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Abstract Background and aims: We aimed to evaluate the association between famine exposure
during early life and obesity and obesity.x (obese at the highest weight) in adulthood.
Methods and results: Data were from two population-based cross-sectional surveys conducted in
2006 and 2009 in Qingdao, China. A total of 8185 subjects born between 1/1/1941 and 12/31/
1971 were categorized into unexposed (born between 01/01/1962 and 12/31/1971), fetal/infant
exposed (born between 01/01/1959 and 12/31/1961), childhood exposed (born between 01/01/
1949 and 12/31/1958) and adolescence exposed (born between 01/01/1941 and 12/31/1948) ac-
cording to their age when exposed to the Chinese famine from 1959 to 1961. Obesity was defined
as BMI (body mass index) >28.0 and obesity,.x was defined as BMI,.x (BMI at the highest
weight) >28.0. We compared fetal/infant exposed, childhood exposed and adolescence exposed
to the unexposed using logistic regression models to assess the effect of famine exposure on later
obesity and obesity,ax. Fetal/infant exposed (OR = 1.59, P < 0.001), childhood exposed
(OR = 142, P < 0.01) and adolescence exposed (OR = 1.86, P < 0.01) all had higher risks of
obesity than the unexposed. Exposure groups were more likely to be obese at their highest
weight than the unexposed, and ORs (95%Cls) for obesity.x in the fetal/infant exposed, child-
hood exposed and adolescence exposed were 1.49(1.20—1.86), 1.24(1.02—1.49) and 1.64 (1.40
—1.93), respectively. Similar results were found in both men and women.

Conclusion: Exposure to famine in early life was associated with increased risks of obesity and
obesitymax in adulthood. Preventing undernutrition in early life appears beneficial to reduce
the prevalence of later obesity.

© 2016 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the
Italian Society of Human Nutrition, and the Department of Clinical Medicine and Surgery, Feder-
ico II University. Published by Elsevier B.V. All rights reserved.

Introduction

Obesity is defined as abnormal or excessive fat accumu-
lation that may impair health, and the most widely used
index for mearing obesity is BMI [weight (kg)/height (m?)].
Obesity has become a global public health problem
affecting all age groups and challenging all over the word.
Global obesity prevalence increased dramatically over the
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past four decades, from 3.2% in 1975 to 10.8% in 2014 in
men, and from 6.4% to 14.9% in women [1]. Obesity can
lead to hypertension, diabetes, stroke, musculoskeletal
disorders, certain types of cancer, gallbladder disease,
coronary heart disease, reduced life expectancy and higher
all-cause mortality [2—5]. Though obesity could cause
many other diseases, it is a kind of preventable disease in
itself. Therefore, it is important to explore the etiology of
obesity. Physical inactivity, genetic susceptibility, aging,
dietary structure changes, smoking cessation, excess
alcohol intake, a high maternal BMI before pregnancy and
early menarche were all associated with obesity [2,6—8].

0939-4753/© 2016 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the Italian Society of Human Nutrition, and the Department of Clinical
Medicine and Surgery, Federico II University. Published by Elsevier B.V. All rights reserved.
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Besides, low birth weight (<2,500 g) was considered to be
a risk factor of obesity in later life, indicating exposure to
famine during early life might increase the risk of obesity
in adulthood [9,10].

Reports about the impact of early-life famine exposure
on later obesity were not consistent. Most studies showed
a positive relation between famine exposure and obesity in
adult women but not in men [11-15], though one other
study suggested famine exposure during the first half of
pregnancy in men resulted in significantly higher obesity
rate [16]. By contrast, a study of 12,065 adults and another
study of 35,025 women born before, during or after Chi-
nese famine found fetal/infant exposure to famine could
reduce the risk of obesity in adulthood [11,17]. The nega-
tive relation was also observed during the last trimester of
pregnancy and the first month of life in a Dutch study [16].
Additionally, a few studies demonstrated no relationship
between famine exposure at some stages of early life and
later obesity [16,18,19]. Besides, studies on the relationship
between famine exposure during adolescence and later
obesity were sparse and no study has reported the impact
of famine exposure on the highest weight. Due to the
limitations of previous studies, further studies to explore
the association between famine exposure during early life
and obesity in adult are in need.

The famine in China from 1959 to 1961, one of the most
disastrous catastrophe in human history, led to more than
30 million deaths and 33 million fertility losses [20,21].
The famine roughly lasted for three years and therefore it
was documented as “three-year natural disaster” in Chi-
nese literatures. Shandong was one province that suffered
the most severe famine in China [22]. In the present study,
we used data from two population-based surveys in 2006
and 2009 in Qingdao city, Shandong province, China to
evaluate the impact of famine exposure on risks of obesity
and obesity,.x in adulthood.

Methods
Subjects and design

In 2006, a population-based cross-sectional study was
conducted in Qingdao, China. A stratified, random cluster
sampling method was adopted to recruit a representative
sample in the general population. The survey was per-
formed in three urban districts (Shinan, Shibei and Sifang)
and three rural counties (Jiaonan, Huangdao and Jimo). Five
resident communities from each district with 200—250
individuals living in Qingdao for at least 5 years from each
community were randomly selected. A total of 6100 in-
dividuals aged 35—74 years were invited to participate in
the survey and 5355 attended. Second cross-sectional sur-
vey with the same sampling, protocols, questionnaires,
physical examination, and laboratory determination
methods as 2006 survey was conducted in 2009 in Qingdao
again. Subjects in 2006 and 2009 survey were not duplicate.
A total of 5110 subjects attended the 2009 survey, with a
response rate of 67.1%. In the current study, we chose in-
dividuals born between 1/1/1941 and 12/31/1971, and

categorized them into four groups according to their age at
exposure: fetal/infant exposed (born between 01/01/1959
and 12/31/1961), childhood exposed (born between 01/01/
1949 and 12/31/1958), adolescence exposed (born between
01/01/1941 and 12/31/1948) and unexposed (born between
01/01/1962 and 12/31/1971). After excluding individuals
with missing or invalid data, 3109 men and 5076 women
were included in the present data analysis.

The ethics committee of the Qingdao Hiser Hospital, the
Qingdao Endocrine & Diabetes Hospital and the Qingdao
Municipal Center for Disease Control and Prevention (CDC)
approved the studies. Informed written consent was ob-
tained from each participant.

Measurements and variables

The subjects were interviewed to obtain information about
their birthdate, gender, family monthly income, residence
place, education, family history of disease, smoking and
alcohol habits. Height and weight were measured with
individuals wearing light clothes and without shoes.
Height to the nearest 1 mm and weight to the nearest
100 g were measured. The participants were also asked to
recall their highest weight from the past to survey. After at
least a 15-min rest, three consecutive blood pressure (BP)
readings from the right arm of seated individuals were
recorded at least 30s apart, and the mean of the three
readings was used for the analysis.

Blood samples were drawn from the antecubital vein
into EDTA tubes containing sodium fluoride and centri-
fuged at the survey site. The specimens were placed in ice-
cooled containers and transported immediately into the
Qingdao Hiser Hospital in 2006 and Qingdao Endocrine &
Diabetes Hospital in 2009 for lab test. Biochemical variables
included fasting plasma glucose (FPG), 2-h plasma glucose
(2 hPG), fasting serum uric acid (UA), triglycerides (TG),
total cholesterol (TC), high density lipoprotein cholesterol
(HDL) and low density lipoprotein cholesterol (LDL).

Family history of obesity was defined as positive if at
least one of the first degree relatives was obese. In the
current study, we adopted Chinese criterion to define
normal weight as BMI 18.5—23.9, overweight as BMI
24.0—27.9 and obesity as BMI >28.0 [23]. Highest weight
was used to calculate BMI,.x. Overweight,.x (overweight
at the highest weight) was defined as BMI.x 24.0—27.9
and obesity,.x was defined as BMI,,,.x >28.0. Diabetes was
defined as FPG >7.0 mmol/L and/or 2 hPG >11.1 mmol/L
[24]. If a person met at least one of the following criteria:1)
TC > 572 mmol/L; 2) TG > 170 mmol/L; 3) HDL
<0.91 mmol/L; 4) LDL >3.64 mmol/L, he or she was
considered to have dyslipidemia [25].

Statistical analysis

For continuous variables, group differences were tested
using a t-test or one-way analysis of variance (ANOVA)
complemented by the LSD test. The x? test was employed
to compare differences between groups for categorical
variables. Data were reused in the comparison between
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males and females, and therefore the statistical significance
level was adjusted using the Bonferroni correction equation
to reduce the likelihood of type I errors [26]. Risks of
overweight, obesity, overweight,.x and obesity,,x among
fetal/infant, childhood and adolescence exposed compared
with the unexposed were examined with the method of
maximum likelihood by using binary logistic regression
models. Analyses were adjusted for age, education, family
history of obesity (positive/negative), family month in-
come, residence place, current smoking (yes/no), current
drinking (yes/no), hypertension (yes/no), diabetes (yes/no),
dyslipidemia (yes/no) and UA, all assessed in 2006 and
2009 survey. Interaction between famine exposure and sex,
residence place, education, family month income and
family history of obesity on overweight, overweight,,ax,
obesity and obesity,.x was tested by adding multiplicative
factors in the binary logistic regression models. Data were
analyzed with SPSS version 17.0(SPSS, Chicago, IL).

Results

A total of 8185 subjects (62.01% women) were included in
the current study, with a mean 4+ standard deviation (SD)

Table 1 General characteristics of subjects in 2006 and 2009 survey.

age of 49.85 + 8.65 years. Of all subjects, 3411 subjects
(41.67%) were overweight and 1807 (22.10%) were obese,
and the prevalence of overweight,,,x and obesity,.,x was
45.40% and 30.30%, respectively. 66.70% men and 59.80%
women lived in rural areas, and men were more likely to
be a smoker or alcohol user than women. Men had higher
prevalence of hypertension, diabetes and dyslipidemia,
and higher levels of SBP and TG. Mean values of BMI,
BMI,ax, HDL and LDL levels, and the prevalence of obesity
and obesity,.x were all significantly higher in women than
in men. Men and women did not differ in percentage of
positive obesity family history, overweight prevalence,
DBP, FPG, 2 hPG and TC levels (Table 1).

As shown in Table 2, average BMI ranged from 24.93 kg/
m? to 25.84 kg/m?, and average BMI,.x varied between
25.86 kg/m? and 27.14 kg/m? In women, fetal/infant
(25.20%), childhood (26.00%) and adolescence exposed
(31.10%) all had higher prevalence of obesity than the
unexposed (17.10%), and 23.90% of unexposed, 32.20% of
fetal/infant exposed, 34.90% of childhood exposed and
43.40% of adolescence exposed were obese at their highest
weight. Mean values of BMI,,., in fetal/infant exposed and
adolescence exposed were significantly higher than that in

Total (N = 8175) Men (N = 3109) Women (N = 5076) P value®

Age (years) 49.85 + 8.65 50.22 + 891 49.62 + 8.48 <0.001
Residence place <0.001

Urban 3079 (37.60) 1036 (33.30) 2043 (40.20)

Rural 5106 (62.40) 2073 (66.70) 3033 (59.80)
Education <0.001

Illiteracy 812 (9.90) 124 (4.00) 688 (13.50)

Primary 1715 (21.00) 578 (18.60) 1137 (22.40)

Secondary 3092 (37.80) 1287 (41.40) 1805 (35.60)

Senior 1741 (21.30) 677 (21.80) 1064 (21.00)

University 825 (10.10) 443 (14.20) 382 (7.5)
Family month income, ¥ <0.001

<999 5862 (71.60) 1866 (60.00) 3996 (78.70)

1000—2999 2034 (24.90) 1024 (32.90) 1010 (19.90)

>3000 289 (3.50) 219 (7.00) 70 (1.40)
Current smoking 1784 (21.80) 1667 (53.70) 117 (2.30) <0.001
Current drinking 1470 (18.00) 1399 (45.00) 71 (1.40) <0.001
Family history of obesity 362 (4.40) 122 (3.90) 240 (4.70) 0.086
BMI (l(g/mz) 2536 + 3.39 25.20 + 3.27 25.47 + 3.46 0.001
Overweight 3411 (41.67) 1305 (42.00) 2106 (41.50) 0.665
Obesity 1807 (22.10) 627 (20.20) 1180 (23.20) 0.001
BMImax (kg/m?2) 26.45 + 4.39 26.24 + 3.87 26.58 + 4.68 0.001
Overweightmax 3716 (45.40) 1461 (47.00) 2255 (44.40) 0.024
Obesitymax 2483 (30.30) 872 (28.00) 1611 (31.70) <0.001
SBP (mmHg) 132.79 + 21.32 133.84 + 19.84 132.16 + 22.16 <0.001
DBP (mmHg) 84.17 + 12.09 85.69 + 12.24 83.24 + 11.90 0.114
Hypertension 3905 (47.70) 1601 (51.50) 2304 (45.40) <0.001
FPG (mmol/L) 593 +1.77 5.99 + 1.77 5.89 + 1.77 0.096
2 hPG (mmol/L) 7.40 + 3.47 7.24 + 3.58 7.51 +3.39 0.003
Diabetes 1210 (14.80) 505 (16.20) 705 (13.90) 0.002
TC (mmol/L) 5.28 + 1.04 5.28 + 1.04 5.28 + 1.04 0.156
TG (mmol/L) 143 +1.21 1.54 + 1.48 1.36 + 1.01 <0.001
HDL (mmol/L) 1.64 + 0.43 1.62 + 0.44 1.65 + 0.43 <0.001
LDL (mmol/L) 3.12 + 1.19 3.09 +1.18 3.14 + 1.21 <0.001
Dyslipidemia 3363 (41.10) 1357 (43.60) 2006 (39.50) <0.001
UA (pmol/L) 305.86 + 83.73 353.12 + 84.49 276.39 + 68.34 <0.001

Data are presented as mean + SD for continuous variables, and n (%) for categorical variables.

3 Pvalues in t test for difference in means or % test for difference in proportions between men and women.
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Table 2 Characteristics of subjects in 2006 and 2009 survey by age of exposure at famine.

Unexposed Fetal/infant exposed Childhood exposed Adolescence exposed P value®
Total
Age (years) 41.30 + 3.60 47.14 + 2.16" 53.28 + 3.59° 62.72 + 3.12° <0.001
BMI(kg/m?) 2493 + 3.27 25.48 + 3.36" 25.60 + 3.39° 25.84 + 3.55° <0.001
Overweight 1266 (39.70) 275 (43.17) 1236 (42.87)° 634 (42.87)° 0.011
Obesity 598 (18.77) 161 (25.30)° 671 (23.27)° 377 (25.49)° <0.001
BMIpax (kg/m?) 25.86 & 4.04 26.56 + 4.60° 26.73 + 4.55° 27.14 + 4.58° <0.001
Overweightax 1418 (44.50) 285 (44.74) 1343 (46.58) 670 (45.30) 0.428
Obesitymax 803 (25.20) 212 (33.28)° 922 (31.98)° 546 (36.90)° <0.001
Men
Age (years) 41.20 + 3.54 46.94 + 2.11° 53.26 + 3.60" 62.84 + 3.09" <0.001
BMI(kg/m?) 2522 +3.26 25.56 + 3.44 25.13 + 3.19 25.17 + 3.36 0.309
Overweight 468 (39.90) 97 (40.40) 451 (43.20) 289 (44.50) 0.200
Obesity 254 (21.60) 61 (25.40) 193 (18.50) 119 (18.30) 0.030
BMI . (kg/m?) 26.03 + 3.69 26.61 + 4.23° 26.26 + 3.98 26.46 + 3.86° 0.049
Overweightax 533 (45.40) 101 (42.10) 501 (47.90) 326 (50.20) 0.090
Obesitymax 322 (27.40) 84 (35.00) 280 (26.80) 186 (28.60) 0.076
Women
Age (years) 41.36 + 3.64 4727 +2.18° 53.29 + 3.59° 62.62 + 31.36° <0.001
BMI(kg/m?) 2476 + 3.27 25.43 + 3.32° 25.87 + 3.48° 26.36 + 3.61° <0.001
Overweight 798 (39.70) 178 (44.80) 785 (42.70) 345 (41.60) 0.125
Obesity 344 (17.10) 100 (25.20)° 478 (26.00)° 258 (31.10)° <0.001
BMI,ax (kg/m?) 25.76 + 4.23 26.53 + 4.82° 26.99 + 4.82° 27.68 + 5.01° <0.001
Overweight .y 885 (44.00) 184 (46.30) 842 (45.80) 344 (41.50) 0.168
Obesitymax 481 (23.90) 128 (32.20)° 642 (34.90)° 360 (43.40)° <0.001

Data are presented as mean + SD for continuous variables, and n (%) for categorical variables.

2 By ANOVA or x? test.
b Significantly different from the unexposed (LSD test).
¢ Significantly different from the unexposed (x? test).

the unexposed in men. There were no significant differ-
ences between exposed and unexposed in the prevalence
of overweight and overweight,,.x either in men or in
women.

The crude ORs (95%Cls) of obesity in fetal/infant,
childhood and adolescence exposed were 1.46(1.20—1.79),
1.31(1.16—1.49) and 1.48 (1.28—1.71), and corresponding
ORs (95%ClIs) were 1.59(1.24—2.03), 1.42(1.11-1.82) and
1.86 (1.25—2.77), respectively, after adjusting for potential
confounders. Fetal/infant, childhood and adolescence
exposed all had higher risks to be obese at their highest
weight than the unexposed. The ORs (95%Cls) for obesi-
tymax were 1.48(1.23-1.78), 1.39(1.25-1.56) and 1.74
(1.52-1.98), to 1.49(1.20—1.86), 1.24(1.02—1.49) and 1.64
(1.40—-1.93) after adjusting for potential confounders.
Exposure to famine in fetal/infant, childhood and adoles-
cence exposed did not increase risks for overweight and
overweight, ., in later life. Analyses stratified by gender
were also performed and showed similar results as the
total (Table 3). No significant interaction was found be-
tween famine exposure and sex, residence place, educa-
tion, family month income and family history of obesity on
overweight, overweight,.x, obesity and obesity.x (data
not shown).

Discussion

In the present study with a large sample of Chinese adults,
we found famine exposure in early life was associated with
increased risks of obesity and obesity,.x in adult men and
women. No significant association was observed between

famine exposure and overweight and overweight,,,. either
in men or women. To our knowledge, this is the first study
to evaluate the impact of famine exposure on obesityax.

One Dutch study reported that obesity rate was lower
for men with famine exposure during the last trimester of
pregnancy and the first months of life, but higher in men
with famine exposure in the first half of gestation [16].
Two other Dutch studies suggested that famine exposure
may lead to increased adiposity in later life in females but
not in males [14,15], but the Leningard study did not find
any association between famine exposure and obesity [18].
Furthermore, a study about Biafran famine revealed that
neither childhood nor fetal/infancy exposure to famine
was related to obesity in adult, though fetal/infant exposed
was associated with an increased risk of overweight [19].
Inconsistent with the above studies, fetal/infant exposed,
childhood exposed and adolescence exposed were all
linked to obesity in adult men and women in our study.
The discrepancy might be caused by differences on the
criterion for obesity, the severity and duration of famine,
the grouping of exposure, age range, ethnicity and envi-
ronment changes after famine exposure.

Analyzing the data of 35,025 women born in
1957—1963 in China, Huang et al. found BMI increased by
0.92 kg/m? in the 1957 cohort, and decreased by 0.3 kg/m?
in the 1960 and 1961 cohorts. These significant effects on
BMI were found only in rural cohorts but not for any of the
urban cohorts [11]. However, after adjusting for age, sex,
education, family history of obesity, family month income,
current smoking, current drinking, hypertension, diabetes,
dyslipidemia and UA, our study showed significant
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Table 3 The results of famine exposure during early life and obesity in adulthood.

Unexposed Fetal/infant exposed Childhood exposed Adolescence exposed
Total
Overweight
Crude OR (95%CI) Ref. 1.15 (0.97—-1.37) 1.14 (1.03—1.26) 1.14 (1.01-1.29)
P value 0.107 0.013 0.043
Adjusted OR (95%CI) Ref. 1.10 (0.90—1.34) 1.08 (0.89—-1.32) 1.04 (0.75—1.43)
P value 0.373 0.433 0.826
Obesity
Crude OR (95%CI) Ref. 1.46 (1.20—1.79) 1.31 (1.16—1.49) 1.48 (1.28—1.71)
P value <0.001 <0.001 <0.001
Adjusted OR (95%CI) Ref. 1.59 (1.24—-2.03) 1.42 (1.11-1.82) 1.86 (1.25—2.77)
P value <0.001 0.005 0.002
Overweightyax
Crude OR (95%CI) Ref. 1.01 (0.85—1.20) 1.09 (0.98—1.20) 1.03 (0.91-1.17)
P value 0914 0.105 0.612
Adjusted OR (95%CI) Ref. 0.96 (0.79—1.17) 0.98 (0.80—1.19) 0.82 (0.60—1.13)
P value 0.688 0.821 0.235
Obesitymax
Crude OR (95%CI) Ref. 1.48 (1.23—-1.78) 1.39 (1.25—-1.56) 1.74 (1.52—-1.98)
P value <0.001 <0.001 <0.001
Adjusted OR (95%CI) Ref. 1.49 (1.20—1.86) 1.24 (1.02—1.49) 1.64 (1.40—-1.93)
P value <0.001 0.027 <0.001
Men
Overweight
Crude OR (95%CI) Ref. 1.02 (0.77—-1.36) 1.14 (0.97—-1.36) 1.21 (0.99—-1.47)
P value 0.873 0.116 0.056
Adjusted OR (95%CI) Ref. 1.01 (0.72—-1.39) 1.31 (0.94—-1.82) 1.48 (0.87—2.50)
P value 0.994 0.105 0.149
Obesity
Crude OR (95%CI) Ref. 1.23 (0.89—1.70) 0.82 (0.67—1.01) 0.81 (0.64—1.03)
P value 0.200 0.064 0.092
Adjusted OR (95%CI) Ref. 1.71 (1.15—-2.54) 1.64 (1.08—2.49) 2.52 (1.28—4.97)
P value 0.005 0.023 0.008
Overweightyax
Crude OR (95%CI) Ref. 0.87 (0.66—1.16) 1.11 (0.94—-1.31) 1.21 (0.99—-1.47)
P value 0.347 0.231 0.052
Adjusted OR (95%CI) Ref. 0.80 (0.58—1.10) 0.94 (0.68—1.29) 0.88 (0.53—1.48)
P value 0.171 0.707 0.636
Obesitymax
Crude OR (95%CI) Ref. 1.42 (1.06—1.91) 0.97 (0.80—1.17) 1.06 (0.86—1.31)
P value 0.019 0.738 0.588
Adjusted OR (95%CI) 1.66 (1.16—2.39) 1.47 (1.01-2.14) 2.03 (1.11-3.73)
P value Ref. 0.006 0.044 0.022
Women
Overweight
Crude OR (95%CI) Ref. 1.24 (0.99—-1.54) 1.13 (0.99—-1.29) 1.08 (0.92—-1.28)
P value 0.055 0.055 0.055
Adjusted OR (95%CI) Ref. 1.13 (0.87—1.46) 0.96 (0.75—1.23) 0.82 (0.54—1.23)
P value 0.368 0.761 0.331
Obesity
Crude OR (95%CI) Ref. 1.63 (1.27—-2.11) 1.70 (1.46—1.99) 2.19 (1.82—2.64)
P value <0.001 <0.001 <0.001
Adjusted OR (95%CI) Ref. 1.56 (1.14—-2.14) 1.41 (1.04—-1.92) 1.76 (1.07—-2.89)
P value 0.005 0.027 0.025
Overweightax
Crude OR (95%CI) Ref. 1.10 (0.89—1.36) 1.08 (0.95—-1.22) 0.90 (0.77—1.06)
P value 0.387 0.256 0.223
Adjusted OR (95%CI) Ref. 1.07 (0.83—1.38) 0.99 (0.78—1.27) 0.77 (0.51-1.15)
P value 0.598 0.966 0.203
Obesitymax
Crude OR (95%ClI) Ref. 1.28 (1.01-1.63) 1.71 (1.48-1.97) 2.44 (2.06—2.90)
P value 0.043 <0.001 <0.001
Adjusted OR (95%CI) Ref. 1.37 (1.05—1.78) 1.44 (1.11-1.87) 1.81 (1.19—-2.76)

P value

0.020

0.005

0.006
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associations between early-life famine exposure and
obesity and obesity,,ax in both urban and rural areas (Table
S1). Huang’s subjects were all women and relatively
young, which may be the reason resulting in discrepancy
of our results. Another Chinese study reported that famine
exposure was related to increased risks of overweight and
obesity in women but not men [12]. This study only
adjusted for geographic areas and subjects were all rural
residents. A third Chinese study whose subjects came from
routine health checkup suggested only toddler group had
higher risk of obesity in females [13]. Selective bias might
lead to underestimation of the effect of famine exposure
on obesity. Furthermore, the third study did not adjust for
any potential confounder. Wang’s study demonstrated a
negative relation between famine exposure during both
fetal development and infancy group and obesity in males
[17]. Data of this study came from Nanhai and Zhongshan
municipalities, Guangdong province, China, and our study
adopted data from Qingdao city, Shandong province,
China. During the Chinese famine, Guangdong province
was considered a “less severely” affected region while
Shandong was one province that suffered the most severe
famine. Additionally, different exposure classification may
be another reason contributing to the inconsistency.

The mechanisms for famine exposure and obesity risk
are still not clear. The “fetal origin of adult disease (FOAD)”
hypothesis proposed that undernutrition during critical
periods of early development could induce changes of
some organs. These transitions were beneficial in short
term but might be at the expense of other tissues, thus
predisposing individuals to metabolic and endocrine dis-
eases in adulthood [27]. Another probable mechanism was
that nutritional deprivation in early life affected the dif-
ferentiation of hypothalamic centers regulating appetite
and growth or caused hypothalamic dysfunction, which
was related to obesity in adulthood. The “fat cell” theory of
obesity was also put forward to explain the relationship
between undernutrition and obesity. This theory sug-
gested that the initial abnormality was in the fat cell itself
precipitated by undernutrition in early life and later
overfeeding, or by a genetic alteration in proteins involved
in lipid metabolism. These abnormalities could lead to
excessive fat deposition of body [28]. Furthermore, hy-
pertension, diabetes and coronary heart disease were all
associated with early-life undernutrition, indicating a
relation between famine exposure and obesity in adult-
hood [14]. In animal experiments, rats experiencing
deprivation of food during early life caused inappropriate
hyperphagia from weaning until puberty, post-puberty
and mature adulthood. These rats also had significantly
higher level of fasting leptin. Hypercaloric nutrition
intensified the metabolic abnormalities induced by un-
dernutrition, including hyperinsulinism, hyperleptinemia,
hypertension and obesity [29].

The strengths of the present study were as follows.
First, a stratified, random cluster sampling method was
adopted to recruit a representative sample of the general
population from both rural and urban residents. Secondly,
the impact of adolescence exposed on later obesity was

analyzed in this present study. Thirdly, the association
between famine exposure and the highest weight was
analyzed for the first time. In addition, our study adjusted
for enough potential confounders to reduce the effect of
confounding factors on obesity.

However, some limitations should be noticed. First,
Chinese famine affected all over the country and no area
was not swept by the disaster, therefore, subjects had to be
classified into different groups according to their birthdate
instead of place of residence. Second, the prevalence of
obesity did not increase with age all the time [30], but age
might influence the result of adolescence exposed because
the difference of age between adolescence exposed and
the unexposed was relatively large. Third, because the
response rate on birth weight was too low, the relation
between birth weight and obesity in adulthood could not
be analyzed. Lastly, the present study was cross-sectional.

In conclusion, our study showed that famine exposure
in early life could increase risks of obesity and obesityax
in adult men and women. Thereby, measures should be
taken to prevent undernutrition during pregnancy, in-
fancy, childhood and adolescence to reduce the prevalence
of obesity. Since obesity is associated with hypertension,
diabetes and other metabolic disorders, improving early-
life nutrition should be given high priority to limit the
increase of chronic non-communicable diseases.
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