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Abstract

Background: Previous studies reported that famine exposure had an effect on
metabolic syndrome (MetS). However, there is an inadequacy of study regard-
ing the association between famine exposure, adulthood general obesity, and
the risk of MetS.

Methods: A total of 8883 subjects aged >40 years from Jiading community in
Shanghai were included. We defined famine exposure subgroups as nonexposed
(1963-1974), fetal exposed (1959-1962), childhood exposed (1949-1958), and
adolescence exposed (1941-1948). MetS was defined based on the National Cho-
lesterol Education Program Adult Treatment Panel ITI (NCEP-ATP III) criteria.
Results: Compared with the nonexposed group, the risks of MetS were
increased in the fetal-, childhood-, and adolescence-exposed groups with odds
ratios (OR) and 95% confidence intervals (CI) of 1.48 (1.23-1.78), 1.89 (1.63—
2.20), and 2.34 (1.99-2.74), respectively. After adjusting for sex, age, smoking
status, drinking status, education, body mass index (BMI), and physical activ-
ity, the increased risk of MetS related to the fetal-exposed and childhood-
exposed groups with OR and 95% CI of 1.42 (1.04-1.94) and 1.50 (1.02-2.21),
respectively, were observed only in women. Famine exposure was significantly
associated with MetS among individuals with a BMI < 23 kg/m? (p for interac-
tion between BMI categories and famine exposure = 0.0002 in the whole
cohort), while there existed a gender difference (p = 0.0023 in females,
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1 | INTRODUCTION

Metabolic syndrome (MetS), known as a multiplex risk
factor composed of multiple metabolism-related factors,
is characterized by dysglycemia, obesity, and other car-
diovascular disease-related risk factors." During the past
few decades, a rapid increase of the prevalence of MetS
has been noticed in China. A national study showed that
the prevalence of MetS was 33.9% (36.8% in women and
31.0% in men). The above research suggested that there
were approximately 454 million adults who had MetS in
China.> MetS increases the risk of diabetes, chronic kid-
ney disease, and cardiovascular disease and is becoming
an increasingly serious and common epidemic.

As living standards improve, the prevalence of child
and adult obesity is also increasing. Obesity increases the
population's susceptibility to metabolic diseases such as
diabetes,” hypertension,” and MetS.”> In epidemiological
studies, overweight and obesity identified by body mass
index (BMI) associate consistently with the risk of MetS.’
The developmental origins of health and disease (DOHaD)
theory posits that critical periods in early life (including
fetal stage, childhood, and adolescence) environments,
which affect growth, metabolism, and neurogenesis, are fol-
lowed by later environments that determine the risk for
metabolic disease.®’ Early malnutrition has a far-reaching

p = 0.4484 in males). When evaluating the joint effects of the combination of
famine exposure in early life and general obesity in adulthood on MetS, we
observed the highest estimate in participants with both adulthood general obe-
sity and fetal famine exposure (OR 17.52; 95% CI, 10.07-30.48) compared with
those without famine exposure nor adulthood obesity.

Conclusions: Obesity in adulthood significantly further aggravated the risk of

MetS in individuals who experienced early life undernutrition, especially in females.

famine, metabolic syndrome, obesity

1. In a community-dwelling Chinese population, famine exposure in early life,
especially during the fetal and childhood stages, has an association with an
increased risk of metabolic syndrome (MetS) in later life, but the above
findings only applied to females, not males.

2. Compared to nonexposed and nonobese participants, those with both fetal
famine exposure and adulthood general obesity had a higher risk of MetS
of more than 17-folds.

3. The coexistence of malnutrition in early life and adulthood overweight/
obesity had an association with a higher risk of MetS.

impact on the onset and development of metabolic disease
in adulthood.*** Compared with subjects who were not
exposed to famine and were of normal weight, the preva-
lence of MetS was higher in populations with both famine
exposure and adult overweight.'>'* Therefore, this suggests
that there may be an interaction between famine exposure
in the fetal and prenatal stages and adulthood obesity,
thereby increasing the risk of MetS. However, significant
interactions have not been found between early life famine
exposure and adult BMI on the risk of MetS in the
Dongfeng-Tongji cohort'® and the China Health and Retire-
ment Longitudinal Survey (CHARLS)."

The Great Chinese Famine during 1959 to 1961,
which affected people living in the Chinese mainland,
resulted in more than 30 million excess deaths." It led to
a considerably long period of malnutrition for most peo-
ple, and only in recent decades these people gradually
completed the nutritional transition. Our former studies
showed that famine exposure in early life may lead to a
range of diseases, including nonalcoholic fatty liver dis-
ease,'? diabetes,'® and cardiovascular diseases.’ However,
the effects of general obesity on the association between
early life famine exposure and risk of MetS in later life
remain unclear.

Using the data obtained from a Chinese community-
dwelling population,’””™® we aimed to evaluate the
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association between early life famine exposure and risk
of MetS in later life and to further clarify the modifying
effect of general obesity in adulthood on the association
between early life famine exposure and risk of MetS.

2 | RESEARCH DESIGN AND
METHODS

2.1 | Study population

Subjects in the present research were derived from a
community-dwelling cohort in Jiading District, Shanghai,
China.?>*' During February to August 2010, 10 569 resi-
dents aged >40years were recruited by door-to-door
visits or telephone calls. A total of 10 375 residents partic-
ipated in the study. Participants who were born before
1 January 1941 were excluded (adulthood exposed;
n = 1492), leaving 8883 subjects in the current analysis.
A flow chart of this study is presented in Figure S1. The
research protocol was approved by the Human Research
Ethic Committee of Ruijin Hospital, Shanghai Jiao Tong
University School of Medicine. All subjects provided writ-
ten informed consent in advance.

2.2 | Measurements
Standardized questionnaires were used to document medi-
cal history, sociodemographic data, and lifestyle (drinking
status, smoking status, and physical activity). When mea-
suring height and weight, participants were asked to wear
light clothes and take off their shoes, their chests and
abdomen facing straight forward, eyes looking straight
ahead, heels, sacrum and shoulder blades standing close
to the height meter post. Weight and height were mea-
sured to the nearest 0.1 kg and 0.1 cm, respectively. Waist
circumference (WC) was measured by the horizontal cir-
cle's circumference centered on the navel when the sub-
jects were standing upright, and WC measured to the
nearest 0.1 cm. The calculation method of the BMI
(kg/m®) was body weight (kg) divided by height
(m) squared. The measurement of blood pressure was con-
ducted by trained professionals. Exercise, smoking, drink-
ing coffee, tea, etc. were avoided in the first half hour of
measurement, and the measurement was started after 5 to
10 minutes of quiet rest. During the measurement, the
right upper limb was fully exposed, and the cuff was loose.
An Omron automatic electronic sphygmomanometer was
used for the measurement. Three repeated measurements
were carried out, and the average value was taken.
According to the lifestyle risk factors in the question-
naire, the status of smoking was divided into never, past,
and current smokers. Current smoking was defined as

smoking at least one cigarette daily or seven cigarettes
weekly in the past half a year. The status of drinking was
categorized as never drinking, past drinking, and current
drinking. Current drinking was defined as the regular
behavior of consuming alcohol at least once weekly for
the past half a year. According to the International Physi-
cal Activity Questionnaire-Short Form,** the intensity of
physical activity was divided into below moderate, mod-
erate, and vigorous physical activity. Moderate physical
activity was defined as >150 minutes of moderate-
intensity physical activity per week and vigorous physical
activity as >75 minutes of vigorous-intensity aerobic
physical activity per week or a combination of equal pro-
portions of moderate- and vigorous-intensity activity.
Before blood samples were collected, all subjects had to
fast for at least 10 hours. The glucose oxidase method on an
autoanalyzer was used to determine fasting plasma glucose
(FPG). An autoanalyzer was used to measure triglycerides
(TG) and high-density lipoprotein cholesterol (HDL-C).

2.3 | Definitions
MetS was defined based on the National Cholesterol Edu-
cation Program Adult Treatment Panel III (NCEP-ATP
II1).** If participants met three or more of the following
criteria, we defined them as having MetS: (a) fasting TG
levels of 1.7 mmol/L or above; (b) HDL-C levels lower
than 1.04 mmol/L in males and lower than 1.29 mmol/L
in females; (c) FPG levels of 6.1 mmol/L or above or hav-
ing been treated with antihyperglycemic medication or
earlier diagnosis of diabetes; (d) WC of 102 cm or above
in males and 88 cm or above in females; and (e) systolic
blood pressure >130 mm Hg and diastolic blood pressure
>85 mm Hg or having been treated with antihypertensive
medication or a history of hypertension.

Overweight was defined with a BMI cutoff of 23 to
25 kg/m? and obesity with a BMI cutoff of 25 kg/m* or
above as these cutoffs have been recommended as
more suitable for Asian concepts of overweight and
obesity.>*"*°

In the present study, based on the year of birth, subjects
were divided into the four subgroups of fetal exposure (born in
1/1/1959-31/12/1962), childhood exposure (born in 1/1/1949-
31/12/1958), adolescent exposure (born in 1/1/1941-
31/12/1948), and nonexposed (born after 1/1/1963).%%1°

2.4 | Statistical analysis

All analyses were performed using SAS version 9.4 (SAS
Institute Inc). Mean + SD represent the continuous vari-
ables of normal distribution. Continuous variables of
skew distribution are represented by medians
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(interquartile ranges). Categorical variables are expressed
as total numbers (corresponding percentages). The odds
ratios (OR) and 95% confidence intervals (CI) were calcu-
lated by a multivariable-adjusted logistic regression
model. The multivariable-adjusted model included sex
(for the whole population only), age (years), education
(education level with junior high school and below or
senior high school and above), smoking status (never,
past, and current smoking), drinking status (never, past,
and current drinking), and the intensity of physical activ-
ity (below-moderate, moderate, and vigorous physical
activity). Menstruation status and use of contraceptive
drugs were further adjusted for when analyzing famine
exposure and MetS in the female group. When analyzing
the association between famine exposure and MetS across
different BMI subgroups, BMI was further adjusted. We
further assessed the association of the combination of
BMI and famine exposure with the risk of MetS. The
potential interaction between adulthood overweight/
obesity and early life famine exposure in MetS was inves-
tigated by conducting multiplicative interaction analysis.
A two-tailed value of p < 0.05 was proved to be statisti-
cally significant.

3 | RESULTS
3.1 | Baseline characteristics

The baseline features of the 8883 individuals according to
MetS status are displayed in Table 1. The prevalence of

MetS was 29.54% (2624/8883) in the present study. The
differences between participants with and without MetS
were significant in all characteristics. Subjects with MetS
were less likely to be current smokers, current drinkers,
had higher levels of education, and were inclined to be
physically active.

3.2 | Famine exposure in early life and
MetS in later life

The association of famine exposure in early life with the
risk of MetS in later life is presented in Table 2. In the
multivariable-adjusted logistic regression model, famine
exposure in early life was positively associated with
the risk of MetS in later life. Without adjusting for cov-
ariates, the OR (95% CI) of MetS were 1.48 (1.23-1.78),
1.89 (1.63-2.20), and 2.34 (1.99-2.74) for the total
population with the fetal-exposed, childhood-exposed,
and adolescent-exposed groups, respectively. After
adjustment for sex, age, education level, smoking status,
drinking status, and the intensity of physical activity,
famine exposure in the fetal stage (OR 1.23; 95% CI,
1.00-1.53) was associated with a higher risk of MetS in
adulthood. However, with further adjustment for BMI,
the increased risk of MetS was no longer noticeable
within all famine exposure subgroups. Sensitivity analy-
sis using modified Asian WC cutoffs (90 cm in men and
80 cm in women) of the NCEP ATP III**® is shown in
Table S1. The OR (95% CI) of MetS associated with
fetal or childhood famine exposure compared to the

TABLE 1 Characteristics of 8883 participants with and without metabolic syndrome

Metabolic syndrome (—)

No. of participants (%) 6259 (70.46)

Age,y 55.16 + 7.39
Male, n (%) 2504 (40.01)
Body mass index, kg/m? 24.38 + 2.95
Waist circumference, cm 80.44 + 8.36
Current smoker, n (%) 1455 (23.25)
Current drinker, n (%) 695 (11.46)
High school or above education, no. (%) 1534 (24.63)
Moderate and vigorous physical activity, no. (%) 875 (13.98)

Triglycerides, mmol/L

High-density lipoprotein cholesterol, mmol/L 1.4 +0.31
Systolic blood pressure, mm Hg 135.4 + 18.9
Diastolic blood pressure, mm Hg 81.72 + 10.06
Fasting plasma glucose, mmol/L 522 +1.15

1.17 (0.88-1.53)

Metabolic syndrome (+) p value
2624 (29.54)
57.14 + 6.87 <0.0001
812 (30.95) <0.0001
26.99 + 3.16 <0.0001
87.63 + 8.08 <0.0001
454 (17.30) <0.0001
219 (8.62) <0.0001
495 (18.97) <0.0001
414 (15.78) 0.0282
2.15 (1.75-2.96) <0.0001
1.12 +0.23 <0.0001
148.13 + 17.34 <0.0001
86.79 + 9.7 <0.0001
6.2 + 1.85 <0.0001

Note: Data are mean + SD or median (interquartile) for continuous variables or percentages for categorical variables.
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TABLE 2  Odds ratios (95% CI) for metabolic syndrome according to famine exposure in early life

Famine exposure

WILEY_L

Nonexposed Fetal
Whole cohort
Case/total 265/1387 317/1225
Model 1 1.00 (ref) 1.48 (1.23-1.78)**
Model 2 1.00 (ref) 1.19 (0.96-1.46)
Model 3 1.00 (ref) 1.23 (1.00-1.53)
Model 4 1.00 (ref) 1.18 (0.94-1.48)
Men
Case/total 133/540 121/464
Model 1 1.00 (ref) 1.08 (0.81-1.44)
Model 2 1.00 (ref) 0.99 (0.72-1.38)
Model 3 1.00 (ref) 0.99 (0.71-1.39)
Model 4 1.00 (ref) 0.98 (0.70-1.39)
Women
Case/total 132/847 196/761
Model 1 1.00 (ref) 1.88 (1.47-2.41)**
Model 2 1.00 (ref) 1.41 (1.07-1.85)*
Model 3 1.00 (ref) 1.51 (1.14-2.00)**
Model 4 1.00 (ref) 1.42 (1.04-1.94)*
Model 5 1.00 (ref) 1.41 (1.03-1.94)*

Childhood

1245/4029

1.89 (1.63-2.20)"*
1.12 (0.86-1.47)
1.13 (0.86-1.49)
1.13 (0.84-1.52)

346/1413

0.99 (0.79-1.25)
0.81 (0.52-1.28)
0.81 (0.51-1.27)
0.82 (0.51-1.31)

899/2616

2.84 (2.32-3.47)**
1.45 (1.02-2.05)*
1.48 (1.04-2.11)*
1.50 (1.02-2.21)*
1.48 (0.97-2.24)

Adolescence

797/2242

2.34 (1.99-2.74)**
0.99 (0.65-1.50)
1.02 (0.67-1.56)
1.03 (0.65-1.63)

212/899

0.94 (0.74-1.21)
0.67 (0.33-1.37)
0.66 (0.32-1.34)
0.68 (0.32-1.43)

585/1343

4.18 (3.37-5.18)**
1.33 (0.79-2.25)
1.41 (0.83-2.41)
1.44 (0.80-2.59)
1.43 (0.78-2.63)

Note: Model 1, unadjusted. Model 2, adjusted for age and sex. Model 3, adjusted for age, sex, education, smoking and drinking status, and physical activity.

Model 4, further adjusted for body mass index. Model 5, further adjusted for status of menstruation and use of contraceptive drugs.

*p < 0.05. **p < 0.01.

nonexposed group were 1.34 (1.01-1.79) and 1.36
(0.94-1.97), respectively.

The association between early life famine exposure
and MetS risk differs between genders. With further
adjustment for BMI, the fetal- (OR 1.42; 95% CI, 1.04—
1.94) and childhood-exposed (OR 1.50; 95% CI, 1.02-2.21)
groups showed a higher risk of MetS in adult women, but
not in men, compared with the nonexposed group. With
further adjustments for menstruation status and contra-
ceptive drug use in women, the fetal- (OR 1.41; 95% CI,
1.03-1.94) exposed group showed a higher risk of MetS
compared with the nonexposed women. Similar results
were observed when we carried out further analysis to
examine the association of early life famine exposure and
risk of MetS components. After adjustments for sex, age,
education level, smoking status, drinking status, intensity
of physical activity, and BMI, the fetal- and childhood-
exposed groups showed a higher risk of high fasting TG,
and the fetal-, childhood-, and adolescence-exposed
groups showed a higher risk of high fasting glucose in
adult women, but not in men, compared with the nonex-
posed group. (Table S2).

3.3 | Early life famine exposure,
adulthood obesity, and MetS

We did a stratified analysis by sex. Compared with the
nonexposed group, the fetal-exposed and childhood-
exposed groups had an association with a higher risk
of MetS with OR (95% CI) of 2.32 (1.14-4.74) and
3.00 (1.27-7.10) in the lean group (defined as BMI
< 23 kg/m®), after adjustment for covariates. Interactions
between famine and BMI were found to increase the risk
of MetS (p = 0.0002). Additionally, a significant interac-
tion on the risk of MetS between famine exposure sub-
groups and BMI was only observed in women but not in
men (p value for interaction was 0.0023 in women,
0.4484 in men) (Table 3),

We further evaluated the joint effect of adulthood
obesity and early life famine exposure on the develop-
ment of MetS. The risk of MetS according to famine expo-
sure status and obesity pattern defined by BMI is
displayed in Table 4. Compared with the reference group
(nonexposed participants with BMI < 23 kg/m?), the risk
of MetS in overweight and obese participants increases
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TABLE 3

Total
BMI < 23
BMI 23-25
BMI > 25
Men
BMI < 23
BMI 23-25
BMI > 25
Women
BMI < 23
BMI 23-25
BMI > 25

Case/total

256/2268
432/2183
1936/4432

64/718
144/819
604/1778

192/1550
288/1363
1332/2654

Nonexposed

1.00 (ref)
1.00 (ref)
1.00 (ref)

1.00 (ref)
1.00 (ref)
1.00 (ref)

1.00 (ref)
1.00 (ref)
1.00 (ref)

ZHANG ET AL.

Famine exposure

Fetal

2.32 (1.14-4.74)*
1.11 (0.67-1.84)
1.08 (0.82-1.42)

1.71 (0.52-5.66)
0.53 (0.25-1.12)
1.08 (0.72-1.63)

3.08 (1.20-7.93)*
1.76 (0.87-3.56)
1.18 (0.82-1.69)

Childhood

Adolescence

Associations between early life famine exposure and adulthood obesity with the risk of metabolic syndrome

p for interaction

3.00 (1.27-7.10)* 3.51(0.98-12.57)  0.0002
1.06 (0.56-2.00) 1.13 (0.43-2.97)
0.96 (0.67-1.38) 0.83 (0.48-1.45)
410 (0.97-17.38)  6.89(0.70-67.67)  0.4484
0.27 (0.09-0.76) 0.20 (0.04-1.06)
0.89 (0.50-1.57) 0.70 (0.28-1.70)
3.11 (1.01-9.51)* 3.14 (0.65-15.23)  0.0023

2.44 (1.06-5.62)*
1.08 (0.68-1.72)

3.11 (0.90-10.68)
0.99 (0.48-2.01)

Note: Adjusted for age, sex, education, smoking status, drinking status, and physical activity. Compared with reference group (nonexposed).

Abbreviations: BMI, body mass index.

Adolescence

2.95 (1.45-6.02)**
4.87 (2.43-9.77)**
14.10 (7.17-27.73)**

1.36 (0.44-4.19)
2.51 (0.87-7.28)
5.92 (2.13-16.42)**

4.20 (1.60-11.05)**
6.81 (2.63-17.63)**

*p < 0.05.
TABLE 4 Joint effect of adulthood obesity and early life famine exposure on risk of metabolic syndrome
Famine exposure
Case/total Nonexposed Fetal Childhood
Total
BMI < 23 256/2268 1.00 (ref) 2.17 (1.13-4.17)* 2.72 (1.49-4.99)**
BMI 23-25 432/2182 4.76 (2.60-8.72)** 5.21 (2.82-9.63)** 4.77 (2.63-8.65)**
BMI > 25 1936/4432 15.69 (9.10-27.02)** 17.52 (10.07-30.48)** 15.86 (8.86-28.36)**
Men
BMI < 23 64/718 1.00 (ref) 1.14 (0.39-3.30) 1.69 (0.68-4.17)
BMI 23-25 144/819 5.82 (2.50-13.51)** 3.68 (1.54-8.79)** 2.54 (1.06-6.10)*
BMI > 25 604/1778 8.20 (3.86-17.45)** 9.00 (4.12-19.64)** 7.38 (3.18-17.14)**
Women
BMI < 23 192/1550 1.00 (ref) 3.32 (1.37-8.05)** 3.72 (1.60-8.67)**
BMI 23-25 288/1363 3.98 (1.64-9.64)** 6.04 (2.52-14.49)** 6.77 (2.93-15.62)**
BMI > 25 1332/2654 20.36 (9.27-44.73)** 24.90 (11.25-55.10)** 23.99 (10.54-54.61)**

23.28 (9.17-59.06)**

Note: Adjusted for age, sex, education, smoking status, drinking status, and physical activity. Compared with reference group (nonexposed participants with

BMI < 23 kg/m?).
Abbreviations: BMI, body mass index.
*p < 0.05. **p < 0.01.

accordingly in all famine-exposed subgroups, using
multivariable-adjusted logistic regression analysis. Indi-
viduals who experienced famine exposure in the fetal
stage and then developed general obesity during adult-
hood had a more than 17-fold higher risk of MetS
(OR 17.52; 95% CI, 10.07-30.48) compared to those who
were neither obese nor famine exposed.

4 | DISCUSSION

With 8883 Chinese adults from a community-dwelling
cohort who experienced the Great Chinese Famine dur-
ing early life, we found that subjects exposed to famine
during the fetal and childhood stages, especially women,
tended to develop MetS in later life. In women, the
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coexistence of early life famine exposure and adulthood
general obesity was associated with a higher risk of MetS
in later life. Our research investigated for the first time
the joint effect of early life famine exposure and adult-
hood general obesity on increasing the risk of MetS in
later life.

Our current data were consistent with most previous
studies on Chinese famines, demonstrating early life fam-
ine exposure increased the risk of MetS in later life. Stud-
ies based on Survey on Prevalence in East China for
Metabolic Diseases and Risk Factors (SPECT-China),*
the China Health and Nutrition Survey (CHNS),* and
the 2002 China National Nutrition and Health Survey
(CNNHS)"? have reported that famine exposure in early
life increased the risk of MetS in later life. Four other
Chinese famine studies found similar results.'*'*3*'2 A
meta-analysis including 81 504 subjects indicated that,
compared to the nonexposed group, individuals who
experienced a famine during the fetal and childhood
stages had an increased risk of MetS as adults.*> Our
recent study further confirmed the strong relationship
between early life famine exposure and the risk of devel-
oping MetS, as well as the gender difference, with a posi-
tive correlation in women but not in men. The fetal and
childhood stages are periods when undernutrition is
prone to have effects on people, which accelerates pro-
gression of metabolic disorder in adulthood. However,
studies under the setting of famines in Europe, including
the Siege of Leningrad Study and the Dutch Winter Fam-
ine Study, failed to demonstrate a positive association
between famine exposure in early life and risk of
MetS.***> The rapid growth of the Chinese economy, the
duration of the famine, and racial differences might be
potential explanations for these inconsistent results.

In contrast to previous research, we found for the first
time an interaction between famine exposure and BMI.
Although the highest risk of MetS occurred in partici-
pants with both famine exposure and obesity, compared
to the overweight and obese groups, the effect of famine
exposure was more obvious in the lean group. Even if
individuals maintain a healthy BMI in adulthood, famine
exposure in early life does result in developing MetS. The
results of our current study provide evidence supporting
the essential famine exposure effect on metabolic disor-
ders. Previous studies showed that the Chinese famine
and general obesity in adulthood have no significant
interaction on MetS risk.">'* Wang et al'* found that the
interactions between the fetal-, infant-, and preschool-
exposed groups and BMI (grouped by 24 kg/m?) were not
statistically significant in participants from CHARLS.
Similarly, the Dongfeng-Tongji cohort study'’ did not
observe any significant interaction between fetal and
childhood famine exposure and BMI grouped by 24 kg/

m® on MetS risk. The differences among the current
study and these two previous studies might be partly
explained by the different population, sample size, and
the definitions of MetS and BMI cutoff.

Since famine exposure during early life stages is
known as a risk factor for MetS, it is worth clarifying
whether the association between famine exposure and
MetS risk differs between subjects with and without gen-
eral obesity. By stratifying subjects according to BMI sta-
tus, we examined the association between famine
exposure and MetS risk within different BMI categories.
We found that famine exposure did not have more harm-
ful effects on MetS among participants with overweight
and obesity than the lean population. The association
between famine exposure during early life and the risk of
MetS was observed only in the lean group but not in the
overweight and obese groups. The inconsistent results
among the three BMI categories could be partly caused
by the distinct disturbance in the metabolic spectrum.
For the lean group, famine exposure led to greater meta-
bolic spectrum disturbance than for the overweight and
obese groups. General overweight/obesity itself can
increase the risk of metabolic disorder, and so this associ-
ation may be masked to some extent. Furthermore, the
strong effect of famine exposure on risk of MetS in the
lean group may be partly explained by the fact that BMI
can only represent general obesity rather than adipose
tissue content and distribution, which could have effects
on MetS risk.

The mechanisms of early life famine exposure and
adulthood obesity on the development of MetS are still
obscure. The mismatch between postnatal adequate
nutrition and early life malnutrition might increase the
risk of MetS in later life.*® First, as proven by a Dutch
famine study, people with severe fetal undernutrition
may be accompanied by reduced physical activity and
increased fat intake in later life, resulting in increased
total cholesterol and TG levels.?” The elevated blood lipid
levels might increase the risk of MetS in the future. Sec-
ond, animal models*® and human studies®” have provided
evidence that undernutrition during the prenatal stage
altered methylation levels of several genes associated
with obesity and metabolic disturbance. In addition, ani-
mal studies found that early life undernutrition could
result in an increased risk of the components of MetS in
later life.**"*

What needs to be mentioned is the sex difference in
the current study. Our results indicate that the increasing
risk of MetS led by famine exposure could be aggravated
by adulthood general obesity, which was more apparent
in women compared with men. Such gender difference
might be explained by several possible mechanisms.
Females and males adapt differently during development.
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Sex steroids have a profound impact on the progression
of metabolic diseases.*> A Dutch famine study observed
an adverse prenatal environment caused permanent
changes in the levels of DNA methylation, varied by gen-
der.* Furthermore, visceral adipose tissue presents a
stronger association with the metabolic disorder in
women than in men.*> Another possible mechanism to
understand the underlying biological gender differences
could be that visceral fat accumulation is particularly det-
rimental to women. Furthermore, as suggested by a pre-
vious study, the male-sex preference culture in China
may have masked the true health impact of famines on
men”®; thus, more significant long-term effects of famines
and other adversities on women than on men are often
observed in such research. Moreover, the son preference
culture may lead to a better health outcome for men.*
On the other hand, women may be more adaptable to
famines than men. It has been shown that famine expo-
sure was related to a lower sex ratio leading to more
female babies.*” Thus, the increased survival of women
may predispose them to MetS risk in adulthood.

The main strength of this study is the well-character-
ized, representative cohort. Our cohort provides a suffi-
cient number of MetS cases and limits sampling bias.
Besides, the biochemical tests and detailed lifestyle fac-
tors we collected allowed us to adjust for potential con-
founding factors which can introduce substantial bias in
the analysis. The anthropometric information was mea-
sured on site instead of being self-reported, providing
more accurate estimates of BMI. The Great Chinese Fam-
ine lasted much longer (about 3 years) and impacted a
larger number of people compared with famines in other
countries. Thus, we were able to take advantage of the
data from this period to test our hypothesis.

This study has several limitations. First, the popula-
tion of the current study was Chinese aged 40 years or
above, so the conclusion may not have implications for
younger and other ethnic populations. Second, some con-
founding factors were self-reported. Information about
eating habits and household income was also limited. In
the period before China's reform, the Chinese govern-
ment pursued an egalitarian policy, and the living stan-
dard was relatively low. Therefore, the limitation of
socioeconomic factors might have a minor effect on the
results of this study. Third, considering the nature of the
current research as a cross-sectional study, the causality
between famine exposure during early life stages, obesity
in adulthood, and the development of MetS cannot be
elaborated. Fourth, the aging effect is an unavoidable
issue in analyzing the association between health out-
comes and famine exposure. The exposure groups in the
famine cohort were classified according to the birth date
of the participants, which cannot avoid the difference in

age. The aging difference between individuals with and
without famine exposure can introduce substantial bias
in the analysis as the prevalence of MetS is highly corre-
lated with aging. Fifth, given the limited geographic dis-
tribution of our study population, we could not analyze
the severity of famine exposure and the risk of MetS.
Besides, information about dietary patterns and parental
weight status was lacking; thus, there may be biased
results. Finally, the accurate dates of the beginning and
the end of the Great Chinese Famine were unavailable;
thus, misclassification of famine exposure subgroups
might exist. However, the definition of famine exposure
subgroups in the current study was aligned with the defi-
nition in former studies.”''”

In conclusion, we found that the coexistence of early
life malnutrition and adulthood general overweight/
obesity has an association with the increased risk of MetS
in later life, especially in females. This finding may par-
tially explain the emerging prevalence of MetS among
Chinese adults who experienced chronic malnutrition in
early life and suffer from obesity in later life. Our study
supports preventive measures across the lifespan, from
prenatal to late life, to mitigate the risk of MetS in the
Chinese population.

AUTHOR CONTRIBUTIONS

YZ, JL, and GN contributed to the study design and concept.
YZ, HQ, and CH analyzed the data and drafted the manu-
script. YZ, HQ, CH, SW, YZ, HL, LL, JZ, TW, ZZ, ML, YX,
and MX contributed to data interpretation and the editing of
the manuscript. YB, WW, YC, JL, and GN critically revised
the manuscript for important intellectual content. All
authors were involved in writing and revising the paper and
had final approval of the submitted and published version.
JL guarantees this work, has full access to the data, and
takes responsibility for the integrity of the data.

ACKNOWLEDGEMENTS

This study was supported by the National Natural
Science Foundation of China (grant/award numbers:
81700764, 81970691, 81970728); Shanghai Medical and
Health Development Foundation (grant/award number:
DMRFP_I_01); Shanghai Outstanding Academic Leaders
Plan (grant/award number: 20XD1422800); Shanghai
Science and Technology Committee (grant/award num-
ber: 19411964200). We thank all the participants for their
contributions to the study.

DISCLOSURE

The authors declare that the research was conducted
in the absence of any commercial or financial relation-
ships that could be construed as a potential conflict of
interest.



ZHANG ET AL.

ORCID
Yi Zhang © https://orcid.org/0000-0003-1800-5339

Chunyan Hu
Yuanyue Zhu

https://orcid.org/0000-0002-8673-3859
https://orcid.org/0000-0003-3114-3314

Jie Zhang © https://orcid.org/0000-0001-7635-3898
Tiange Wang ‘© https://orcid.org/0000-0003-0723-489X

Zhiyun Zhao
Mian Li
Min Xu
Yuhong Chen
Jieli Lu

https://orcid.org/0000-0001-5950-2732
https://orcid.org/0000-0001-6514-2729
https://orcid.org/0000-0003-3930-8718
https://orcid.org/0000-0002-6506-2283
https://orcid.org/0000-0003-1317-0896

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome.
Lancet. 2005;365(9468):1415-1428.

. LulJ, Wang L, Li M, et al. Metabolic syndrome among adults in

China: the 2010 China noncommunicable disease surveillance.
J Clin Endocrinol Metab. 2017;102(2):507-515. doi:10.1210/jc.
2016-2477

. Katchunga PB, Cikomola J, Tshongo C, et al. Obesity and dia-

betes mellitus association in rural community of katana, south
Kivu, in eastern Democratic Republic of Congo: Bukavu
Observ cohort study results. BMC Endocr Disord. 2016;16(1):60.

. Seravalle G, Grassi G. Obesity and hypertension. Pharmacol

Res. 2017;122:1-7. d0i:10.1016/j.phrs.2017.05.013

. James WPT, Rigby N, Leach R. Obesity and the metabolic syn-

drome: the stress on society. Ann N'Y Acad Sci. 2006;1083:1-10.

. de Boo HA, Harding JE. The developmental origins of adult

disease (barker) hypothesis. Aust N Z J Obstet Gynaecol. 2006;
46(1):4-14. doi:10.1111/j.1479-828X.2006.00506.x

. Hoffman DJ, Reynolds RM, Hardy DB. Developmental origins

of health and disease: current knowledge and potential mecha-
nisms. Nutr Rev. 2017;75(12):951-970. doi:10.1093/nutrit/nux053

. LulJ,Li M, XuY, et al. Early life famine exposure, ideal cardio-

vascular health metrics, and risk of incident diabetes: findings
from the 4C study. Diabetes Care. 2020;43(8):1902-1909. doi:10.
2337/dc19-2325

. DuR, Zheng R, Xu Y, et al. Early-life famine exposure and risk

of cardiovascular diseases in later life: findings from the REAC-
TION study. J Am Heart Assoc. 2020;9(7):e014175. doi:10.1161/
JAHA.119.014175

Qi H, Hu C, Wang S, et al. Early life famine exposure, adult-
hood obesity patterns and the risk of nonalcoholic fatty liver
disease. Liver Int. 2020;40(11):2694-2705. doi:10.1111/1iv.14572
Zadik Z. Maternal nutrition, fetal weight, body composition
and disease in later life. J Endocrinol Invest. 2003;26(9):941-945.
Li Y, Jaddoe VW, Qi L, et al. Exposure to the chinese famine in
early life and the risk of metabolic syndrome in adulthood. Dia-
betes Care. 2011;34(4):1014-1018. doi:10.2337/dc10-2039

Yu C, Wang J, Wang F, et al. Victims of Chinese famine in
early life have increased risk of metabolic syndrome in adult-
hood. Nutrition. 2018;53:20-25. doi:10.1016/j.nut.2017.12.013
Wang Z, Zou Z, Wang S, Yang Z, Ma J. Chinese famine expo-
sure in infancy and metabolic syndrome in adulthood: results
from the China health and retirement longitudinal study. Eur J
Clin Nutr. 2019;73(5):724-732. doi:10.1038/s41430-018-0211-1
Lin JY, Yang DT. Food availability, entitlements and the Chi-
nese famine of 1959-61. Econ J. 2001;110(460):136-158. doi:10.
1111/1468-0297.00494

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Journal of Diabetes

=== WILEY-*

Wang J, Li Y, Han X, et al. Exposure to the Chinese famine in
childhood increases type 2 diabetes risk in adults. J Nutr. 2016;
146(11):2289-2295.

Hu C, Zhang Y, Wang S, et al. Association of bedtime with
the risk of non-alcoholic fatty liver disease among middle-
aged and elderly Chinese adults with pre-diabetes and diabetes.
Diabetes Metab Res Rev. 2020;36(6):€3322. d0i:10.1002/dmrr.3322
Li M, Xu Y, Xu M, et al. Association between nonalcoholic
fatty liver disease (NAFLD) and osteoporotic fracture in
middle-aged and elderly Chinese. J Clin Endocrinol Metab.
2012;97(6):2033-2038. doi:10.1210/jc.2011-3010

Wang L, Li M, Zhao Z, et al. Ideal cardiovascular health is
inversely associated with nonalcoholic fatty liver disease: a pro-
spective analysis. Am J Med. 2018;131(12):1515.e1-1515.€10.
doi:10.1016/j.amjmed.2018.07.011

Lv X, Zhou W, Sun J, et al. Visceral adiposity is significantly
associated with type 2 diabetes in middle-aged and elderly Chi-
nese women: a cross-sectional study. J Diabetes. 2017;9(10):920-
928. doi:10.1111/1753-0407.12499

Wu X, Du R, Hu C, et al. Resting heart rate is associated with
metabolic syndrome and predicted 10-year risk of cardiovascu-
lar disease: a cross-sectional study. J Diabetes. 2019;11(11):884-
894. d0i:10.1111/1753-0407.12927

Craig CL, Marshall AL, Sjostrom M, et al. International physi-
cal activity questionnaire: 12-country reliability and validity.
Med Sci Sports Exerc. 2003;35(8):1381-1395.

Expert Panel on Detection, Evaluation. Executive summary of
the third report of the National Cholesterol Education Program
(NCEP) expert panel on detection, evaluation, and treatment of
high blood cholesterol in adults (adult treatment panel III).
Jama. 2001;285(19):2486-2497.

Appropriate body-mass index for Asian populations and its
implications for policy and intervention strategies. Lancet.
2004;363(9403):157-163.

Hsu WC, Araneta MRG, Kanaya AM, Chiang JL, Fujimoto W.
BMI cut points to identify at-risk Asian Americans for type
2 diabetes screening. Diabetes Care. 2015;38(1):150-158. doi:10.
2337/dc14-2391

American Diabetes Association. 2. Classification and diagnosis
of diabetes. Diabetes Care. 2019;42(Suppl 1):S13-S28. doi:10.
2337/dc19-S002

Heng D, Ma S, Lee JIM, et al. Modification of the NCEP ATP
III definitions of the metabolic syndrome for use in Asians
identifies individuals at risk of ischemic heart disease. Athero-
sclerosis. 2006;186(2):367-373.

Thomas GN, Ho S-Y, Janus ED, Lam KSL, Hedley AlJ,
Lam TH. The US National Cholesterol Education Programme
Adult Treatment Panel III (NCEP ATP III) prevalence of the
metabolic syndrome in a Chinese population. Diabetes Res Clin
Pract. 2005;67(3):251-257.

Wang N, Wang X, Li Q, et al. The famine exposure in early life
and metabolic syndrome in adulthood. Clin Nutr. 2017;36(1):
253-259. do0i:10.1016/j.clnu.2015.11.010

Peng Y, Hai M, Li P, Chen Y. Association of Exposure to Chi-
nese famine in early life with the risk of metabolic syndrome in
adulthood. Ann Nutr Metab. 2020;76(2):140-146. doi:10.1159/
000507356

Ning F, Ren J, Song X, et al. Famine exposure in early life and
risk of metabolic syndrome in adulthood: comparisons of dif-
ferent metabolic syndrome definitions. J Diabetes Res. 2019;
2019:7954856-7954859. d0i:10.1155/2019/7954856



https://orcid.org/0000-0003-1800-5339
https://orcid.org/0000-0003-1800-5339
https://orcid.org/0000-0002-8673-3859
https://orcid.org/0000-0002-8673-3859
https://orcid.org/0000-0003-3114-3314
https://orcid.org/0000-0003-3114-3314
https://orcid.org/0000-0001-7635-3898
https://orcid.org/0000-0001-7635-3898
https://orcid.org/0000-0003-0723-489X
https://orcid.org/0000-0003-0723-489X
https://orcid.org/0000-0001-5950-2732
https://orcid.org/0000-0001-5950-2732
https://orcid.org/0000-0001-6514-2729
https://orcid.org/0000-0001-6514-2729
https://orcid.org/0000-0003-3930-8718
https://orcid.org/0000-0003-3930-8718
https://orcid.org/0000-0002-6506-2283
https://orcid.org/0000-0002-6506-2283
https://orcid.org/0000-0003-1317-0896
https://orcid.org/0000-0003-1317-0896
info:doi/10.1210/jc.2016-2477
info:doi/10.1210/jc.2016-2477
info:doi/10.1016/j.phrs.2017.05.013
https://doi.org/10.1111/j.1479-828X.2006.00506.x
info:doi/10.1093/nutrit/nux053
info:doi/10.2337/dc19-2325
info:doi/10.2337/dc19-2325
info:doi/10.1161/JAHA.119.014175
info:doi/10.1161/JAHA.119.014175
info:doi/10.1111/liv.14572
info:doi/10.2337/dc10-2039
info:doi/10.1016/j.nut.2017.12.013
info:doi/10.1038/s41430-018-0211-1
info:doi/10.1111/1468-0297.00494
info:doi/10.1111/1468-0297.00494
info:doi/10.1002/dmrr.3322
info:doi/10.1210/jc.2011-3010
info:doi/10.1016/j.amjmed.2018.07.011
info:doi/10.1111/1753-0407.12499
info:doi/10.1111/1753-0407.12927
info:doi/10.2337/dc14-2391
info:doi/10.2337/dc14-2391
info:doi/10.2337/dc19-S002
info:doi/10.2337/dc19-S002
info:doi/10.1016/j.clnu.2015.11.010
info:doi/10.1159/000507356
info:doi/10.1159/000507356
info:doi/10.1155/2019/7954856

&LW] LE Y— Journal of Diabetes

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

ZHANG ET AL.

Yan S, Hou W, Wu H, et al. Prenatal exposure to the Chinese
famine and the risk of metabolic syndrome in adulthood across
consecutive generations. Eur J Clin Nutr. 2020;74(8):1229-1236.
doi:10.1038/s41430-020-0561-3

Qin L-L, Luo B-A, Gao F, Feng X-L, Liu J-H. Effect of exposure
to famine during early life on risk of metabolic syndrome in
adulthood: a meta-analysis. J Diabetes Res. 2020;2020:3251275-
3251279. d0i:10.1155/2020/3251275

Stanner SA, Bulmer K, Andres C, et al. Does malnutrition in
utero determine diabetes and coronary heart disease in adult-
hood? Results from the Leningrad siege study, a cross sectional
study. BMJ. 1997;315(7119):1342-1348.

de Rooij SR, Painter RC, Holleman F, Bossuyt PM, Roseboom TJ.
The metabolic syndrome in adults prenatally exposed to the
Dutch famine. Am J Clin Nutr. 2007;86(4):1219-1224.

Gluckman PD, Hanson MA. Living with the past: evolution,
development, and patterns of disease. Science. 2004;305(5691):
1733-1736.

Lumey LH, Stein AD, Kahn HS, Romijn JA. Lipid profiles in
middle-aged men and women after famine exposure during
gestation: the Dutch hunger winter families study. Am J Clin
Nutr. 2009;89(6):1737-1743. doi:10.3945/ajcn.2008.27038
Aagaard-Tillery KM, Grove K, Bishop J, et al. Developmental
origins of disease and determinants of chromatin structure:
maternal diet modifies the primate fetal epigenome. J Mol
Endocrinol. 2008;41(2):91-102. doi:10.1677/JME-08-0025
Gluckman PD, Hanson MA, Cooper C, Thornburg KL. Effect of
in utero and early-life conditions on adult health and disease.
N Engl J Med. 2008;359(1):61-73. doi:10.1056/NEJMra0708473
Bai SY, Briggs DI, Vickers MH. Increased systolic blood pressure
in rat offspring following a maternal low-protein diet is normal-
ized by maternal dietary choline supplementation. J Dev Orig
Health Dis. 2012;3(5):342-349. doi:10.1017/S2040174412000256
Kongsted AH, Husted SV, Thygesen MP, et al. Pre- and postnatal
nutrition in sheep affects p-cell secretion and hypothalamic con-
trol. J Endocrinol. 2013;219(2):159-171. doi:10.1530/JOE-13-0099
Vickers MH, Breier BH, Cutfield WS, Hofman PL,
Gluckman PD. Fetal origins of hyperphagia, obesity, and

43.

45.

46.

47.

hypertension and postnatal amplification by hypercaloric nutri-
tion. Am J Physiol Endocrinol Metab. 2000;279(1):E83-E87.
Gilbert JS, Nijland MJ. Sex differences in the developmental
origins of hypertension and cardiorenal disease. Am J Physiol
Regul Integr Comp Physiol. 2008;295(6):R1941-R1952. doi:10.
1152/ajpregu.90724.2008

Tobi EW, Lumey LH, Talens RP, et al. DNA methylation differ-
ences after exposure to prenatal famine are common and
timing- and sex-specific. Hum Mol Genet. 2009;18(21):4046-
4053. doi:10.1093/hmg/ddp353

Hanley AJG, Wagenknecht LE, Norris JM, et al. Insulin resis-
tance, beta cell dysfunction and visceral adiposity as predictors
of incident diabetes: the insulin resistance atherosclerosis study
(IRAS) family study. Diabetologia. 2009;52(10):2079-2086. doi:
10.1007/s00125-009-1464-y

Mu R, Zhang X. Why does the great Chinese famine affect the
male and female survivors differently? Mortality selection ver-
sus son preference. Econ Hum Biol. 2011;9(1):92-105. doi:10.
1016/j.ehb.2010.07.003

Song S. Does famine influence sex ratio at birth? Evidence
from the 1959-1961 great leap forward famine in China.
Proc Biol Sci. 2012;279(1739):2883-2890. doi:10.1098/rspb.2012.
0320

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Zhang Y, Qi H, Hu C,
et al. Association between early life famine
exposure and risk of metabolic syndrome in later
life. Journal of Diabetes. 2022;14(10):685-694.
d0i:10.1111/1753-0407.13319


info:doi/10.1038/s41430-020-0561-3
info:doi/10.1155/2020/3251275
info:doi/10.3945/ajcn.2008.27038
info:doi/10.1677/JME-08-0025
info:doi/10.1056/NEJMra0708473
info:doi/10.1017/S2040174412000256
info:doi/10.1530/JOE-13-0099
info:doi/10.1152/ajpregu.90724.2008
info:doi/10.1152/ajpregu.90724.2008
info:doi/10.1093/hmg/ddp353
info:doi/10.1007/s00125-009-1464-y
info:doi/10.1016/j.ehb.2010.07.003
info:doi/10.1016/j.ehb.2010.07.003
info:doi/10.1098/rspb.2012.0320
info:doi/10.1098/rspb.2012.0320
info:doi/10.1111/1753-0407.13319

	Association between early life famine exposure and risk of metabolic syndrome in later life
	1  INTRODUCTION
	2  RESEARCH DESIGN AND METHODS
	2.1  Study population
	2.2  Measurements
	2.3  Definitions
	2.4  Statistical analysis

	3  RESULTS
	3.1  Baseline characteristics
	3.2  Famine exposure in early life and MetS in later life
	3.3  Early life famine exposure, adulthood obesity, and MetS

	4  DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	DISCLOSURE
	REFERENCES


