famine and the prevalence of poor
physical function in midlife, however, was not observed
from female adults.

Conclusions Males who were exposed to the Great
Chinese Famine (1959-1961) present considerably
decreased physical function in their later life.

INTRODUCTION

The Framework of Life-Course Epidemi-
ology proposes that physical growth and
development taking place during the life-
cycle, including prenatal life and childhood,

Strengths and limitations of this study

» This is the first study that evaluated the association
between prenatal and early postnatal exposure to
the Great Chinese Famine and the prevalence of
poor physical function in midlife, which this analysis
intends to fill in the gap in this range of research.

» The study applied the China Health and Retirement
Longitudinal Study (CHARLS) 2015 tracking survey,
which is a nationally representative longitudinal
survey.

» Stringent quality control measures were applied in
every stage of the CHARLS 2015 tracking survey,
which ensured the quality of our study.

» Selection bias was inevitable due to excess mortality
in early life; this might decrease the real effect of
famine exposure on physical function.

» Self-reported prevalence based on the Barthel scale
could be lower than the real prevalence of poor
physical function.

have long-term effects and consequences on
health and function in adulthood.' * Within
this framework, the Developmental Origins
of Health and Disease (DOHaD) assumes
that physical adaptations are responses to
early life (fetal and infant stages). Undernu-
trition would lead to bodily changes for early
survival, but might increase the prevalence
of adult chronic disease,” as well as age-re-
lated physical function decline.’ Impaired
physical function is an essential manifestation
of ageing process, which is associated with
increased morbidity and mortality.7 % Recent
literature showed that prenatal undernutri-
tion could result in poor physical function in
later life among males; meanwhile, prenatal
growth was one factor that predicts physical
performance among the elderly.” Low weight
at first postnatal year is associated with some
ageing markers such as decreased opacity,
low muscular strength'”'" and osteoarthritis
in men."?
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China Health and Retirement Longitudinal Study 2015
(@=21096)

16429 subjects were excluded because their dates
of birth were outside 01/01/1956-12/31/1958 or
10/01/1959-09/30/1961 or 10/01/1962-09/30/1964,
or were missing

| 4667 subjects were selected by the range of birthdate

1072 subjects were excluded because of lack of
BMI or BADL data

| 3595 subjects with complete data were retained |

Non-exposed group Fetal-exposed group Infant-exposed group
(n=1302) (n=743) (n=1550)

Figure 1 Flow chart on the sample selection methods in
each step. BADL, basic activities of daily living; BMI, body
mass index.

Furthermore, childhood development and growth have
an impact on physical performance in midlife'® and may
increase the prevalence of falls in later life."* Poor child-
hood health status has a long-range negative influence
on adult health outcomes in terms of self-reported health
status and successful ageing.””"17 These findings indicate
that early life malnutrition may increase the prevalence of
poor physical function to a certain extent.

Due to ethical limitations, we cannot perform similar
research to examine the DOHaD hypothesis of human
beings. However, historical famine provides direct
evidence for the hypothesis in humans and provides
a quasi-experimental setting for studying the effect of
severe undernutrition in early life on inverse health
outcomes.'® Due to inclement climatic conditions and
radical collectivisation movement, extreme food shortage
appeared on the entire mainland China between 1959
and 1961." # Different from the Dutch famine study,”
the Great Chinese Famine caused about 30 million prema-
ture deaths, lasted for more extended longer period and
was more severe.”” To investigate the association between
early life malnutrition and poor physical function in
later life in humans, reliable and solid evidence could be
provided through the Great Chinese Famine study.

In this study, we employed data derived from the China
Health and Retirement Longitudinal Study (CHARLS)
2015 to investigate the association between early-life expo-
sure to the Great Chinese Famine and the prevalence of
poor physical function in midlife.

METHODS

Database

This study was based on nationwide data derived from
the CHARLS 2015, which was aimed at providing a high-
quality public database with a wide range of information
to meet the needs of scientific and policy researchers on
ageing-related issues. A total number of 21096 individ-
uals from 12235 households were interviewed through a
face-to-face questionnaire, and the data collection of the
survey was performed from July 2015 to August 2015. The
representative samples were collected through a four-
stage, stratified, cluster sampling method®* of households

with atleast one member who aged 45 years old and above,
from the 450 communities, 150 counties, 28 provinces of
mainland China. The CHARLS 2015 also collected data
on height and weight, which was carried out by trained
interviewers. To correct for non-response and sampling
frame errors in each step of the CHARLS, the CHARLS
team created separate weights for individuals and house-
holds. The datasets analysed in the current study are avail-
able online (http://charls.pku.edu.cn/zh-CN/page/
data/2015-charls-wave4) 2

Defining famine groups

Participants were divided into a non-exposed group and
two famine-exposed groups (fetal-exposed and infant-ex-
posed) by birthdate. The Great Chinese Famine started
in January 1959 and ended in October 1961. Due to the
fact that the exact dates on which the Great Chinese
famine began and ended were not precise, and in
order to minimise classification bias, participants born
between 1 January 1959 and 30 September 1959 and
between 1 October 1961 and 30 September 1962 were
excluded.'" The birthdates of the three groups were
10/01/1962 to 09/30/1964 (non-exposed group),
10/01/1959 to 09/30/1961 (fetal stage-exposed group)
and 01/01/1956 to 12/31/1958 (infant stage-exposed

group).

Sample

In the current study, 4667 participants were enrolled into
three groups defined by birthdates. After excluding 1072
participants with missing data of body mass index (BMI)
or functional limitations, 3595 subjects participated in
the study (figure 1).

Famine severity

Since different provinces in mainland China vary from
climate, population density and policies regarding
the shortage of foods, the severity of famine fluctu-
ated sharply across regions.”* Excess mortality was the
change in mortality rate from the average in 1956-1958
to the highest value among the period of 1959-1962
and was used to reflect the severity of famine exposure
in the current study, which is consistent with previous
studies."* ** The regions with excess mortality of 100%
were used to differentiate the severely affected areas from
the mildly affected areas in this study.”

Measurements

Defining poor physical function

Physical function status was assessed through self-re-
porting on six items on Barthel’s scale (basic activities
of daily living (BADL)),* a tool for studying the ageing
process.”’ The six items included dressing, bathing,
feeding, getting in or out of bed, toileting and control
of urination and defecation. There were four possible
responses for each activity: ‘no difficulties', ‘have some
difficulties but still can do without help’, ‘need help’
and ‘unable to do’. Poor physical function was identified
by the response ‘have some difficulties but still can do
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without help’, ‘need help’ or ‘unable to do’ in atleast one
of the six activities.

Assessment of covariates

Covariates such as demographics (birthdate, gender,
residence place, education, marital status), lifestyles
(smoking and alcohol drinking) and 14 types of self-re-
ported chronic diseases were collected during face-to-face
in-house interviews conducted by trained interviewers,
and general obesity (body mass index (BMI)) was calcu-
lated from the height and weight of the biomarker data.
Further, place of residence included urban and rural
areas. Educational level was grouped into four stages:
primary school or below, middle school, high school,
college or above. Marital status was classified into ‘living
with spouse’ (married with spouse present, cohabiting)
and ‘living without spouse’ (married but temporarily not
living with spouse for reasons such as work, separated,
divorced, widowed or never married). Smoking status was
characterised into ‘never smoked’, ‘past smoking’ and
‘currently smoking’ (smoked at least one cigarette per
day in the last year). Alcohol drinking status was catego-
rised into ‘never drank’ and ‘drinker’ (drank at least once
per month in the last year). The diagnosis of 14 types of
chronic diseases was based on whether the respondents
had been diagnosed with any of the following conditions:
hypertension, dyslipidaemia, diabetes or elevated blood
sugar; malignant tumours such as cancer, chronic lung
disease, liver disease, heart disease, stroke, kidney disease,
stomach disease or digestive system disease; emotional
and mental problems, memory-related diseases, arthritis/
rheumatism, and asthma. Participants who replied ‘yes’
were described as suffering from the diagnosed disease,
while participants who responded ‘no’ were deemed
disease-free. BMI was categorised as underweight
(<18.5kg/m?%), normal (18.5-23.9kg/m?), overweight
(24.0—27.9kg/m2) or obese (228.0kg/m2) based on
the Chinese criteria.”®

Statistical analysis

Continuous variables were expressed as mean+SD
and categorical variables were expressed as frequency
(percentages). The y° test was used to compare differ-
ences in basic characteristics and the prevalence of poor
physical function between the two famine-exposed groups
and the non-exposed group.

The association between exposure to famine and poor
physical function was determined with binary logistic
regression analysis. The unadjusted results and results
adjusted for different covariates are presented. Results
were adjusted by gender, famine severity, number of
chronic diseases, place of residence, smoking, alcohol
drinking, marital status, educational level and BMI. In
consideration of the possibility that severity of famine
might affect people differently, and that early-life expo-
sure affected men and women differently, severity-strat-
ified famine and sex-stratified analyses were applied.
Data were expressed as OR and 95% CI. A two-sided

p value<0.05 was considered statistically significant for all
analyses. All statistical analyses were conducted with IBM
SPSS Statistics V.17 for Windows (IBM SPSS, Chicago, IL,
USA).

Patient and public involvement

In the present study, we used the data from CHARLS,
which is a nationally representative longitudinal survey.
The Patients or the public were not involved.

RESULTS

The basic characteristics of the study population are shown
in table 1. A total of 3595 participants were involved in the
study. The results showed that 743 (20.7%) participants
were exposed to the Great Chinese Famine in the fetal
period, while 1550 (43.1%) participants were exposed
as infants. The prevalence of poor physical function
among individuals in the non-exposed group, fetal-ex-
posed group and infant-exposed group was 12.3%, 15.5%
and 17.0%, respectively. Compared with the unexposed
group, the prevalence of poor physical function was
significantly higher in the fetal period-exposed and the
infant-exposed groups (p=0.002).

Table 2 shows the prevalence and prevalence of poor
physical function. The fetal period-exposed (OR 1.32,
95% CI 1.01to 1.71, p=0.041) and infant period-exposed
(OR 1.42, 95% CI 1.14to 1.76, p=0.002) groups had
significantly high prevalence of poor physical function
after adjustment for gender, severity of famine, number
of chronic diseases, place of residence, smoking, alcohol
drinking, marital status, educational level and BMI,
compared with the non-exposed group. The same proce-
dures were conducted in analysing the prevalence of high
difficulties with dressing, bathing or showering, eating,
getting in or out of bed, using the toilet and control of
urination and defecation. Compared with the non-ex-
posed group, it was observed that all the famine-exposed
groups had significantly increased the prevalence of high
difficulty with using the toilet and difficulty with bathing
or showering after adjustment for multiple covariates.
The infant-exposed group had a significantly higher prev-
alence of difficulty with dressing (p<0.05). However, no
consistent associations were found concerning high diffi-
culty with eating, getting in or out of bed and controlling
urination and defecation (p>0.05).

Table 3 presents the prevalence of poor physical func-
tion of the exposed groups, relative to the non-exposed
group stratified by severity of famine across the entire
mainland China. In less severely affected famine areas,
compared with the non-exposed group, only the OR of
poor physical function for infant-exposed group was statis-
tically significant (OR 1.44, 95% CI 1.09to 1.91, p=0.010)
even after adjusting for gender, number of chronic
diseases, place of residence, smoking, alcohol drinking,
marital status, educational level and BMI (OR 1.41, 95%
CI 1.06to 1.87, p=0.018). No consistent association in the
fetal period-exposed group was found in poor physical
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Fetal period-exposed Infant period-exposed

Characteristics Non-exposed group group group P value

n 1302 743 1550

Born in severely affected area, n (%) 531 (40.8) 252 (33.9) 580 (37.4) 0.008

Living with spouse, n (%) 1165 (89.5) 653 (87.9) 1351 (87.2) 0.157

Never 822 (63.1) 445 (59.9) 894 (57.7) 0.024
Past 119 (9.1) 84 (11.3) 190 (12.3)
Current 361 (27.7) 214 (28.8) 466 (30.1)

Chronic diseases, n (% )

Education level, n (%)

General obesity (BMI), n (%)

Prevalence of poor physical function,
n (%)

160 (12.3)

115 (15.5)

264 (17.0) 0.002

Bold values means P<0.05, statistical significant level.
BMI, body mass index.

function (p>0.05). However, in severely affected famine
area, the OR of poor physical function for infant-exposed
(OR 1.55,95% CI 1.03to 2.34, p=0.037) and infant groups
(OR 1.45,95% CI 1.03to 2.03, p=0.033) were statistically
significant, compared with the non-exposed group, after
adjusting for multiple covariates.

Stratified analysis by gender and severity of famine
is displayed in table 4 and figure 2. Among males,
when compared with the non-exposed group, expo-
sure at the fetal period (OR 2.43, 95% CI 1.20to 4.94,
p=0.014) significantly increased the prevalence of
poor physical function after adjusting for number of
chronic diseases, place of residence, smoking, alcohol
drinking, marital status, educational level and BMI

in severely affected areas. No consistent associations
between fetal and infant-exposed groups were found
in less seriously affected famine areas (p>0.05). Among
females, the adjusted prevalence of poor physical func-
tion for two exposed groups suggested no statistically
significant differences (p>0.05).

Figure 2 outlines the absolute prevalence of poor
physical function. In females, the absolute prevalence
of poor physical function is higher than in males. It is
observed in both less-severely and severely famine-af-
fected regions. There is no difference at all for females
by exposure severity, with subjects exposed at early
infanthood showing the highest prevalence of poor
physical function, followed by those exposed in utero.

E-
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Table 2 Comparison of prevalence of poor physical function between famine-exposed groups and non-exposed group*

Prevalence Crude model Adjusted modelt
% OR (95% Cl) P value OR (95% Cl) P value

Difficulty with dressing

Non-exposed group 34 (2.6) Ref. Ref.

Fetal-exposed group 29 (3.9) 1.52 (0.92 to 2.51) 0.106 1.54 (0.93 to 2.56) 0.095

Infant-exposed group 71 (4.6) 1.79 (1.18 to 2.71) 0.006 1.72 (1.13 t0 2.62) 0.012
Difficulty with bathing or showering

Non-exposed group 35 (2.7) Ref. Ref.

Fetal-exposed group 32 (4.3) 1.63 (1.00 to 2.65) 0.050 1.66 (1.02 to 2.72) 0.044

Infant-exposed group 77 (5.0 1.89 (1.26 to0 2.84) 0.002 1.75 (1.16 to 2.65) 0.008
Difficulty with eating

Non-exposed group 16 (1.2) Ref. Ref.

Fetal-exposed group 12 (1.6) 1.32 (0.62 to 2.80) 0.471 1.32 (0.62 to 2.83) 0.474

Infant-exposed group 27 (1.7) 1.43 (0.76 to 2.66) 0.265 1.17 (0.62 to 2.20) 0.629
Difficulty with getting in or out of bed

Non-exposed group 57 (4.4) Ref. Ref.

Fetal-exposed group 37 (5.0 1.15(0.75 to 1.75) 0.532 1.14 (0.74 to 1.75) 0.553

Infant-exposed group 76 (4.9) 1.13(0.79 to 1.60) 0.508 1.06 (0.74 to 1.51) 0.760
Difficulty with using the toilet

Non-exposed group 94 (7.2) Ref. Ref.

Fetal-exposed group 76 (10.2) 1.46 (1.07 to 2.01) 0.018 1.46 (1.06 to 2.02) 0.021

Infant-exposed group 175 (11.3) 1.64 (1.26t02.13)  <0.001 1.61(1.23t02.11)  <0.001
Difficulty with controlling urination and defecation

Non-exposed group 32 (2.5) Ref. Ref.

Fetal-exposed group 16 (2.2) 0.87 (0.48 to 1.60) 0.662 0.89 (0.48 to 1.63) 0.694

Infant-exposed group 49 (3.2) 1.30 (0.83 to 2.04) 0.261 1.20 (0.76 to 1.90) 0.435
Poor physical function

Non-exposed group 160 (12.3) Ref. Ref.

Fetal-exposed group 115 (15.5) 1.31 (1.01 to 1.69) 0.042 1.32 (1.01 to 1.71) 0.041

Infant-exposed group 264 (17.0) 1.47 (1.19t0 1.81) <0.001 1.42 (1.14 t0 1.76) 0.002

*Calculations were made using binary logistic regression analysis. OR represents the ratio of the probability of poor physical function for those
who were exposed to famine, compared with those who were not exposed to famine, at 95% Cls.
TAdjusted for gender, famine severity, number of chronic diseases, place of residence, smoking, alcohol drinking, marital status, educational

level and body mass index.
Bold values means P<0.05, statistical significant level.

DISCUSSION

This is the first study to suggest a relation between early-life
undernutrition and poor physical function using national
data from China. It was observed that early-life exposure to
the Great Chinese Famine significantly increased the preva-
lence of poor physical function in midlife. After stratifying
by gender and famine, it was found that only fetal exposure
to severe famine resulted in considerably increased preva-
lence of poor physical function in male adults. However, the
absolute prevalence of poor physical function in females was
higher compared with males. It was observed in both less-se-
verely and severely famine-affected regions. These results
suggested that early-life poor nutritional might be a critical
factor for physical function development in their midlife.

The sensitivity analyses with a different definition
of the outcome (two answers or more of ‘have some
difficulties but still can do without help’, ‘needs help’
and”unable to do’) show the same result that the fetal
period-exposed (OR 1.34,95% CI 0.89to 1.99, p=0.158)
and infant period-exposed (OR 1.48, 95% CI 1.07to
2.06, p=0.019) groups had higher prevalence of poor
physical function after adjustment for gender, severity of
famine, number of chronic diseases, place of residence,
smoking, alcohol drinking, marital status, educational
level and BMI compared with the non-exposed group.
The definition of the outcome in this study is effective
and appropriate.

Tao T, et al. BMJ Open 2019;9:€027450. doi:10.1136/bmjopen-2018-027450



Table 3 Prevalence of poor physical function in birth groups in the Great Chinese Famine area*

Prevalence Crude model Adjusted modelt
% OR (95% Cl) P value OR (95% Cl) P value
Less severely affected famine area
Non-exposed group 91 (11.8) Ref. Ref.
Fetal-exposed group 67 (13.6) 1.18 (0.84 to 1.66) 0.335 1.20 (0.85 to 1.69) 0.309
Infant-exposed group 157 (16.2) 1.44 (1.09 to 1.91) 0.010 1.41 (1.06 to 1.87) 0.018
Severely affected famine area
Non-exposed group 69 (13.0) Ref. Ref.
Fetal-exposed group 48 (19.0) 1.58 (1.05 to 2.36) 0.027 1.55 (1.03 to 2.34) 0.037
Infant-exposed group 107 (18.4) 1.52 (1.09 to 2.10) 0.013 1.45 (1.03 to 2.03) 0.033

*Calculations were made using binary logistic regression analysis. OR represents the ratio of the probability of poor physical function for those
who were exposed to famine, compared with those who were not exposed to famine, at 95% Cls.
TAdjusted for gender, number of chronic diseases, place of residence, smoking, alcohol drinking, marital status, educational level and body

mass index.
Bold values means P<0.05, statistical significant level.

The current study focused on physical function as the
primary outcome and noticed that fetal exposure to the
severe Great Chinese Famine significantly increased the
prevalence of poor physical function in later life. There are
no existing studies on direct assessment of the effect of the
Great Chinese Famine exposure in early life on physical

function in middle age. However, a recent study explained
that a good childhood health status increases the proba-
bility of better adult physical function by 14% (95% CI 12%
to 17%).* This implies that early-life stages could be crit-
ical periods for physical function in midlife.'? The devel-
opment of the musculoskeletal system might account for

Table 4 Prevalence of poor physical function in birth groups by gender and severity of the Great Chinese Famine area*

Prevalence Crude model Adjusted modelt
n (%) OR (95% Cl) P value OR (95% Cl) P value

Less severely affected famine area
Male

Non-exposed group 26 (7.6) Ref. Ref.

Fetal period-exposed group 19 (8.4) 1.11 (0.60 to 2.06) 0.732 1.12 (0.60 to 2.08) 0.733

Infant period-exposed group 53 (11.3) 1.55 (0.95 to 2.53) 0.082 1.45 (0.88 to 2.38) 0.144
Female

Non-exposed group 65 (15.2) Ref. Ref.

Fetal period-exposed group 48 (18.2) 1.24 (0.82 to 1.87) 0.301 1.21 (0.80 to 1.84) 0.366

Infant period-exposed group 104 (20.8) 1.47 (1.05 to 2.07) 0.027 1.37 (0.97 to 1.95) 0.076
Severely affected famine area
Male

Non-exposed group 20 (8.0) Ref. Ref.

Fetal period-exposed group 17 (16.3) 2.26 (1.13 to 4.51) 0.021 2.43 (1.20 to 4.94) 0.014

Infant period-exposed group 37 (13.5) 1.80 (1.02 to 3.20) 0.044 1.66 (0.92 to 3.00) 0.096
Female

Non-exposed group 49 (17.5) Ref. Ref.

Fetal period-exposed group 31 (20.9) 1.25 (0.76 to 2.06) 0.385 1.24 (0.74 to 2.06) 0.416

Infant period-exposed group 70 (22.9) 1.40 (0.93 to 2.10) 0.107 1.34 (0.88 to0 2.03) 0.168

*Calculations were made using binary logistic regression analysis. OR represents the ratio of the probability of poor physical function for those
who were exposed to famine, compared with those who were not exposed to famine, at 95% Cls.
TAdjusted for number of chronic diseases, place of residence, smoking, alcohol drinking, marital status, educational level and body mass

index.
Bold values means P<0.05, statistical significant level.
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these associations since protein deficiency due to famine
may affect growth to optimal size. Nutrient factors affect the
development of an optimal muscle mass which partly deter-
mines late life muscle mass and function.’

In the present study, it was observed that fetal and
infant exposure to the Great Chinese Famine significantly
increased the prevalence of high difficulty with using
toilet and bathing or showering, while infant exposure
significantly increased the prevalence of difficulty with
dressing. However, no consistent results were observed
for difficulty with eating, getting in or out of bed and
control of urination and defecation. The results revealed
that the effects of famine exposure on disability in BADL
in late life involved using the toilet, dressing, and bathing
or showering.

The currentstudy had combined further direct evidence
in human beings for the fetal origin hypothesis.”” * The
findings in this investigation are consistent with the
results of the Dutch study which reported that exposure
to prenatal undernutrition among males was associated
with poor physical function in their later life.” The poor
physical function in later life due to fetal stage exposure
was more obvious in male than in female survivors. This
seemed to be contradictory to the reported effect of
severity of famine exposure on the sexes, in which the
survival of male children was given preference over that of
female children due to the tradition of ‘preferring boys to
girls’.”” This was inconsistent with chronic lung diseases.*
One explanation for the sex-specific effects could be the
differences in skeletal muscle metabolism: women have
high metabolic flexibility in which substrate oxidation is
readily adapted by nutrient availability.”® Another expla-
nation is that when muscle mass is affected, the higher
relative loss of muscle mass might be seen in men than in

women because adult men have greater total lean mass
and a lower fat mass than adult women.* These gender
gaps are consistent with the reports of the Dutch famine
literature. Besides, the same study cohort described the
sex-specific effects of prenatal undernutrition.”

There are some limitations in this study. One major
limitation is selection bias which was caused by excess
mortality in early life and ‘preferring boys to girls’ attitude
common in China. The Great Chinese Famine might have
spared the stronger and healthier subjects and gotten rid
of the weaker ones. And the loss of girl participants in the
exposed group may add to the explanation of the lack
of associations between undernutrition and poor physical
function in female in the current study. This selection
bias may decrease the real effect of famine exposure on
physical function,'® which did relatively reduce the trust-
worthiness of the study. Second, the present study lacks
objective indicators of birth characteristics that reflect the
severity of famine exposure. Such indicators include birth
weight and head circumference which were used in other
Chinese famine studies.'* % Third, due to the fact that
the Great Chinese Famine lasted for 3years (1959-1961),
the fetal period-exposed group was separated from the
infant-exposed group. Fourth, there was a potential infor-
mation bias which may result from the subjective nature
of the outcome variable. Besides, the time lag within the
data collection process, the investigation and analysis of
data, and the arriving of results are another limitations
that need to be recognised. Notwithstanding these limita-
tions, this study used national data from CHARLS 2015
which had broad representation, and suggested that
early-life exposure to the Great Chinese Famine signifi-
cantly increased the prevalence of poor physical function
in middle-age life.

CONCLUSION

These results indicate that exposure to the Great Chinese
famine significantly increased the prevalence of poor
physical function in later life, especially fetal exposure
in males who had a distinctly higher prevalence of poor
physical function in middle-age life.
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