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Abstract
Objective  To examine the association between early-life 
exposure to the Chinese famine and the risk of chronic 
lung diseases in adulthood.
Design  Data analysis from a cross-sectional survey.
Setting and participants  4135 subjects were enrolled 
into the study from the China Health and Retirement 
Longitudinal Study (CHARLS) 2011–2012 baseline survey 
to analyse the associations between prenatal and early 
postnatal famine exposure and the risk of chronic lung 
diseases in adulthood.
Main outcome measures  Chronic lung diseases were 
defined based on self-reported information.
Results  The prevalence of self-reported chronic lung 
diseases in fetus-exposed, infant-exposed, preschool-
exposed, and non-exposed groups was 6.5%, 7.9%, 6.8%, 
and 6.1%, respectively. The risk of chronic lung diseases 
in the infant-exposed group was significantly higher (OR 
1.95, 95% CI 1.10 to 3.44) than the non-exposed group in 
severely affected areas, even after adjusting for gender, 
smoking, and drinking, family economic status, and the 
highest educational attainment of the parents (OR 2.57, 
95% CI 1.26 to 5.25). In addition, after stratification by 
gender and famine severity, we found that only infant 
exposure to the severe famine was associated with the 
elevated risk of chronic lung diseases among male adults 
(OR 3.16, 95% CI 1.17 to 8.51).
Conclusions  Severe famine exposure during the period of 
infancy might increase the risk of chronic lung diseases in 
male adults.

Introduction
The chronic lung diseases briefly include 
chronic obstructive lung disease (COPD), 
chronic bronchitis, bronchial asthma, and 
lung-heart disease (excluding lung tumours). 
The  Global Status Report on Non-Com-
municable Diseases (NCDs) showed that 
respiratory diseases, including asthma and 
COPD, were the third leading cause of death 
from NCDs in 2012 (about four million).1 In 
low and middle income countries in partic-
ular, the burden of chronic lung diseases was 
heavier than in developed countries.2

The Development of Health and 
Disease (DoHaD) theory speculates that the 
fetus in utero changes its growth rate to adapt 
to the conditions regarding the availability of 
nutrients and oxygen to the mother. However, 
several studies had found that these adaptive 
changes might permanently modify the struc-
ture and physiological function of the fetus.3 4 
The heavier lung disease burden in lower and 
middle income countries might be associated 
with a higher prevalence of low birth weight 
than in developed countries. Several studies 
had found that low birth weight was a strong 
factor for predicting  a reduction in  forced 
expiratory volume in 1 s (FEV1) and forced 
vital capacity(FVC).5–7 Moreover, although 
some studies found that low birth weight 
increased the risk of asthma8–12 and mortality 
from COPD,7 no consistent results had  been 
observed in previous studies.13–16
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Strengths and limitations of this study

►► This study evaluated the associations between 
prenatal and early postnatal exposure to the Chinese 
famine and the risk of chronic lung diseases in 
adulthood, which were unclear in previous studies.

►► The present study used the China Health and 
Retirement Longitudinal Study 2011-2012 baseline 
survey that covered all geographical regions in 
China, and was  broadly representative of the entire 
mainland of China, and found infant exposure to the 
severe Chinese famine increased the risk of chronic 
lung diseases in male adults.

►► Selection bias was unavoidable, because severe 
famine could eliminate the weaker participants while 
leaving  the healthier participants to survive, which 
may decrease the real effects of famine exposure.

►► Self-reported prevalence based on doctor diagnosis 
could be lower than the real prevalence of chronic 
lung diseases, and could underestimate the effects 
of famine exposure.

http://bmjopen.bmj.com/
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Due to ethical limitations, we cannot perform similar 
research in human beings, but natural historical famines 
have  provided us with  a unique opportunity to examine 
the DoHaD hypothesis in humans. The Dutch famine 
occurred in the west of the Netherlands at the end of the 
second world war, and lasted for about 6 months. One study 
observed that mid-gestation exposure to the Dutch famine 
increased significantly the prevalence of obstructive airways 
diseases in adulthood.17 The Chinese famine happened in 
the east of Asia, starting at the end of 1950 and ending in the 
early 1960s, a duration of about 3 years. A majority of studies 
have found that early-life exposure to the Chinese famine 
was  linked with hypertension,18 diabetes,19 and  metabolic 
syndrome20 in adulthood, but the associations with chronic 
lung diseases are still unclear.

In the current study, we used the public data of the 
China Health and Retirement Longitudinal Study 
(CHARLS) 2011–2012 baseline survey to examine the 
association between exposure to the Chinese famine in 
early life and the prevalence of chronic lung diseases in 
adulthood, and to explore whether these associations are 
gender-specific.

Methods
Sampling and participants
Sampling in the present study was based on a national popu-
lation-based longitudinal survey (CHARLS 2011–2012).21 A 
total of 17 708 adults aged ≥45 years old from 10 257 house-
holds were randomly selected to receive the household 

survey, which was conducted among 150 counties, 28 prov-
inces, and autonomous regions of mainland  China; 4182 
participants out of the 17 708 adults were screened by birth 
date and enrolled in the present study. After excluding 47 
subjects who were missing information about chronic lung 
diseases, 4135 subjects were enrolled into our final analysis 
(figure 1).

Sampling and grouping
Participants were divided into the non-exposed group 
and three famine-exposed groups (fetus, infant, and 
preschool-exposed). The Chinese famine began in 
January 1959 and ended in October 1961. In order to 
minimise the misclassification of the famine exposure, we 
defined the participants born between 1  October  1962 
and 30  September 1964 as the non-exposed group; 
the participants born between 1  October 1 1959 and 
30 September 1961 as the fetal-exposed group; the partic-
ipants born between 1  January 1958 and 31  December 
1958 as the infant-exposed group; and the participants 
born between 1 January 1956 and 31 December 1957 as 
the preschool-exposed group.

Famine severity
The severity of the famine in mainland China varied across 
the provinces due to differences in regional climate, popu-
lation density and local food policies. Similar to previous 
studies,18 19 we compared the excess mortality  during 
1959–1961 with the mortality during 1956–1958 to eval-
uate of the severity of the famine in the present study; 

Figure 1  Flowchart on the sample selecting methods at each step. *Information about chronic lung diseases was missing 
in the raw database.
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100% was used as the threshold of excess mortality to 
distinguish the severity of famine exposure. The regions 
with excess mortality  ≥100% were categorised as the 
severely affected areas, with the remainder categorised as 
less severely affected areas.

Measurements
Diagnosis of chronic lung diseases
In this study, data were collected through a household survey 
by investigators who received unified training and passed 
the examination. The diagnosis of chronic lung diseases 
was based on the question: ‘Have you been diagnosed with 
chronic lung diseases, such as chronic bronchitis, emphy-
sema (excluding tumours, or cancer) by a doctor?’ Subjects 
answering ‘Yes’ were defined as suffering from chronic lung 
diseases, and subjects answering ‘No’ as not suffering from 
chronic lung diseases.

Assessment of covariates
Social demographic information, family economic 
status, the highest educational attainment of  the 
parents, and lifestyle information including smoking 
and drinking status, were collected during face-to-face 
in-house interviews conducted by trained interviewers. 
The highest educational attainment of parents was cate-
gorised into four levels: primary school or below, junior 

school, senior school, and college or above. Smoking 
status was classified into never smoking, former 
smoking, and current smoking (who smoked at least 
one cigarette per day in the last year). Drinking status 
was classified into never drinking, former drinking, and 
current drinking (who drank at least once per week in 
the last year). The mean income  level of the present 
sample (12 744 Chinese Yuan per person per year) was 
used as  the cut-off point for family economic status 
(high vs low income).

Analysis
Statistical analyses were preformed using IBM SPSS 20.0 
(IBM Corporation, Armonk, NY, USA). Continuous and 
categorical variables were expressed as mean±SD and 
per cent (%), respectively.

The χ2 test was used to compare the difference in the 
prevalence of chronic lung diseases between the non-ex-
posed group and the famine-exposed group.

Univariate and multivariable logistic regression models by 
the maximum likelihood method were used to examine the 
risk of chronic lung diseases among the fetus, infant, and 
preschool-exposed groups, compared with the non-exposed 
group, respectively. In the multivariable logistic regression 
model, we adjusted for gender, smoking, drinking, family 

Table 1  Basic characteristics of study population according to exposure to the Chinese famine 

Variables
Non-exposed 
group

Fetal-exposed 
group

Infant-exposed 
group

Preschool-exposed 
group p Value

Birth date 10/1/1962–
9/30/1964

10/1/1959–
9/30/1961

19581/1/–
12/31/1958

1/1/1956-
12/31/1957

N 1536 834 518 1247

Age in 2011 (years) 47~49 50~51 53 54~55

Born in severely affected area, n (%) 657 (42.8) 269 (32.3) 192 (37.1) 482 (38.7) p<0.001

Women, n (%) 801 (52.2) 438 (52.6) 241 (46.5) 614 (49.3) p=0.067

Smoking, n (%) p=0.014

 � Never 970 (66.4) 519 (65.1) 297 (61.4) 711 (59.8)

 � Former 80 (5.5) 36 (4.5) 28 (5.8) 77 (6.5)

 � Current 410 (28.1) 242 (30.4) 159 (32.9) 400 (33.7)

Drinking, n (%) p=0.614

 � Never 948 (61.8) 513 (61.6) 320 (61.9) 787 (63.2)

 � Less than once per month 155 (10.1) 82 (9.8) 53 (10.3) 100 (8.0)

 � More than once per month 430 (28.0) 238 (28.6) 144 (27.9) 359 (28.8)

Family income, n (%) p=0.960

 � High 199 (54.4) 115 (53.5) 65 (52.4) 143 (52.4)

 � Low 167 (45.6) 100 (46.5) 59 (47.6) 130 (47.6)

Education, n (%) p=0.390

 � Primary school and below 695 (89.7) 396 (89.8) 246 (88.8) 567 (92.5)

 � Junior school 40 (5.2) 27 (6.1) 16 (5.8) 25 (4.1)

 � High school 31 (4.0) 12 (2.7) 10 (3.6) 19 (3.1)

 � College and above 9 (1.2) 6 (1.4) 5 (1.8) 2 (0.3)

Prevalence of chronic lung disease (%) 6.1 6.5 7.9 6.8 p=0.511
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economic status, and the highest educational attainment 
of  the parents. Interactions between famine-exposed 
groups (fetus, infant or preschool vs non-exposed) and 
areas (severely affected vs less severely affected) were tested 
by adding a multiplicative factor in the logistic regression 
model.

In order to explore whether there was a gender differ-
ence, stratified analysis by gender was performed using the 
same methods. Data were expressed as OR  and 95% CI.

A   two-sided p value <0.05 was considered statistically 
significant for all the analysis.

Ethics
Our study is a secondary analysis of the de-identified 
CHARLS public data. The Medical Ethics Committee 
of Peking University granted the current study exemp-
tion from review. All the subjects were informed and 
consented for the protocol of the study.

Results
The basic characteristics of participants are shown in table 1. 
A total of 4135 participants were enrolled into the present 
study. The sample sizes of the non-exposed, fetus, infant, 
and preschool-exposed groups were 1536, 834, 518, and 
1247, respectively. The prevalence of chronic lung diseases 
for the non-exposed, fetus, infant, and preschool exposed 
groups were 6.1%, 6.5%, 7.9%, and 6.8%, respectively. We 
did not observe a statistically significant difference in the 
prevalence of chronic lung diseases among the four groups 
(p=0.511).

Stratified analysis by famine severity is shown in table 2. 
Compared with the non-exposed group, only the preva-
lence of chronic lung diseases for the infant-exposed group 

was significantly higher in severely affected areas (5.6% 
vs  10.4%). Stratified by severity of famine exposure, we 
found that subjects in the infant-exposed group were at a 
higher risk of chronic lung diseases than the non-exposed 
group in severely affected areas (OR  1.95, 95% CI 1.10 
to 3.44), even after adjusting for gender, smoking, drinking, 
family economic status, and the highest educational attain-
ment (OR 2.57, 95% CI 1.26 to 5.25). However, we did not 
observe the consistent associations in other famine-exposed 
groups and in less severely affected areas. In addition, we 
did not observe any significant interactions between famine 
exposure groups (fetus, infant, or preschool vs non-ex-
posed) and areas (severely affected vs less severely affected).

Table  3 presents the results of stratified analysis by 
gender and famine severity. In males, we observed that 
the infant-exposed group (OR 3.16, 95% CI 1.17  to 8.51) 
significantly increased the risk of chronic lung diseases in 
severely affected areas, compared with the non-exposed 
group. The consistent associations were not observed in 
fetal and preschool-exposed groups and in less severely 
affected areas. In females, we did not observe any significant 
associations between the  famine exposed groups and the 
non-exposed group. Any significant interactions were not 
observed between the famine exposed groups (fetus, infant, 
or preschool vs non-exposed) and areas (severely affected 
vs less severely affected), for neither males nor females. The 
effects of the main covariates, including smoking, drinking, 
parents' educational attainment, and family economic 
status, on chronic lung diseases are shown in Supplemen-
tary Table 1 , stratified by gender and severity.

Table 2  Risk of chronic lung diseases among three exposed groups compared with the non-exposed group

Variables
Non-exposed 
group

Fetal-exposed 
group

Infant-exposed 
group

Preschool-exposed 
group

Severely affected famine area

 � Prevalence (%) 5.6 5.6 10.4 5.6

 � p* 0.973 0.022 0.983

 � OR (95% CI)* Ref. 0.99 (0.53 to 1.84) 1.95 (1.10 to 3.44) 0.99 (0.60 to 1.66)

 � p† 0.953 0.009 0.437

 � OR (95% CI)† Ref. 0.98 (0.43 to 2.20) 2.57 (1.26 to 5.25) 0.75 (0.36 to 1.56)

Less severely affected famine area

 � Prevalence (%) 6.4 6.9 6.4 7.6

 � p* 0.691 0.964 0.336

 � OR (95% CI)* Ref. 1.09 (0.71 to 1.66) 1.01 (0.60 to 1.70) 1.21 (0.82 to 1.76)

 � p† 0.254 0.398 0.471

 � OR (95% CI)† Ref. 1.38 (0.79 to 2.41) 1.33 (0.69 to 3.56) 1.22 (0.71 to 2.10)

p for interaction between area and group* Ref. 0.468 0.109 0.178

p for interaction between area and group† Ref. 0.421 0.061 0.223

*Single variance binary logistic regression model.
†Multivariable logistic regression model, adjusted for gender, smoking, drinking, family economic status and the highest educational 
attainment of parents.
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Discussion
In the current study, we observed that infant exposure 
to the Chinese famine significantly increased the risk 
of chronic lung diseases in later life. After stratifying by 
gender and famine severity, we found  that only infant 
exposure to severe famine significantly increased the 

risk of chronic lung diseases in male adults, indicating 
that the infant period might be critical for human lung 
structure and function development.

Several mechanisms could explain the associations. 
(1) Early-life exposure to severe famine might perpet-
ually modify bronchial reactivity during rapid growth. 

Table 3  Prevalence rate of chronic lung diseases by gender, birth group and severity of the Chinese famine area

Variables
Non-exposed 
group

Fetal-exposed 
group

Infant-exposed 
group

Preschool-
exposed group

Female

 �  Severely affected area

 � �   Prevalence (%) 5.0 5.3 7.5 4.7

 � �   p* 0.907 0.359 0.861

 � �   OR (95% CI)* Ref. 1.05 (0.44 to 2.50) 1.53 (0.62 to 3.81) 0.93 (0.43 to 2.03)

 � �   p† 0.514 0.208 0.479

 � �   OR (95% CI)† Ref. 1.39 (0.52 to 3.74) 1.98 (0.68 to 5.72) 0.67 (0.23 to 2.01)

 �  Less severely affected area

 � �   Prevalence (%) 6.9 7.0 4.1 9.4

 � �   p* 0.970 0.218 0.176

 � �   OR (95% CI)* Ref. 1.01 (0.57 to 1.81) 0.57 (0.23 to 1.39) 1.41 (0.86 to 2.32)

 � �   p† 0.238 0.644 0.359

 � �   OR (95% CI)† Ref. 1.55 (0.75 to 3.23) 0.77 (0.24 to 2.39) 1.40 (0.68 to 2.89)

 � p for interaction between area and group* Ref. 0.498 0.252 0.036

 � p for interaction between smoking and 
group*

Ref. 0.907 0.003 0.028

 � p for interaction between area and group† Ref. 0.686 0.179 0.132

 � p for interaction between smoking and 
group†

Ref. 0.999 0.614 0.0.628

Male

 �  Severely affected area

 � �   Prevalence (%) 6.3 5.9 13.1 6.5

 � �   p* 0.897 0.030 0.930

 � �   OR (95% CI)* Ref. 0.94 (0.39 to 2.29) 2.26 (1.08 to 4.73) 1.03 (0.52 to 3.03)

 � �   p† 0.677 0.023 0.686

 � �   OR (95% CI)† Ref. 0.75 (0.20 to 2.87) 3.16 (1.17 to 8.51) 0.81 (0.30 to 2.22)

 � Less severely affected area

 � �   Prevalence (%) 5.8 6.9 8.4 5.7

 � �   p* 0.566 0.237 0.974

 � �   OR (95% CI)* Ref. 1.20 (0.64 to 2.24) 1.50 (0.77 to 2.93) 0.99 (0.55 to 1.80)

 � �   p† 0.584 0.178 0.853

 � �  OR (95% CI)† Ref. 1.28 (0.53 to 3.07) 1.82 (0.76 to 4.36) 1.08 (0.45 to 2.60)

 � p for interaction between area and group* Ref. 0.734 0.217 0.709

 � p for interaction between smoking and 
group*

Ref. 0.409 0.300 0.207

 � p for interaction between area and group† Ref. 0.344 0.127 0.887

 � p for interaction between smoking and 
group†

Ref. 0.950 0.103 0.696

*Single variance binary logistic regression model.
†Multivariable logistic regression model, adjusted for smoking, drinking, family economic status and the highest educational attainment of 
parents.
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One Dutch famine study found that exposure to famine 
during gestation affected neither the concentrations 
of total or specific IgE nor lung function values (FEV1 
and FVC), but they observed a significant association 
between exposure to famine in mid and early gesta-
tion and obstructive airways disease in adulthood.17 
The results indicated that famine exposure might not 
change the lung function and atopic disease, but could 
permanently modify the bronchial responsiveness. 
Although we could not make this assumption because 
bronchial reactivity was not measured in our study, 
this assumption may be one way to explain the mech-
anism. (2) Severe malnutrition during early life might 
increase susceptibility to pulmonary injury in later 
life. An animal model study found that young animals 
who were exposed to a low protein maternal diet as a 
fetus were more likely to suffer pulmonary injury than 
non-exposed young animals, which indicated program-
ming of the antioxidant defences and immune system.22 
Another animal study reported that fetuses exposed to 
a low protein diet significantly decreased the binding 
of dexamethasone to lung receptors.23

The present study further added new direct evidence 
in human beings for the fetal origin of diseases. To 
our knowledge, only one Dutch study explored the 
associations between early-life exposure to  famine and 
atopy, lung function and obstructive airways disease, 
and found that famine exposure in mid and early 
gestation might significantly increase the prevalence 
of obstructive airways disease. Results of this Dutch 
study are inconsistent with the current study's  find-
ings. In this study, we found that only severe famine 
exposure in  the infant stage significantly increased 
the risk of chronic lung diseases in adulthood. Several 
reasons could explain the difference. First, race might 
be a major reason for the difference between the two 
studies. Subjects in the Dutch study were white Euro-
pean, while subjects in this study were Asian. Second, 
the  severity and duration of the famine could be 
another important discrepancy. The Dutch famine 
lasted for about 6 months, while the Chinese famine 
lasted for about 3 years. Furthermore, the Chinese 
famine led to approximately 30  million premature 
deaths.24 However, the mortality rate during the Dutch 
famine period (in 1945) was more than twice as high 
as that in 1939, and most of the excess mortality was 
attributed to severe malnutrition.25

Interestingly, we observed that severe famine expo-
sure during the infant period significantly increased 
the risk of chronic lung diseases among men, but not 
among women, which seems to be contradictory to the 
severity of famine exposure. Chinese parents have a 
profound and enduring tradition of ‘preferring boys 
to girls’, and thus boys may have been better protected 
against the famine by  their parents. This is inconsis-
tent with metabolic syndrome.26 We speculate that the 
development of boys' lungs could be more sensitive to 
severe malnutrition in early  life; however,  the specific 

mechanisms need to be further explored in  a future 
study.

There are several limitations to  this study. The 
primary limitation is selection bias. Severe famine 
could eliminate weaker participants, so that only the 
healthier participants  remain, which may decrease 
the real effect of famine exposure. Second, similar 
to other Chinese famine studies,18 19 27 the present 
study lacked the objective indicators that reflect the 
severity of famine exposure, for example, birth weight, 
birth body length. Thirdly, because both bad weather 
and infection in early-life could increase the risk of 
chronic lung diseases, we cannot attribute all the excess 
mortality rate to the famine exposure. In addition, we 
cannot separate the effect of age from famine expo-
sure. Despite these limitations, the present study used 
data from the CHARLS 2011–2012 baseline survey that 
has broad representation of the  entire mainland of 
China, and found that infant exposure to severe famine 
significantly increased the risk of chronic lung diseases 
among men.

Conclusions
Infant exposure to severe famine could increase the risk 
of chronic lung diseases in male adults, indicating that 
the infant stage might be the critical period of lung devel-
opment in men.
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