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Background: The associations of famine exposure with diabetes risk in adulthood are still unclear. This study aimed
to explore the association between famine exposure in early life and risk of diabetes in adulthood.

Methods: A total of 4138 subjects were selected from the data of the China Health and Retirement Longitudinal Study
(CHARLS) 2011-2012. Diabetes was diagnosed as fasting plasma glucose (FPG) 27.0 mmol/L, glycated haemoglobin
(HbA0) > 6.5%, or self-reported diabetes. Birthdates of subjects were used to categorize famine exposure groups. The
association of fetal-stage famine exposure with diabetes risk in adults was assessed using logistics regression model.

Results: The prevalence of diabetes in the non-exposed, fetal-stage exposed, infant-stage exposed, and preschool-stage
exposed groups were 90, 13.6, 12.7 and 10.8%, respectively. Compared with the age-balanced control group, the fetal-
stage exposed group was associated with the elevated risk of diabetes in later life after adjusting for covariates (OR = 1.37;
95%Cl: 1.09-1.72; P=0.008). Stratified analysis showed that the association between prenatal famine exposure and
diabetes risk in adulthood was comparable between severely affected areas and less severely affected areas (P for

Conclusions: Famine exposure in fetal stages was associated with the elevated diabetes risk in adults, which could be

Keywords: Starvation, Diabetes mellitus, Fetal nutrition disorders, Sex characteristics

Background

Cardiovascular disease has become an important public
health challenge across the world, including China [1, 2].
As a major contributor to the burden of disease, diabetes
mellitus increased sharply with the prevalence rise from
less than 1% in 1980 to 11.6% in 2010 in Chinese adults
[3]. Apart from China’s emerging economy, shifting life-
style, and ageing, several studies have reported that se-
vere malnutrition exposure in early life is linked with
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adverse health outcomes in later life [4, 5]. Exploring
this association in humans is inappropriate as it violates
the medical ethics in conducting research with human
beings, however, natural historical famine provides us a
unique opportunity to investigate the associations be-
tween severe food shortage in early life and adverse
health consequences in later life.

The Great Chinese Famine happened between 1959
and 1961. Not only did it result in 30 million premature
deaths, but also left millions of famine victims [6-8]. In
the last decades, several studies have found that famine
exposure in early-life significantly increased the risk of
non-communicable diseases in adulthood, including

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-018-6134-x&domain=pdf
http://orcid.org/0000-0003-4585-677X
mailto:bindong@bjmu.edu.cn
mailto:majunt@bjmu.edu.cn
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Wang et al. BMC Public Health (2018) 18:1205

hypertension [9-11], dyslipidemia [12], metabolic syn-
drome [13, 14], and fatty liver [15]. Several studies also
assessed the relation between exposure to famine in
early life and the risk of developing hyperglycemia or
diabetes in the Chinese population [16—19]. However,
only one study reported that fetal-stage exposure to the
Chinese Famine increased the risk of adulthood hyper-
glycemia, however did not observe a significant associ-
ation of famine exposure and diabetes risk [19]. Using
occupational or regional data, others researchers also ex-
plored this association in the Chinese population, but
the effect of age difference between exposed groups and
non-exposed group was not controlled in those studies
[16-18]. A recent meta-analysis revealed that the associ-
ation between famine exposure and the risk of adult dia-
betes was not consistent with the use of different
controls, suggesting that the age difference between fam-
ine exposure and non-exposed groups could explain the
main effect of famine [20]. Further research is needed to
clarify that association with a comparable age between
exposed and non-exposed groups [20, 21].

The current study used the national survey data from
the China Health and Retirement Longitudinal Survey
(CHARLS) to explore the association between fetal-stage
famine exposure and adulthood diabetes risk compared
with an age-balanced controls.

Methods

Participants

Participants in the current study were selected from the
baseline survey of the CHARLS in 2011-2012. The
CHARLS survey was a national large epidemiological
survey with a focus on health and retirement of the
Chinese elder population. In order to broadly represent-
ing the entire elder population of mainland China, the
survey selected 17,708 participants from 10,257 house-
holds with at least one family member aged >45 years
old from 450 villages or communities in 28 provinces
[22]. In the current study, 4317 participants born be-
tween from 1956 to 1964 were selected to participate in
the study. After excluding 189 participants whose birth-
places were not within the current provinces and 44 par-
ticipants who were missing information on diabetes,
4138 participants were involved in the final analysis.
This study was a secondary analysis of the identified
CHARLS public data. The Medical Ethics Committee of
Peking University granted the current study exemption
from review. ZZ and ZW received permission from the
CHARLS team to use this.

Classification

The Great Chinese Famine lasted for approximately 3 years
between 1959 and 1961. The participants were categorized
into four groups according to their year of birth. We
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defined participants born between October 1st 1962 and
September 30th 1964 as the non-exposed group; partici-
pants born between October 1st 1959 and September
30th 1961 as the fetal-stage exposed group; participants
born between January 1st 1958 and December 31st 1958
as the infant-stage exposed group; and participants born
between January 1st 1956 and December 31st 1957 as the
preschool-stage exposed group. Consistent with the previ-
ous study, the excess mortality in famine periods (1959—
1961) compared with mortality in pre-famine periods
(1956—1958) was used to reflect the severity of famine ex-
posure [12]. Excess mortality of 50.0% was used as a
threshold to categorize all provinces into severely affected
areas (Excess mortality >50.0%) and less severely affected
areas (Excess mortality < 50.0%) [12].

Diagnosis of diabetes mellitus

The fasting plasma was collected to measure the con-
centration of the fasting plasma glucose (FPG) using en-
zymatic colorimetric analysis. HbAlc was also tested
using the boronate affinity High Performance Liquid
Chromatography (HPLC). Participants were diagnosed
as having diabetes mellitus if they had either a fasting
plasma glucose reading of >7.0 mmol/L, Hb1Ac > 6.5%,
or self-reported diabetes [23].

Covariates

The CHARLS baseline questionnaire was used to collect
the information on social demographic characteristics,
lifestyle, and health behaviors. The short form Inter-
national Physical Activity Questionnaire (IPAQ-SF) was
used to assess physical activity, which was also used to
categorize the physical activity into 3 groups (light, mod-
erate, and vigorous physical activity) [24]. Smoking sta-
tus was categorized into never smoking, former smoking
(who smoked more than 100 cigarettes in life and had
quit smoking more than a years ago) and current smok-
ing groups (who smoked at least one cigarette per day in
the last year). Alcohol consumption was categorized into
never, former (consumed alcohol more than once per
week more than a year ago, but may not drink currently)
and current (consumed alcohol at least once per week in
the last year) groups. The highest educational attainment
of participants and their parents was categorized into
four groups, including primary school and below, junior
school, high school, and college or above. Overweight
and obesity were defined using the body mass index
(BMI) >24.0 kg/m? in line with the recommendation for
Chinese adults [25]. A participant’s age was calculated as
the difference between detection date and birthdate.

Statistical analysis
The computer-aided personal survey (CAPI) system was
used to collect the data. Statistical Package for Social



Wang et al. BMC Public Health (2018) 18:1205

Science (SPSS) version 20.0 (SPSS Inc. Chicago, IL) was
used to perform the statistical analysis.

Analysis of Variance (ANOVA) was used to test vari-
ance of continuous variables (including age, BMI, FPG,
and Hb1Ac) between four groups, and the Dunnett-¢ test
was used to conduct the multiple comparisons between
three exposed groups (fetal-stage, infant-stage, and
preschool-stage exposed groups) with non-exposed
group. The differences of categorical variables, including
sex, diabetes prevalence, physical activity level, smoking,
drinking, education attainments, and overweight/obesity
prevalence, were detected by Chi-square test.

Because there are no overlaps in the birth years among
the 4 famine exposed groups, the adjustment for age may
not improve the estimation [21]. To control the effect of
age difference on the association, we generated an
age-balanced control group of fetal-exposed group (mean
age: 52.2 vs 51.8 years) by combining non-exposed group
(pre-famine) and infant- and preschool-stage exposed group
(post-famine), The diabetes risk between fetal-exposed
group and age-balanced control group was assessed with lo-
gistic model. While Model 1 did not adjust for any covari-
ate, Model 2 adjusted for sex and BMI, and Model 3 further
adjusted for smoking status, drinking status, physical activity
level, the highest educational attainments of participants
and their parents. To explore the effect of severity, sex and
BMI on the association, we conducted a stratified analysis.
The interaction terms were also tested. A P < 0.05 with two
sides was considered as statistically significant.

Results

The basic characteristics of participants are shown in Table 1.
A total of 4138 participants were enrolled into the present
study. The sample sizes of the non-exposed, fetal-stage,
infant-stage, and preschool-stage exposed groups were 1536,
832, 519, and 1251, respectively. Diabetes prevalence of the
non-exposed, fetal-stage, infant-stage, and preschool-stage
exposed groups were 9.0, 13.6, 12.7 and 10.8%, respectively.
Though the mean levels of FPG and Hb1lAc% were not
significantly different (P>0.05), diabetes prevalence in
fetal-stage and infant-stage exposed groups were signifi-
cantly higher than that in the non-exposed group (13.6 and
12.7% vs. 9.0%, P<0.05). Additionally, the fetal-stage ex-
posed group had higher educational attainment and over-
weight/obesity prevalence than the non-exposed group and
participants in infant-stage exposed group had a higher BMI
level than preschool-stage exposed group. Preschool-stage
exposed group had higher current smoking rates and mean
ages than the non-exposed group.

Table 2 presents the associations between fetal-stage
famine exposure and risk of diabetes in adulthood using
different control groups. Compared with the age-balanced
control group, the fetal-stage exposed group was associ-
ated with increased risk of diabetes (OR =1.37; 95%CI:
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1.09-1.72; P = 0.007). Partial adjustments had same results
as fully adjusted models (P <0.05). However, famine ex-
posure was negatively related with diabetes risk when con-
trols were limited to infant exposed (OR =0.92; 95%CI:
0.66-1.27; P=0.427) or pre-school exposed (OR=0.77;
95%CIL: 0.59-1.01; P=0.052) through the relationships
were not statistically significant.

The associations between the fetal-exposed group and
adult diabetes risk were further stratified by severity, sex
and BMI. The associations were comparable between se-
verely affected areas (OR=1.33; 95%CIL: 0.97-1.82; P=
0.054) and less severely affected areas (OR = 1.36; 95%CI:
0.97-1.91; P=0.061). After stratifying by sex, the associ-
ation was stronger in males (OR =1.47; 95%CI: 1.05-2.04;
P =0.024) than that in females (OR =1.35; 95%CI: 0.98—
1.86; P=0.053). When stratified by BMI, among partici-
pants who were categorized as overweight/obese, the adult
risk of diabetes in the fetal-exposed group was significantly
higher than that in the age-balanced control group (OR =
1.38; 95%CI: 1.02—1.86; P =0.036), but not among partici-
pants who were categorized as normal weight (OR = 1.34;
95%Cl: 0.93-1.92; P = 0.069). In addition, a significant inter-
action between BMI and fetal-exposed group was observed
(Pipteraction = 0.003). However, consistent associations were
not found for areas and sex groups (P > 0.05).

Discussion

The current study used the data of a Chinese national
representative survey and found that famine exposure in
the fetal period was closely associated with risk of dia-
betes in adulthood. These results suggest that the fetal
period could be the crucial period for determining future
diabetes risk.

Previous studies conducted in China have reported the
association between early life famine exposure and risk
of diabetes in adulthood. However, the results are incon-
sistent. Two studies based on the data from the Chinese
National Nutrition and Health Survey [19] and the
Dongfeng-Tongji cohort [17] found famine exposure in
early life was related to the hyperglycemia in adulthood.
However, whether famine exposure is associated with
risk of diabetes is unclear. Using the Survey on Preva-
lence in East China for Metabolic Diseases and Risk Fac-
tors, Wang [18] reported that participants who suffered
severe famine exposure in fetal-stage had a significantly
higher risk of diabetes than those who suffered less se-
vere famine exposure. In addition, a recent meta-analysis
suggested that age variation between famine exposed
and unexposed groups could explain most effects of
famine. For a more reliable estimate, this study used an
age appropriate control group to examine the long-term
effect of the Chinese Famine on survivors’ health. Add-
ing to previous studies, we observed that fetal-stage ex-
posure to the Great Chinese Famine was associated with
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Table 1 Basic characteristics of study population according to the Chinese famine exposure

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 1/1/1958-12/31/1958 1/1/1956-12/31/1957
N 1536 832 519 1251
Women, n (%) 803(52.3) 439 (52.8) 241 (464) 615 (49.2) 0.035
Diabetes, n (%) 139 (9.0) 113 (136)" 66 (12.7) 135 (10.8) 0.004
Age (Mean £ SD, years) 4884+ 066 51.83+066 54.00 +0.00 5549+ 0.50 <0.001
Physical activity level, n (%) 0215
Light 1007 (65.6) 540 (64.9) 371 (71.5) 821 (65.6)
Moderate 306 (19.9) 166 (20.0) 88 (17.0) 257 (20.5)
Vigorous 223 (14.5) 126 (15.1) 60 (11.6) 173 (13.8)
Smoking, n (%) 0018
Never 1048 (68.2) 554 (66.6) 330 (63.3) 775 (62.0)
Former 80 (5.2) 36 (4.3) 28 (54) 78 (6.2)
Current 408 (26.6) 242 (29.1) 161 (31.0) 398 (31.8)
Drinking, n (%) 0613
Never 956 (62.2) 514 (61.8) 320 (61.7) 791 (63.2)
Former 154 (10.0) 81 (9.7) 54 (104) 100 (8.0)
Current 426 (27.7) 237 (28.5) 145 (27.9) 360 (28.8)
Own education, n (%) <0.001
Primary school and below 647 (42.1) 356 (42.8) 276 (53.2) 730 (584)
Junior 579 (37.7) 224 (26.9) 145 (27.9) 313 (25.0)
High school 251 (16.3) 225 (27.0) 88 (17.0) 188 (15.0)
College and above 59 (3.8) 27 3.2) 10 (1.9) 20 (1.6)
Parents’ education, n (%) 0.667
Primary school and below 1367 (89.0) 744 (89.4) 468 (90.2) 1141 (91.2)
Junior 87 (5.7) 47 (5.6) 24 (4.6) 57 (4.6)
High school 65 (4.2) 30 (3.6) 20 (3.9 45 (3.6)
College and above 17 (1.1) 11(1.3) 7(1.3) 8 (0.6)
Overweight/obesity, n (%) 543 (48.1) 290 (47.0) 170 (44.0) 402 (41.3) 0.012
BMI (Mean = SD, kg/m?) 2421 +361 2429+422 23.72+385 23.69+3.79 0.002
FPG (Mean + SD, mg/dl) 107.15 +34.11 110.13+39.38 110.81 +38.78 108.19 +30.70 0.246
Hb1Ac%(Mean £ SD,%) 521+£084 5.26+0.88 530+0.88 523+0.80 0.272

Abbreviations: SD standard deviation, BMI body mass index, FPG fasting plasma glucose

“Compared with the non-exposed cohort, P < 0.05

an obviously enhanced diabetes risk in adulthood, which
increased by 37% compared with the age-balanced con-
trol group. Additionally, the famine exposure seems to
has a ‘protective’ effect on diabetes when the controls
are limited to infant-exposed or pre-school exposed be-
cause of age differences. These associations support that
fetal-stage exposed to famine has an adverse influence
on the burden of diabetes in adulthood [26, 27].

Several mechanisms may explain the association be-
tween famine exposure in the fetal period and later risk of
diabetes. Firstly, epigenetic changes might play an essential
role. Several Dutch famine studies have observed that fam-
ine exposure during the fetal period could change

methylation levels of genes in biological pathways involved
in growth and metabolic function, including pancreatic
beta cell functioning (SMAD?) and insulin signaling
(INSR) [28, 29]. Secondly, severe malnutrition during early
life could alter the expression level of certain genes related
to growth and metabolic. A study conducted in rodents
has found that perinatal severe protein restriction perman-
ently changes the expression of gene clusters involved in
regulating insulin signaling and nutrient sensing [30]. In
addition, another study found that severe starvation expos-
ure lead to poor development of pancreatic beta cell mass
and function in rats, which might persist into adulthood
[31]. Moreover, poor intrauterine nutritional condition
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Table 2 The risk of diabetes in later life following exposure to famine using different control groups

Fetal-exposed group Control groups OR(95%Cl)

No. cases/ sample size Mean age (years) Control groups No. cases/ sample size Mean age (years)

Total

113/832 518 £0.7 Non-exposed 139/1536 488 + 06 158 (1.21-2.06)"
Infant-exposed 66/519 540 £ 05 0.92 (0.66-1.27)
Preschool-exposed 135/1251 555+ 04 0.77 (0.59-1.01)
Age balanced 340/3306 522 £32 137 (1.09-1.72)"

Severe area

57/471 518 £0.7 Non-exposed 75/1010 488 + 0.7 170 (1.18-245)"
Infant-exposed 44/343 540+ 05 1.05 (0.69-1.61)
Preschool-exposed 86/819 555+ 05 0.87 (061-1.25)
Age balanced 205/2172 522 £32 1.33 (0.97-1.82)

Less severe area

56/361 519+07 Non-exposed 64/526 489 + 0.7 1.33 (0.90-1.96)
Infant-exposed 22/176 540+ 05 0.77 (0.45-1.31)
Preschool-exposed 49/432 555+ 05 0.66 (0.43-1.01)
Age balanced 135/1134 522 +£32 1.36 (0.97-1.91)

Male

55/393 519+07 Non-exposed 72/733 489 + 0.7 151 (1.03-2.20)"
Infant-exposed 32/278 540+ 05 0.76 (047-1.24)
Preschool-exposed 62/636 555+ 05 066 (0.44-0.97)"
Age balanced 166/1647 523 £32 147 (1.05-2.04)

Female

58/439 518+ 06 Non-exposed 67/803 488 + 0.7 172 (1.18-2.50)"
Infant-exposed 34/241 540+ 05 1.01 (0.63-1.60)
Preschool-exposed 73/615 555+05 0.86 (0.59-1.26)
Age balanced 174/1659 520 £ 32 1.35 (0.98-1.86)

BMI < 24 kg/m2

43/423 518+ 07 Non-exposed 56/807 488 £ 0.7 1.51 (0.99-2.29)
Infant-exposed 25/285 540+ 05 0.87 (0.52-147)
Preschool-exposed 58/701 555+ 05 0.84 (0.55-1.29)
Age balanced 139/1793 523 +£32 1.34 (093-1.92)

BMI > 24 kg/m?2

70/409 519+ 07 Non-exposed 83/729 488 + 0.7 164 (1.16-2.31)"
Infant-exposed 41/234 540 £ 05 1.00 (0.65-1.53)
Preschool-exposed 77/550 555+ 05 0.75 (0.52-1.07)
Age balanced 01/1513 520+£32 138 (1.02-1.86)"

Abbreviations: OR odds ratio, C/ confidence interval, NO. numbers

All the analysis adjusted for gender, BMI, smoking status, drinking status, physical activity level, the highest education attainments of participants and their

parents. * P<0.05; " P<0.01

may influence the development of skeletal mass and in-
crease the risk of insulin resistance in later life [32].

The association between the famine exposure in fetal
period and diabetes risk seems to be stronger among
males than females in our study. Similar sex disparity
was also observed in our previous study, which found

that males were associated with the higher risks of early
life famine exposure related chronic lung diseases [33].
We speculate that the sex difference might be linked
with the sensitivity response to famine exposure between
sexes. Males are more susceptible than females to ad-
verse effects of famine exposure in the perinatal periods
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[34, 35]. More study is needed to clarify the sex gap in
this association.

In the current study, we also found that overweight and
obesity in later life were associated with higher diabetes
risk in adulthood. Similar association was also described
in previous studies conducted in China and Netherlands
[19, 27]. The mismatch between perinatal poor nutritional
environment and postnatal rich environment could partly
explain the famine related risk of diabetes [32]. Our results
suggest that both improving intrauterine nutrition envir-
onment and controlling weight in the postnatal period are
important for ameliorating glycemic profile.

The unexpected finding was the associations between
famine exposure and diabetes risk was not different between
severely affected areas and less severely affected areas. These
results indicated that within area variations in famine sever-
ity may exceed between area differences in famine severity.
This means that the areas employed may be too large to ad-
equately define famine severity at the local level.

Additionally, we did not observe significantly differ-
ence for mean level of FPG between famine exposure
and non-exposed groups, whereas diabetes did. It was
inconsistent with previous study of Li, which reported
that famine exposure group had a higher mean level of
FPG, whereas diabetes did not [19]. We speculated that
age of participants and hypoglycemic therapy may con-
tribute to the difference. The mean age of participants in
Li’s study is 10 years younger than that in the current
study. Participants with hypoglycemic therapy in the
current study might be more than that in the Li’s study
due to higher diabetes prevalence (13.6% vs. 1.70%).
Thus, the mean FPG level of exposure group in the
current study could be decreased.

Several limitations of the current study should be
noted. Firstly, the survivor bias could be a main limita-
tion of our study. The China famine caused approxi-
mately 30 million deaths and many subjects with severe
metabolic and structural disorders in the perinatal
period may have died in the famine. Hence, the survi-
vors could be relatively healthier subjects. The bias is ac-
ceptable in the present study because it attenuates the
effect of famine exposure, and underestimates magni-
tude of the association we presented. Secondly, we can-
not accurately divide fetal and infant exposures because
the famine did not start exactly from 1959. Thus, there
may be participants who were exposed to famine in in-
fant stage may be included in the fetal-stage exposure
group. This misclassification could decrease the real as-
sociation between fetal-stage famine exposure and risk
of diabetes in adults, which have been validated by per-
forming similar regression analysis within population
without excluding these participants (Additional file 1:
Table S1 and Table S2 in supplemental materials). To re-
duce this misclassification, the current study excluded
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the participants whose birthdates from January 1st 1959
to September 30th 1959. Third, we did not collect ob-
jective indicators, including personal famine exposure,
birth weight, and birth length, in this study, which could
reflect the effect of famine on a personal level. A study
with more individual information collected is warranted.
In addition, though the age-balanced control group was
used, the difference of age between age-balanced control
group and fetal-infant-famine exposed group remains.
However, that age difference is small (less than 1 year)
and unlikely to change our results significantly.

Conclusions

Exposure to the Great Chinese Famine exposure in early
life is associated with elevated diabetes risk in adults. Fu-
ture studies conducted in other population are required
to confirm our findings.

Additional file

N
Additional file 1: Table S1. Basic characteristic of study population without

excluding subjects who born during 1/1/1959-9/30/1959 and 10/1/1961-9/30/
1962 according to Chinese famine exposure. Table S2. Associations between
famine exposure and diabetes prevalence risk in population without excluding
subjects who born during 1/1/1959-9/30/1959 and 10/1/1961-9/30/1962, odds
ratio (95% confidence interval). Abbreviations: OR, odds ratio; Cl, confidence
interval. Age-balanced control group as the reference group. Model 1 did not
adjust for any covariate. Model 2 adjusted for gender and BMI, Model 3 further
adjusted for smoking status, drinking status, physical activity level, parents’ and
their own the highest education attainments. (DOCX 17 kb)
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