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ABSTRACT

Objectives To evaluate the association between early-life exposure to the Great Chinese Famine 

(1959–1961) and the risk 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 which had at least one member who was 45 years old or older in 28 provinces of 

Chinese Mainland. 

Main outcome measures Physical function status was assessed by a six-item self-report on 

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 age of 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. In males, after stratification by gender 

and severity of famine, the risk of poor physical function in fetal period was significantly higher 

(Odds ratio 2.40, 95 % confidence interval= 1.18 to 4.89, p =0.015) than the non-exposed group 

in severely affected areas, even after adjusting for number of chronic diseases, place of residence, 
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smoking and drinking habits, marital status, educational level, and BMI. A similar association, 

however, was not observed in female adults. 

Conclusionss Males who were exposed to the 1959 – 1961 Great Chinese Famine manifest 

considerably decreased physical function in later life.

Article Summary

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 risk of poor physical function in midlife using a 

nationwide data from China.

The current study used the China Health and Retirement Longitudinal Study 2015 tracking 

survey from the 28 provinces of Chinese Mainland, and found that exposure to the Great Chinese 

famine significantly increased the risk of poor physical function in later life, especially fetal 

exposure in males who had distinctly elevated risk of poor physical function in middle-age life.

Selection bias was inevitable due to excess mortality in early life: this may decrease the real 

effect of famine exposure on physical function. Self-reported prevalence based on Barthel scale 

could be lower than the real prevalence of poor physical function.
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INTRODUCTION

The Framework of Life-Course Epidemiology proposes that growth and development taking 

place during the course of life, including prenatal life and childhood, have long-term effects and 

consequences on health and functioning in adulthood1,2. Within this framework, the 

Developmental Origins of Health and Disease (DOHaD) supposes that adaptations are responses 

to early-life (fetal and infant stages). Undernutrition leads to bodily changes in favor of early 

survival, but may increase the risk of adult chronic disease3-5, as well as age-related decline in 

physical function6. Impaired physical function is an important manifestation of aging, which is 

associated with increased morbidity and mortality7, 8. Recent literature showed that prenatal 

undernutrition can lead to poor physical function in later life in men, while prenatal growth was 

one factor that predicts physical performance in the elderly9. Low weight at first postnatal year 

is associated with a number of ageing markers such as decreased opacity, low muscular 

strength10,11, and osteoarthritis in men12. Furthermore, childhood development and growth 

impact on physical performance in midlife13, and may increase the risk of falls in later life14. 

Poor childhood health status has long-range negative influence on adult health outcomes in terms 

of self-reported health status, and successful aging15-17. These findings indicate that early life 

malnutrition may increase the risk of poor physical function to a certain extent.

Due to ethical limitations, we cannot perform similar research to examine the DOHaD 

hypothesis on 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 outcomes18. Due to inclement climatic conditions 

and radical collectivization movement, extreme food shortage appeared on the entire Mainland 

China between 1959 and 1961 19, 20. Different from the Dutch famine study21, the Great Chinese 

Famine caused about 30 million premature deaths, lasted for a longer period, and was more 

severe22. To investigate the association between early life malnutrition and poor physical 

function in later life in humans, reliable and better evidence can be provided through the Great 

Chinese Famine study. 

In the present study, we used data derived from the China Health and Retirement Longitudinal 

Study (CHARLS) 2015 to investigate the association between early life exposure to the Great 

Chinese Famine and the risk of poor physical function in midlife.
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METHODS

Sample and participants
This study was based on nationwide data derived from the China Health and Retirement 

Longitudinal Study (CHARLS) 2015, which was aimed at providing a high-quality public 

database with a wide range of information to satisfy the needs of scientific and policy researchers 

on aging-related issues. The representative samples were obtained through random selection of 

households with at least one member who was 45 years old or older, from the 28 provinces of 

Chinese Mainland. The datasets analyzed in the current study are available online 

(http://charls.pku.edu.cn/zh-CN/page/data/2015-charls-wave4). Details of the sampling 

procedure and a description of CHARLS are available elsewhere23. In the current study, 4667 

participants were enrolled into three groups defined by birthdates. After excluding 1072 

participants with missing data of BMI or functional limitations, 3595 subjects participated in the 

study (Figure 1).The Medical Ethics Committee of Peking University granted the present study 

exemption from review. All the participants were informed and consented to the protocol of the 

study.

Defining famine groups
Participants were divided into non-exposed group and two famine-exposed groups (fetal- and 

infant-exposed) on the basis of birthdate. Due to the fact that the exact dates on which the Great 

Chinese famine started and ended were not clear, and in order to minimize classification bias, 

participants born between January 1 , 1959 and September 30, 1959; and between October 1, 

1961 and September 30, 1962 were excluded14.The birth dates 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). 

Famine severity

Due to the fact that different provinces in Chinese Mainland have differences in climate, 

population density and policies regarding shortage of foods, the severity of famine fluctuated 

sharply across regions24. Excess mortality was used to reflect the severity of famine exposure in 

the current study, which is consistent with previous studies14, 24. The regions with excess 
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mortality of 100 % were used to differentiate the severely-affected areas from the mildly-affected 

areas in the current study25.

Measurements

Defining poor physical function

Physical function status was assessed through self-reporting on six items on Barthel’s scale 

(BADL)26, a tool for studying the aging process27. The six items were dressing, bathing, feeding, 

getting in or out of bed, toileting, and control of urination and defecation. There were four 

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 ‘need help’ 

or ‘unable to do’ in at least one of the six activities. 

Assessment of covariates

Covariates such as demographics (birth date, gender, residence place, education, marital status); 

lifestyles (smoking and drinking), and 14 types self-reported chronic diseases, were collected 

during face-to-face in-house interviews conducted by trained interviewers, and general obesity 

(body mass index) was calculated from the height and weight of the biomarker data. Further, 

Residence place including urban and rural. Educational level was classified into four: 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 categorized into ‘never smoked’ and ‘currently 

smoking’ (smoked at least one cigarette per day in the last year). Drinking status was categorized 

into ‘never drank’ and ‘current drinker’(drank at least once per month in the last year).The 

diagnosis of 14 types chronic diseases was based on whether the respondents had been diagnosed 

with any of the following conditions: hypertension, dyslipidemia, diabetes or elevated blood 

sugar; malignant tumors 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 answered ‘yes’ 

were categorized as suffering from the disease diagnosed, while participants who answered ‘no’ 

were deemed disease-free. Body mass index (BMI) was categorized as underweight (< 18.5 
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kg/m2), normal (18.5 to 23.9 kg/m2), overweight (24.0 to 27.9 kg/m2), or obese (≥28.0 kg/m2) 

based on Chinese criteria28.

Statistical analysis
Continuous and categorical variables were expressed as mean ± standard deviation mean (SD) 

and frequency (percentages), respectively. The χ2 test was used to compare differences 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, drinking, marital status, educational level and BMI. In 

consideration of the possibility that severity of famine may affect people differently, and that 

early life exposure affected men and women differently, severity-stratified 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 done with IBM SPSS 

Statistics 17 for Windows (IBM SPSS Inc., Chicago, Illinois, United States).

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 participants (20.7 %) were 

exposed to the Great Chinese Famine in the fetal period, while 1550 participants (43.1 %) were 

exposed as infants. The prevalence of poor physical function among individuals in non-exposed 

group, fetal-exposed group and infant-exposed group were 12.3, 15.5, and 17.0 %, respectively. 

Compared with unexposed group, the prevalence of poor physical function were significantly 

higher in fetal period-exposed and the infant-exposed groups (p =0.002).

Table 2 shows the prevalence and risk of poor physical function. The fetal period-exposed (OR 

1.32, 95 % CI = 1.01 to 1.72, p = 0.040), and infant period-exposed (OR 1.42, 95 % CI = 1.14 

to 1.76, p = 0.002) groups had significantly high risk of poor physical function after adjustment 
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for gender, severity of famine, number of chronic diseases, place of residence, smoking, 

drinking, marital status, educational level and BMI, when compared with the non-exposed group. 

The same procedures were conducted in analyzing the risk of elevated 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-exposed group, it was observed that all the famine-

exposed groups had significantly increased risks of elevated difficulty with using the toilet and 

difficulty with bathing or showering, after adjustment for multiple covariates. The infant-

exposed group had significantly higher risks of difficulty with dressing (p < 0.05). However, no 

consistent associations were found with respect to elevated difficulty with eating, getting in or 

out of bed, and controlling urination and defecation (p > 0.05).

Table 3 shows the risk of poor physical function 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 odds ratio of poor 

physical function for infant-exposed group was statistically significant (OR 1.44, 95 % CI = 1.09 

to 1.91, p = 0.010) even after adjusting for gender, number of chronic diseases, place of 

residence, smoking, drinking, marital status, educational level and BMI (OR 1.41, 95 % CI = 

1.06 to 1.87, p = 0.018). No consistent association in fetal period-exposed group was found in 

poor physical function (p > 0.05). However, in severely affected famine area, the OR of poor 

physical function for infant-exposed (OR 1.55, 95 % CI = 1.03 to 2.34, P=0.037) and infant 

groups (OR 1.45,95 % CI = 1.04 to 2.03, p = 0.031) were statistically significant, when compared 

with the non-exposed group, after adjusting for multiple covariates.

Stratified analysis by gender and severity of famine is shown in Table 4 and Figure 2. In males, 

when compared with the non-exposed group, exposure at the fetal period (OR 2.40, 95 % CI = 

1.18 to 4.89, p = 0.015) significantly increased the risk of poor physical function after 

adjusting for number of chronic diseases, place of residence, smoking, 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). In 
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females, the adjusted risk of poor physical function for two exposed groups showed no 

statistically significant differences (p > 0.05).

DISCUSSION

In the present study, it was observed that early-life exposure to the Great Chinese Famine 

significantly increased the risk 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 risk of poor physical function in male adults. This is the first study to suggest a 

relationship between early-life undernutrition and poor physical function using a nationwide data 

from China.

The current study focused on physical function as the main outcome, and found that fetal 

exposure to the severe Great Chinese Famine significantly increased the risk of poor physical 

function in later life. There are no extant studies on direct assessment of the effect of the Great 

Chinese Famine exposure in early life on physical function in middle-aged. However, a recent 

study showed that a good childhood health status increases the probability of excellent adult 

physical function by 14 % (95 % CI: 12–17 %)29.This implies that early-life stages could be 

critical periods for physical function in midlife12. The development of musculoskeletal system 

might account for 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 

determines late life muscle mass and function6.

In the present study, it was observed that fetal and infant exposure to the Great Chinese Famine 

significantly increased the risks of elevated difficulty with using the toilet and bathing or 

showering, while infant exposure significantly increased the risk of difficulty with dressing. 

However, no consistent results were seen for difficulty with eating, getting in or out of bed, and 

control of urination and defecation. The results showed that the effects of famine exposure on 

disability in BADL in late life involved using the toilet, dressing and bathing or showering.

The current study had further added new direct evidence in human beings for the fetal origins 

hypothesis30,31. The findings in this investigation are consistent with the results of the Dutch 

study which reported that exposure of men to prenatal undernutrition was associated with poor 

physical function in later life9. The poor physical function in later life due to fetal stage exposure 

was more obvious in male than 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 
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given preference over that of female children due to the tradition of ‘preferring boys to girls’32. 

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 

adjusted in accordance with nutrient availability33. Another explanation is that when muscle 

mass is affected, 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 women34. These 

gender differences are consistent with the reports of the Dutch famine literature. Furthermore, 

the same study cohort described the sex-specific effects of prenatal undernutrition35. 

There are some limitations in this study. One major limitation is selection bias which was 

caused by excess mortality in early life. The Great Chinese Famine might have spared the 

stronger and healthier subjects and gotten rid of the weaker ones. This selection bias may 

decrease the real effect of famine exposure on physical function18. Secondly, the present study 

lacks objective indicators of birth characteristic that reflect the severity of famine exposure. Such 

indicators include birth weight and head circumference which were used in other Chinese famine 

studies14, 36. Thirdly, due to the fact that the Great Chinese Famine lasted for three years (1959–

1961), the fetal period-exposed group was separated from the infant-exposed group. 

Notwithstanding these limitations, this study used national data from CHARLS2015 which had 

broad representation, and found that early-life exposure to the Great Chinese Famine 

significantly increased the risk of poor physical function in middle-age life.

CONCLUSION

These results indicate that exposure to the Great Chinese famine significantly increased the risk 

of poor physical function in later life, especially fetal exposure in males who had distinctly 

elevated risk of poor physical function in middle-age life.
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Figure Legends

Figure 1. Flow chart on the sample selection methods in each step

Figure 2. Differences in risk of poor physical function as determined through stratified 

analysis by gender and severity of famine
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Table 1. Basic characteristics of the study population

Characteristics
Non-exposed 
group Fetal period-

exposed group

 Infant period-
exposed
 Group

  p 

Birth date 10/1/1962–
9/30/1964

10/1/1959–
9/30/1961

01/01/1956–
12/31/1958

n 1302 743 1550
Female, n（%） 708(54.4) 412(55.5) 805(51.9) 0.216
Born in severely affected 
area n (%) 531(40.8) 252(33.9) 580(37.4) 0.008

Urban, n (%) 532(40.9) 279(37.6) 573(37.0) 0.087
Living with spouse, n 
(%) 1165(89.5) 653(87.9) 1351(87.2) 0.157

Current smoking, n（%
）

361(27.7) 214(28.8) 466(30.1) 0.388

Current drinking, n（%
）

387(29.7) 213(28.7) 423(27.3) 0.354

Chronic diseases, n（%
）

0 379(29.1) 209(28.1) 440(28.4)
1 371(28.5) 200(26.9) 422(27.2)
2 240(18.4) 155(20.9) 307(19.8)
3 147(11.3) 89(12.0) 177(11.4)
4 97(7.5) 49(6.6) 98(6.3)
≥5 (multiple) 68(5.2) 41(5.5) 106(6.8)

0.694

Education level, n (% )
Primary school or below 602(46.2) 356(47.9) 929(59.9)
Middle school 488(37.5) 218(29.3) 379(24.5)
High school 173(13.3) 157(21.1) 224(14.5)

College school or 
above 39(4.61) 12(1.6) 18(1.2)

<0.001

General obesity (BMI), n 
(% )

Underweight 43(3.3) 22(3.0) 81(5.2)
Normal weight 557(42.8) 345(46.4) 721(46.5)
Overweight 473(36.3) 261(35.1) 546(35.2)
Obese 229(17.6) 115(15.5) 202(13.0)

0.001

Prevalence of poor 
physical function, n（%
）

160(12.3) 115(15.5) 264(17.0) 0.002
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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 Model*

% OR (95% CI) p OR (95% CI) p
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 to 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 1.65(1.01 to 2.70) 0.046
Infant-exposed group 77(5.0) 1.89(1.26 to 2.84) 0.002 1.74(1.15 to 2.63) 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) 0.469
Infant-exposed group 27(1.7) 1.43(0.76 to 2.66) 0.265 1.17(0.62 to 2.21) 0.622

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) 0.555
Infant-exposed group 76(4.9) 1.13(0.79 to 1.60) 0.508 1.06(0.74 to 1.51) 0.762

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(1.26 to 2.13) <0.001 1.61(1.23 to 2.11) <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) 0.702
Infant-exposed group 49(3.2) 1.30(0.83 to 2.04) 0.261 1.20(0.76 to 1.90) 0.429

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 1.72) 0.040
Infant-exposed group 264(17.0) 1.47(1.19 to 1.81) <0.001 1.42(1.14 to 1.76) 0.002

# Calculations were made using binary logistic regression analysis. Odds ratio represents the ratio of the 
probability of poor physical function for those who were exposed to famine, when compared with those 
who were not exposed to famine, at 95 % CIs.
*Adjusted for gender, famine severity, number of chronic diseases, place of residence, smoking, drinking, 
marital status, educational level and BMI.
(OR: Odds Ratio; CI: Confidence Interval)
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Table 3. Risk of poor physical function in birth groups in the Great Chinese Famine 
area#

Prevalence Crude Model Adjusted Model*
% OR (95% CI) p OR (95% CI) p

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) 0.308

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(1.04 to 2.03) 0.031

#Calculations were made using binary logistic regression analysis. Odds ratio represents 
the ratio of the probability of poor physical function for those who were exposed to 
famine, when compared with those who were not exposed to famine, at 95 % CIs.
*Adjusted for gender, number of chronic diseases, place of residence, smoking, drinking, 
marital status, educational level and BMI. 
(OR: Odds Ratio; CI: Confidence Interval)
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Table 4. Risk of poor physical function in birth groups by gender and severity of the 
Great Chinese Famine area#

Prevalenc
e Crude Model Adjusted Model*

n (%) OR (95% CI) p OR (95% CI) p
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 1.11(0.60 to 2.08) 0.736
Infant period-exposed 

group 53(11.3) 1.55(0.95 to 2.53) 0.082 1.45(0.88 to 2.38) 0.145

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(0.79 to 1.83) 0.381
Infant period-exposed group 104(20.8) 1.47(1.05 to 2.07) 0.027 1.38(0.97 to 1.95) 0.075

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 2.40(1.18 to 4.89) 0.015
Infant period-exposed 

group 37(13.5) 1.80(1.02 to 3.20) 0.044 1.66(0.92 to 3.00) 0.095

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 1.25(0.75 to 2.08) 0.398

Infant period-exposed 
group 70(22.9) 1.40(0.93 to 2.10) 0.107 1.35(0.89 to 2.04) 0.161

#Calculations were made using binary logistic regression analysis. Odds ratio represents 
the ratio of the probability of poor physical function for those who were exposed to 
famine, when compared with those who were not exposed to famine, at 95 % CIs.
*Adjusted for number of chronic diseases, place of residence, smoking, drinking, marital 
status, educational level and BMI.
(OR: Odds Ratio; CI: Confidence Interval)
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STROBE 2007 (v4) checklist of items to be included in reports of observational studies in epidemiology*
Checklist for cohort, case-control, and cross-sectional studies (combined)

Section/Topic Item # Recommendation Reported on page #
(a) Indicate the study’s design with a commonly used term in the title or the abstract 1-2Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was done and what was found 1-2

Introduction 3
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 3

Objectives 3 State specific objectives, including any pre-specified hypotheses 3

Methods 3-6
Study design 4 Present key elements of study design early in the paper 4
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 

collection
4

(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe 
methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control 
selection. Give the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants

4Participants 6

(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per case

4

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic 
criteria, if applicable

5

Data sources/ measurement 8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 
comparability of assessment methods if there is more than one group

4

Bias 9 Describe any efforts to address potential sources of bias 4
Study size 10 Explain how the study size was arrived at 4
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen 

and why
5

(a) Describe all statistical methods, including those used to control for confounding 5-6

(b) Describe any methods used to examine subgroups and interactions 5-6
(c) Explain how missing data were addressed 5-6

Statistical methods 12

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed
Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy

5-6
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(e) Describe any sensitivity analyses 5-6
Results 6-7
Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 

confirmed eligible, included in the study, completing follow-up, and analysed
6

(b) Give reasons for non-participation at each stage 6
(c) Consider use of a flow diagram 6

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and 
potential confounders

6

(b) Indicate number of participants with missing data for each variable of interest 6
(c) Cohort study—Summarise follow-up time (eg, average and total amount) 6

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time 6-7
Case-control study—Report numbers in each exposure category, or summary measures of exposure 6-7
Cross-sectional study—Report numbers of outcome events or summary measures 6-7

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% 
confidence interval). Make clear which confounders were adjusted for and why they were included

7

(b) Report category boundaries when continuous variables were categorized 7
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period 7

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 6-7
Discussion 7-9
Key results 18 Summarise key results with reference to study objectives 7-8
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction 

and magnitude of any potential bias
9

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results 
from similar studies, and other relevant evidence

8-9

Generalisability 21 Discuss the generalisability (external validity) of the study results 8-9
Other information 9-12
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based
9

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The 
STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal 
Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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The association between early-life exposure to the Great Chinese Famine and poor 

physical function later in life: a cross-sectional study

Tao Tao, Lingyan Dai, Jinxiang Ma,Yusi Li, Zhuoyuan Guo

School of Public Health, Guangzhou Medical University, Guangzhou, China

Correspondence to professor Jinxiang Ma;mjx777108@hotmail.com

ABSTRACT

Objectives 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 which had at least one member aged 45 years old and above 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 (Odds ratio 2.40, 95 % confidence interval= 1.18 

to 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 (BMI). A similar connection between 
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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.

Article Summary

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 intends this analysis filled the gap in this range of research.

The study applied the China Health and Retirement Longitudinal Study 2015 tracking survey, 

which is a nationally representative longitudinal survey. 

Stringent quality control measures were applied in every stage of the China Health and 

Retirement Longitudinal Study (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. 

INTRODUCTION

The Framework of Life-Course Epidemiology proposes that physical growth and 

development taking place during the life cycle, including prenatal life and childhood, have 

long-term effects and consequences on health and function in adulthood1, 2. Within this 

framework, the Developmental Origins of Health and Disease (DOHaD) assumes that 

physical adaptations are responses to early-life (fetal and infant stages). Undernutrition 

would lead to bodily changes for early survival, but might increase the prevalence of adult 

chronic disease3-5, as well as age-related physical function decline6. Impaired physical 

function is an essential manifestation of aging process, which is associated with increased 

morbidity and mortality7, 8. Recent literature showed that prenatal undernutrition could result 

in poor physical function in later life among males; meanwhile, prenatal growth was one 
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factor that predicts physical performance among the elderly9. Low weight at first postnatal 

year is associated with some aging markers such as decreased opacity, low muscular 

strength10, 11, and osteoarthritis in men12. 

Furthermore, childhood development and growth have an impact on physical performance 

in midlife13, and may increase the prevalence of falls in later life14. Poor childhood health 

status has a long-range negative influence on adult health outcomes in terms of self-reported 

health status, and successful aging15-17. 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 outcomes18. Due to inclement climatic 

conditions and radical collectivization movement, extreme food shortage appeared on the 

entire Mainland China between 1959 and 1961 19, 20. Different from the Dutch famine study21, 

the Great Chinese Famine caused about 30 million premature deaths, lasted for more 

extended longer period, and was more severe22. 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 

exposure 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 China Health and Retirement 

Longitudinal Study (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 aging-related issues. A total number of 21096 individuals 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-staged, stratified, cluster sampling method22 of households with at 

least 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 
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and weight were 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 households. The datasets analyzed in the current study are 

available online (http://charls.pku.edu.cn/zh-CN/page/data/2015-charls-wave4).23 

Defining famine groups
Participants were divided into a non-exposed group and two famine-exposed groups (fetal- 

and infant-exposed) 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 minimize classification bias, participants 

born between January 1 , 1959 and September 30, 1959; and between October 1, 1961 and 

September 30, 1962 were excluded14.The birth dates 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 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 fluctuated sharply across 

regions24. 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 studies14, 24. The 

regions with excess mortality of 100 % were conducted to differentiate the severely-affected 

areas from the mildly-affected areas in this study25.

Measurements

Defining poor physical function

Physical function status was assessed through self-reporting on six items on Barthel’s scale 

(BADL)26, a tool for studying the aging process27. The six items included dressing, bathing, 

feeding, getting in or out of bed, toileting, and control of urination and defecation. There 
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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 without help’, ‘need help’ 

or ‘unable to do’ in at least one of the six activities. 

Assessment of covariates

Covariates such as demographics (birth date, gender, residence place, education, marital 

status); lifestyles (smoking and alcohol drinking), and 14 types self-reported chronic 

diseases, were collected during face-to-face in-house interviews conducted by trained 

interviewers, and general obesity (body mass index) was calculated from the height and 

weight of the biomarker data. Further, residence place included urban and rural areas. 

Educational level was grouped into four stage: 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 characterized into ‘never smoked’, ‘past smoking’ and ‘currently 

smoking’ (smoked at least one cigarette per day in the last year). Alcohol drinking status was 

categorized 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, dyslipidemia, 

diabetes or elevated blood sugar; malignant tumors 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 disease diagnosed, while 

participants who responded ‘no’ were deemed disease-free. Body mass index (BMI) was 

categorized as underweight (< 18.5 kg/m2), normal (18.5 to 23.9 kg/m2), overweight (24.0 to 

27.9 kg/m2), or obese (≥28.0 kg/m2) based on Chinese criteria28.

Ethics

The Medical Ethics Committee of Peking University granted the present study exemption 

from review. All the participants were informed and consented to the protocol of the study. 

As the main approach of this study was cross-sectional analysis by collecting data from the 

China Health and Retirement Longitudinal Study (CHARLS) 2015, there were not many 

ethical concerns.
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Statistical analysis
Continuous and categorical variables were expressed as mean ± standard deviation mean 

(SD) and frequency (percentages), respectively. The χ2 test was used to compare differences 

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, the 

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 exposure affected men and women differently, 

severity-stratified 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 17 for Windows 

(IBM SPSS Inc., Chicago, Illinois, United States).

Patient and Public Involvement

In present study, we used the data from CHARLS, which is a nationally representative 

longitudinal survey. Patients or 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 participants (20.7 %) 

were exposed to the Great Chinese Famine in the fetal period, while 1550 participants (43.1 

%) were exposed as infants. The prevalence of poor physical function among individuals in 

the non-exposed group, fetal-exposed 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 fetal period-exposed and the infant-exposed groups (p 

=0.002).
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Table 1. Basic characteristics of the study population

Characteristics
Non-exposed 
group Fetal period-

exposed group

 Infant period-
exposed
 Group

  p 

Birth date 10/1/1962–
9/30/1964

10/1/1959–
9/30/1961

01/01/1956–
12/31/1958

n 1302 743 1550
Female, n（%） 708(54.4) 412(55.5) 805(51.9) 0.216
Born in severely affected 
area n (%) 531(40.8) 252(33.9) 580(37.4) 0.008

Urban, n (%) 532(40.9) 279(37.6) 573(37.0) 0.087
Living with spouse, n 
(%) 1165(89.5) 653(87.9) 1351(87.2) 0.157

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

0.024

Alcohol drinking, n（%
）

387(29.7) 213(28.7) 423(27.3) 0.354

Chronic diseases, n（%
）

0 379(29.1) 209(28.1) 440(28.4)
1 371(28.5) 200(26.9) 422(27.2)
2 240(18.4) 155(20.9) 307(19.8)
3 147(11.3) 89(12.0) 177(11.4)
4 97(7.5) 49(6.6) 98(6.3)
≥5 (multiple) 68(5.2) 41(5.5) 106(6.8)

0.694

Education level, n (% )
Primary school or below 602(46.2) 356(47.9) 929(59.9)
Middle school 488(37.5) 218(29.3) 379(24.5)
High school 173(13.3) 157(21.1) 224(14.5)

College school or 
above 39(4.61) 12(1.6) 18(1.2)

<0.001

General obesity (BMI), n 
(% )

Underweight 43(3.3) 22(3.0) 81(5.2)
Normal weight 557(42.8) 345(46.4) 721(46.5)
Overweight 473(36.3) 261(35.1) 546(35.2)
Obese 229(17.6) 115(15.5) 202(13.0)

0.001

Prevalence of poor 
physical function, n（%
）

160(12.3) 115(15.5) 264(17.0) 0.002

Table 2 shows the prevalence and prevalence of poor physical function. The fetal period-

exposed (OR 1.32, 95 % CI = 1.01 to 1.71, p = 0.041), and infant period-exposed (OR 1.42, 

95 % CI = 1.14 to 1.76, p = 0.002) groups had significantly high prevalence of poor physical 

Page 7 of 21

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-027450 on 19 July 2019. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

function after adjustment for gender, severity of famine, number of chronic diseases, place 

of residence, smoking, alcohol drinking, marital status, educational level and BMI, when 

compared with the non-exposed group. The same procedures were conducted in analyzing 

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-

exposed 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 prevalence of difficulty with dressing (p < 0.05). However, no consistent 

associations were found with concerning high difficulty with eating, getting in or out of bed, 

and controlling urination and defecation (p > 0.05).

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

Prevalenc
e Crude Model Adjusted Model*

% OR (95% CI) p OR (95% CI) p
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 to 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 to 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
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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(1.26 to 2.13) <0.0011.61(1.23 to 2.11) <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(1.19 to 1.81) <0.0011.42(1.14 to 1.76) 0.002

# Calculations were made using binary logistic regression analysis. Odds ratio represents 
the ratio of the probability of poor physical function for those who were exposed to famine, 
when compared with those who were not exposed to famine, at 95 % CIs.
*Adjusted for gender, famine severity, number of chronic diseases, place of residence, 
smoking, alcohol drinking, marital status, educational level and BMI.
(OR: Odds Ratio; CI: Confidence Interval)

Table 3 presents the prevalence of poor physical function 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 odds 

ratio of poor physical function for infant-exposed group was statistically significant (OR 

1.44, 95 % CI = 1.09 to 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 = 1.06 to 1.87, p = 0.018). No consistent association in the fetal 

period-exposed group was found in poor physical function (p > 0.05). However, in severely 

affected famine area, the OR of poor physical function for infant-exposed (OR 1.55, 95 % CI 
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= 1.03 to 2.34, P=0.037) and infant groups (OR 1.45,95 % CI = 1.03 to 2.03, p = 0.033) were 

statistically significant, when compared with the non-exposed group, after adjusting for 

multiple covariates.

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

Prevalence Crude Model Adjusted Model*
% OR (95% CI) p OR (95% CI) p

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. Odds ratio represents the 
ratio of the probability of poor physical function for those who were exposed to famine, 
when compared with those who were not exposed to famine, at 95 % CIs.
*Adjusted for gender, number of chronic diseases, place of residence, smoking, alcohol 
drinking, marital status, educational level and BMI. 
(OR: Odds Ratio; CI: Confidence Interval)

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, exposure at the fetal period 

(OR 2.43, 95 % CI = 1.20 to 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 
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less seriously affected famine areas (p > 0.05). Among females, the adjusted prevalence of 

poor physical function for two exposed groups suggested no statistically significant 

differences (p > 0.05).

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

Prevalenc
e

Crude Model Adjusted Model*

n (%) OR (95% CI) p OR (95% CI) p
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 to 2.03) 0.168

#Calculations were made using binary logistic regression analysis. Odds ratio represents the 
ratio of the probability of poor physical function for those who were exposed to famine, 
when compared with those who were not exposed to famine, at 95 % CIs.
*Adjusted for number of chronic diseases, place of residence, smoking, alcohol drinking, 
marital status, educational level and BMI.
(OR: Odds Ratio; CI: Confidence Interval)
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Figure 2 outlines the absolute prevalence of poor physical function. In females the absolute 

prevalence of poor physical function is higher compared to males. It is observed in both 

less-severely and severely Famine affected 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.

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 prevalence 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 prevalence of poor physical function in male adults. 

However, the absolute prevalence of poor physical function in females was higher compared 

to males. It was observed in both less-severely 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”) shows 

the same result that the fetal period-exposed (OR 1.34, 95 % CI = 0.89 to 1.99, p = 0.158), 

and infant period-exposed (OR 1.48, 95 % CI = 1.07 to 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 when compared with the non-exposed group. The definition of the outcome 

in this study is effective and appropriate. 

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-

aged. However, a recent study explained that a good childhood health status increases the 

probability of better adult physical function by 14 % (95 % CI: 12–17 %)29.This implies that 

early-life stages could be critical periods for physical function in midlife12. The development 

of the musculoskeletal system might account for these associations, since protein deficiency 
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due to famine may affect growth to optimal size. Nutrient factors affect the development of 

an optimal muscle mass which partly determines late life muscle mass and function6.

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 current study had combined further direct evidence in human beings for the fetal 

origins hypothesis30, 31. 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 life9. The poor physical function in later 

life due to fetal stage exposure was more obvious in male than 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’32. This was inconsistent with chronic lung diseases25. 

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 availability33. Another explanation 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 women34. 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 undernutrition35. 

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 function18, which did relatively reduce the trustworthiness of 

the study. Secondly, the present study lacks objective indicators of birth characteristic that 

reflect the severity of famine exposure. Such indicators include birth weight and head 

circumference which were used in other Chinese famine studies14, 36. Thirdly, due to the fact 
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that the Great Chinese Famine lasted for three years (1959–1961), the fetal period-exposed 

group was separated from the infant-exposed group. Fourthly, there was a potential 

information 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 is another limitation that needs to be recognized.  Notwithstanding 

these limitations, this study used national data from CHARLS 2015 which had broad 

representation, and suggested that early-life exposure to the Great Chinese Famine 

significantly 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.

Acknowledgements Thanks to the team of the China Health and Retirement Longitudinal 

Study (CHARLS) and all the subjects who participated in the 2015 tracking survey.

Contributors TT and LYD organized the data and performed statistical analysis, while TT, 

YSL, ZYG and JXM wrote the manuscript. All authors read and approved the final 

manuscript for publication.

Funding This study was supported by National Social Science Fund of China (18BRK034) 

and Science and Technology Program of Guangzhou (201607010136).

Competing interests There are no conflicts of interest for any of the authors.

Ethics approval The Medical Ethics Committee of Peking University.

Provenance and peer review Not commissioned; externally peer reviewed.

Page 14 of 21

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-027450 on 19 July 2019. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

Data sharing statement The datasets analyzed in the current study are available online 

(http://charls.pku.edu.cn/zh-CN/page/data/2015-charls-wave4). 

References:
 1. von Bonsdorff MB, Rantanen T, Sipila S, et al. Birth size and childhood growth as 
determinants of physical functioning in older age: the Helsinki Birth Cohort Study. Am J 
Epidemiol. 2011;174:1336-1344.
 2. Power C, Kuh D, Morton S. From developmental origins of adult disease to life course 
research on adult disease and aging: insights from birth cohort studies. Annu Rev Public 
Health. 2013;34:7-28.
 3. Roseboom TJ, Painter RC, van Abeelen AF, Veenendaal MV, de Rooij SR. Hungry in 
the womb: what are the consequences? Lessons from the Dutch famine. Maturitas. 
2011;70:141-145.
 4. Wadhwa PD, Buss C, Entringer S, Swanson JM. Developmental origins of health and 
disease: brief history of the approach and current focus on epigenetic mechanisms. Semin 
Reprod Med. 2009;27:358-368.
 5. Li J, Na L, Ma H, et al. Multigenerational effects of parental prenatal exposure to famine 
on adult offspring cognitive function. Sci Rep. 2015;5:13792.
 6. Woo J, Leung JC, Wong SY. Impact of childhood experience of famine on late life health. 
J Nutr Health Aging. 2010;14:91-95.
 7. Hirani V, Blyth F, Naganathan V, et al. Sarcopenia Is Associated With Incident 
Disability, Institutionalization, and Mortality in Community-Dwelling Older Men: The 
Concord Health and Ageing in Men Project. J Am Med Dir Assoc. 2015;16:607-613.
 8. Sayer AA, Robinson SM, Patel HP, Shavlakadze T, Cooper C, Grounds MD. New 
horizons in the pathogenesis, diagnosis and management of sarcopenia. Age Ageing. 
2013;42:145-150.
 9. Bleker LS, de Rooij SR, Painter RC, van der Velde N, Roseboom TJ. Prenatal 
Undernutrition and Physical Function and Frailty at the Age of 68 Years: The Dutch Famine 
Birth Cohort Study. J Gerontol A Biol Sci Med Sci. 2016;71:1306-1314.
10. Sayer AA, Cooper C, Evans JR, et al. Are rates of ageing determined in utero? Age 
Ageing. 1998;27:579-583.
11. Inskip HM, Godfrey KM, Martin HJ, Simmonds SJ, Cooper C, Sayer AA. Size at birth 
and its relation to muscle strength in young adult women. J Intern Med. 2007;262:368-374.
12. Sayer AA, Poole J, Cox V, et al. Weight from birth to 53 years: a longitudinal study of 
the influence on clinical  hand osteoarthritis. Arthritis Rheum. 2003;48:1030-1033.
13. Kuh D, Hardy R, Butterworth S, et al. Developmental origins of midlife physical 
performance: evidence from a British birth cohort. Am J Epidemiol. 2006;164:110-121.
14. Wang Z, Li C, Yang Z, Ma J, Zou Z. Fetal and infant exposure to severe Chinese famine 
increases the risk of adult dyslipidemia: Results from the China health and retirement 
longitudinal study. Bmc Public Health. 2017;17:488.
15. Barlogis V, Mahlaoui N, Auquier P, et al. Physical health conditions and quality of life 
in adults with primary immunodeficiency diagnosed during childhood: A French Reference 
Center for PIDs (CEREDIH) study. J Allergy Clin Immunol. 2017;139:1275-1281.

Page 15 of 21

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-027450 on 19 July 2019. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

16. Brandt M, Deindl C, Hank K. Tracing the origins of successful aging: the role of 
childhood conditions and social inequality in explaining later life health. Soc Sci Med. 
2012;74:1418-1425.
17. James Banks ZOAJ. NATIONAL BUREAU OF ECONOMIC RESEARCH 1050 
Massachusetts Avenue Cambridge, MA 02138 May 2011. Social Science Electronic 
Publishing. 2011:321-339.
18. Wang Z, Li C, Yang Z, Zou Z, Ma J. Infant exposure to Chinese famine increased the 
risk of hypertension in adulthood: results from the China Health and Retirement Longitudinal 
Study. Bmc Public Health. 2016;16:435.
19. Rabusic L. The demographic crisis in China, 1959-1961. Demografie. 1990;32:132-142.
20. Wei Li DY. The Great Leap Forward: Anatomy of a Central Planning Disaster. Journal 
of Political Econom. 2005;4:840-877.
21. de Rooij SR, Roseboom TJ. The developmental origins of ageing: study protocol for the 
Dutch famine birth cohort study on ageing. Bmj Open. 2013;3.
22. Cai Y, Feng W. Famine, social disruption, and involuntary fetal loss: evidence from 
Chinese survey data. Demography. 2005;42:301-322.
23. Zhao Y, Hu Y, Smith JP, Strauss J, Yang G. Cohort Profile: The China Health and 
Retirement Longitudinal Study (CHARLS). Int J Epidemiol. 2014;43:61-68.
24. Zhehui Luo RMXZ. Famine and overweight in China. Review of Agricultural 
Economics. 2006;3:296-304.
25. Wang Z, Zou Z, Yang Z, Dong Y, Ma J. Association between exposure to the Chinese 
famine during infancy and the risk of self-reported chronic lung diseases in adulthood: a 
cross-sectional study. Bmj Open. 2017;7:e15476.
26. MAHONEY FI BD. Functional evaluation: the Barthel index. Md State Med J. 
1965;14:61-65.
27. KATZ S, FORD AB, MOSKOWITZ RW, JACKSON BA, JAFFE MW. STUDIES OF 
ILLNESS IN THE AGED. THE INDEX OF ADL: A STANDARDIZED MEASURE OF 
BIOLOGICAL AND PSYCHOSOCIAL FUNCTION. JAMA. 1963;185:914-919.
28. McNatty KP, Hudson NL, Collins F, Fisher M, Health DA, Henderson KM. Effects of 
oestradiol-17 beta, progesterone or bovine follicular fluid on the plasma concentrations of 
FSH and LH in ovariectomized Booroola ewes which were homozygous carriers or non-
carriers of a fecundity gene. J Reprod Fertil. 1989;87:573-585.
29. Wang Q, Zhang H, Rizzo JA, Fang H. The Effect of Childhood Health Status on Adult 
Health in China. Int J Environ Res Public Health. 2018;15.
30. Charles MA, Delpierre C, Breant B. Developmental origin of health and adult diseases 
(DOHaD): evolution of a concept over three decades]. Med Sci (Paris). 2016;32:15-20.
31. Almond D, Currie J. Killing Me Softly: The Fetal Origins Hypothesis. J Econ Perspect. 
2011;25:153-172.
32. Coale AJ, Banister J. Five decades of missing females in China. Demography. 
1994;31:459-479.
33. Lundsgaard AM, Kiens B. Gender differences in skeletal muscle substrate metabolism - 
molecular mechanisms and insulin sensitivity. Front Endocrinol (Lausanne). 2014;5:195.
34. Wells JC. Sexual dimorphism of body composition. Best Pract Res Clin Endocrinol 

Page 16 of 21

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-027450 on 19 July 2019. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

Metab. 2007;21:415-430.
35. Roseboom TJ, van der Meulen JH, Ravelli AC, Osmond C, Barker DJ, Bleker OP. 
Effects of prenatal exposure to the Dutch famine on adult disease in later life:  an overview. 
Mol Cell Endocrinol. 2001;185:93-98.
36. Li Y, Jaddoe VW, Qi L, et al. Exposure to the Chinese famine in early life and the risk 
of hypertension in adulthood. J Hypertens. 2011;29:1085-1092.

Figure Legends

Figure 1. Flow chart on the sample selection methods in each step

Figure 2. Differences in risk of poor physical function as determined through stratified 

analysis by gender and severity of famine
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(a) Indicate the study’s design with a commonly used term in the title or the abstract 1-2Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was done and what was found 1-2

Introduction 3
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 3

Objectives 3 State specific objectives, including any pre-specified hypotheses 3

Methods 3-6
Study design 4 Present key elements of study design early in the paper 4
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 

collection
4

(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe 
methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control 
selection. Give the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants

4Participants 6

(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per case

4

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic 
criteria, if applicable

5

Data sources/ measurement 8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 
comparability of assessment methods if there is more than one group

4

Bias 9 Describe any efforts to address potential sources of bias 4
Study size 10 Explain how the study size was arrived at 4
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen 

and why
5

(a) Describe all statistical methods, including those used to control for confounding 5-6

(b) Describe any methods used to examine subgroups and interactions 5-6
(c) Explain how missing data were addressed 5-6

Statistical methods 12

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed
Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy

5-6
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(e) Describe any sensitivity analyses 5-6
Results 6-7
Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 

confirmed eligible, included in the study, completing follow-up, and analysed
6

(b) Give reasons for non-participation at each stage 6
(c) Consider use of a flow diagram 6

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and 
potential confounders

6

(b) Indicate number of participants with missing data for each variable of interest 6
(c) Cohort study—Summarise follow-up time (eg, average and total amount) 6

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time 6-7
Case-control study—Report numbers in each exposure category, or summary measures of exposure 6-7
Cross-sectional study—Report numbers of outcome events or summary measures 6-7

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% 
confidence interval). Make clear which confounders were adjusted for and why they were included

7

(b) Report category boundaries when continuous variables were categorized 7
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period 7

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 6-7
Discussion 7-9
Key results 18 Summarise key results with reference to study objectives 7-8
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction 

and magnitude of any potential bias
9

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results 
from similar studies, and other relevant evidence

8-9

Generalisability 21 Discuss the generalisability (external validity) of the study results 8-9
Other information 9-12
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based
9

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The 
STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal 
Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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