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Abstract
Aims/hypothesis Limited studies have compared the effect of
prenatal or postnatal exposure to different severities of famine
on the risk of developing diabetes. We aimed to measure the
association between diabetes in adulthood and the exposure to
different degrees of famine early in life (during the prenatal or
postnatal period) during China’s Great Famine (1959–1962).
Methods Data from 3967 individuals were included (a total of
2115 individuals from areas severely affected by famine, 1858
from moderately affected areas, 6 excluded due to missing
data). A total of 2335 famine-exposed individuals were further
divided into those exposed during the fetal stage, childhood or
adolescence/young adulthood. We constructed a difference-
in-differences model to compare HbA1c and fasting plasma
glucose among the participants exposed to different degrees
of famine intensity at different life stages. Logistic analyses
were used asmeasures of the association between diabetes and
the different levels of famine severity at different life stages.
Results Individuals who had been exposed to famine during
the fetal period, childhood, and adolescence/adulthood and
who had lived in a severely affected area had a 0.31%,

0.20% and 0.27% higher HbA1c, respectively, (all p<0.01)
compared with unexposed individuals. After adjusting for
age, sex, smoking status, education level and waist circumfer-
ence, participants exposed to severe famine during the fetal
stage (OR 1.90, 95% CI 1.12, 3.21) and childhood (OR 1.44,
95% CI 1.06, 1.97) had significantly higher odds estimates.
Unexposed participants living in severely and moderately af-
fected areas had a comparable prevalence of diabetes (OR
1.22, 95% CI 0.80, 1.87). A significant interaction between
famine exposure during the fetal and childhood periods and
the level of severity in the area of exposure was found
(p<0.05).
Conclusions/interpretation Exposure to severe famine in the
fetal or childhood period may predict a higher HbA1c and an
increased diabetes risk in adulthood. These results from China
indicate that both the prenatal and postnatal period may offer
critical time windows for the determination of the risk of
diabetes.
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Abbreviations
DID Difference-in-differences
FPG Fasting plasma glucose
SPECT-
China

Survey on Prevalence in East China for
Metabolic Diseases and Risk Factors

Introduction

Diabetes is an important cause of mortality and morbidity
worldwide [1]. It has become pandemic in some developing
countries. According to data from 2008, individuals in China
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and India accounted for 40% of the global population with
diabetes (approximately 138 million individuals) and those
in the USA and Russia accounted for 10% (approximately
36 million individuals) [2]. More recent data indicate that
the prevalence of diabetes in Chinese adults has increased to
11.6% [3]. The emerging pandemic is partly driven by popu-
lation growth, ageing and diet and lifestyle changes, as well as
by the greater longevity of individuals with diabetes [2, 4].
However, the results of our previous studies suggest that pre-
natal and early postnatal exposure to famine might also play
an important role in the development of metabolic diseases,
including diabetes [5] and fatty liver disease [6], consistent
with the results of other studies [4, 7–9].

The developmental origins of health and disease theory
hold that responsiveness to malnutrition early in life leads to
metabolic and structural changes that might be useful for sur-
vival in early life but might also increase the risk of some non-
communicable diseases in later life [10]. Observations of the
aftermath of famines offer a unique chance to understand the
association between famine exposure early in life and the de-
velopment of diabetes in adulthood. Examining data from the
Ukraine famine of 1932–1933, Lumey et al found a dose–
response relationship between famine severity during prenatal
development and the risk of diabetes later in life [4]. However,
a postnatal exposure effect was not detected. A study of the
1944–1945 Dutch famine also indicated that self-reported un-
dernutrition during childhood was associated with diabetes in
a dose-dependent manner [8], although self-reported informa-
tion may be limited by its subjective nature and the inability of
individuals to report prenatal exposure. China’s Great Famine
of 1959–1962 is considered to be the largest and most severe
famine of the 20th century [11], resulting in approximately 30
million excess deaths [12]. Previous studies have explored the
association between famine exposure in early life and diabetes
[5, 7] in the Chinese population but did not explicitly compare
the effect of prenatal and postnatal exposure to different levels
of famine severity on the risk of developing diabetes in
adulthood.

Using the most recent data from the Survey on Prevalence
in East China for Metabolic Diseases and Risk Factors
(SPECT-China) from 2014 to 2015, wewere able to determine
whether prenatal or postnatal exposure to severe famine, com-
pared with moderate famine, was associated with greater dia-
betes prevalence in adulthood, thus expanding our previous
findings [5].

Methods

Study population SPECT-China was a cross-sectional inves-
tigation of the prevalence of metabolic diseases and risk fac-
tors in East China (www.chictr.org.cn registration no.
ChiCTR-ECS-14005052). A stratified cluster sampling

method was used. The sampling process was stratified
according to rural/urban areas and economic status in
Shanghai, Jiangxi Province and Zhejiang Province. The de-
tailed sampling process has been described in previous studies
[5, 13]. This portion of the study was performed in 2014. In
2015 we studied data from the Anhui Province using the same
scheme. Chinese adults aged 18 years and over who had
lived at their current residence for 6 months or longer
were selected and invited to participate in the study.
Those with severe communication problems, acute illness
or an unwillingness to participate were excluded. Anhui
Province was the most severely affected area during
China’s Great Famine of 1959–1962, with an excess death
rate of 475% [14]. Three rural sites were chosen and 2115
participants were recruited. We also selected rural sites in
Shanghai and included 1858 participants in this moderate-
ly affected area, which had a death rate of 24% during the
1959–1962 famine [14]. In total, 3973 participants were
selected. Finally, after excluding participants who had
missing fasting plasma glucose (FPG) and HbA1c results
(n = 6), 3967 participants were included in this famine
exposure study (Fig. 1). The study protocol was approved
by the Ethics Committee of Shanghai Ninth People’s
Hospital, Shanghai JiaoTong University School of
Medicine. All procedures were performed in accordance
with the ethical standards of the responsible committee on
human experimentation (institutional and national) and
with the Helsinki Declaration of 1975, as revised in
2008. Informed consent was obta ined from al l
participants.

Clinical, anthropometric and laboratory measurements A
questionnaire was used to collect information on participants’
demographic characteristics, medical history and lifestyle risk
factors. Current smoking was defined as having smoked at
least 100 cigarettes in one’s lifetime and currently smoking
cigarettes [3]. Self-reported educational levels were
categorised into low and high levels (socioeconomic status
proxy). Blood pressure was measured using standard
methods, described previously [3]. Waist circumference was
measured at a point midway between the lowest rib and the
iliac crest.

Venous blood samples were drawn after participants had
fasted overnight for at least 8 h. Blood samples for measuring
FPG were collected into vacuum tubes containing the antico-
agulant sodium fluoride and centrifuged within 1 h of collec-
tion. Blood samples were stored at –20°C and were shipped
by air within 2–4 h of collection, on dry ice, to a central
laboratory certified by the College of American Pathologists.
HbA1c was assessed by high-performance liquid chromatog-
raphy (MQ-2000PT; Medconn, Shanghai, China). FPG was
measured with a Beckman Coulter AU 680 analyser
(Beckman Coulter, Brea, USA).
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Exposure age and area categories Exposure to famine was
based on the year of birth. Similar to previous studies [5, 8],
individuals were categorised according to their life stage at the
time of exposure to famine (1 January 1959 to 31 December
1962). Exposure groups were as follows: fetal period (those
born between 1959 and 1962 [n=489]); childhood (those
born between 1949 and 1958 [n=1140]); adolescence and
young adulthood (those born between 1926 and 1948
[n= 706]) and unexposed (those born between 1963 and
1997 [n=1632]).

As previously described, the excess death rate for each
province was used to determine the famine severity [14] and
was calculated as the change inmortality rate from the average
level in 1956–1958 to the highest value in 1959–1962 [14].
Areas of famine were divided into severely (Anhui Province)
and moderately (Shanghai) affected areas according to the
excess death rates during the famine.

Definition of diabetes Diabetes was determined according to
the American Diabetes Association 2014 criteria: a previous
diagnosis by a healthcare professional; FPG≥7.0 mmol/l or
HbA1c≥6.5% (47.5 mmol/mol).

Statistical analysis IBM SPSS Statistics, Version 22 (IBM
Corporation, Armonk, NY, USA) and Stata, Version 12.0
(StataCorp, College Station, TX, USA) were used to perform
the analyses. All analyses were two-sided. A p value of <0.05
indicated a significant difference. Continuous variables were
expressed as means±SD and categorical variables as a per-
centage (%). Participants’ characteristics were compared by
Student’s t test for continuous variables with a normal distri-
bution, Mann–Whitney U test for continuous variables with a

skewed distribution and Pearson χ2 test for categorical
variables.

To examine the relationship between the severity of famine
exposure and the prevalence of diabetes in adulthood, a logis-
tic regression analysis (backward stepwise) was used. The
moderately affected famine group was the reference. Model
1 was adjusted for age and sex. Model 2 was further adjusted
for current smoking and education level (low/high, socioeco-
nomic status proxy). Model 3 was adjusted for the variables in
model 2 and waist circumference (continuous variable). The
results were expressed as OR (95% CI). The interaction be-
tween the stage of life at which exposure to famine occurred
and the severity of famine in the location of exposure was
tested by using a multiplicative factor in the logistic regression
model.

To increase the study power for comparing exposure
groups, we also evaluated HbA1c and FPG in individuals re-
siding in the severely affected areas born during and before or
after the famine and compared these differences with the cor-
responding differences for individuals residing in the moder-
ately affected areas. This comparison produced the difference-
in-differences (DID) models [15]. Ordinary least-squares re-
gressions were used, and the model was adjusted for age, sex,
current smoking status, education level and waist
circumference.

Finally, a sensitivity analysis was performed using finer
age categories. The childhood-exposed group was split into
early (born 1954–1958) and late (born 1949–1953) exposure
groups. We excluded the group exposed in young adulthood
and included only the group exposed in adolescence, born
between 1963 and 1974, to narrow the age range. For the
unexposed group, individuals aged 40–52 years at the time

Rural site

SPECT-China study

Area with severe famine

(Anhui Province)

(n=2115)

Total participants (n=3973)

Final sample (n=3967)

Area with moderate famine

(Shanghai)

(n=1858)

Excluded:

missing FPG 

     and HbA
1c

(n=6)

Unexposed (born 1963−1997) (n=1632)

Fetal-exposed (born 1959−1962) (n=489)

Childhood-exposed (born 1949−1958) (n=1140)

Adolescence/adult-exposed (born 1926−1948) (n=706)

264 Diabetologia (2017) 60:262–269

Fig. 1 Flowchart of participants selected from three rural locations in each of a representative moderately affected area (Shanghai) and a severely
affected area (Anhui Province) of famine



of the study, born between 1963 and 1974, were included;
these individuals were born before China’s reformation when
nationwide economic development began.

Results

Characteristics of the exposed and unexposed participants
in the severely and moderately affected famine areas The
characteristics of the exposed and unexposed participants in
the severely and moderately affected famine areas are
summarised in Table 1. Compared with the participants in
the moderately affected area, the fetal- and childhood-
exposed participants in the severely affected area were 1 year
older, due to our survey time, and they had a significantly
higher education level and a higher HbA1c (p<0.05). The
fetal-exposed participants also had a 2.6 cm greater waist cir-
cumference (p<0.05). However, we found that the unexposed
participants were not significantly different from the famine-
exposed participants in this regard.

Prevalence of diabetes and life stage during famine expo-
sure The prevalence of diabetes in the unexposed group and
groups exposed to famine during the fetal stage, childhood
and adolescence/adulthood was 9.8%, 22.6%, 26.0% and
24.5%, respectively, in the severely affected area and 5.7%,
11.2%, 19.0% and 18.6%, respectively, in the moderately

affected area (Fig. 2). Compared with the participants in the
moderately affected area, the fetal- and childhood-exposed
participants in the severely affected area had a significantly
higher prevalence of diabetes (both p<0.05, adjusted for age,
sex, current smoking status, education level and waist circum-
ference). However, the unexposed participants in the severely
and moderately affected areas had a comparable prevalence of
diabetes. Information of the number of cases of diabetes and
sample size, collected at 2 year intervals, is shown in electron-
ic supplementary material (ESM) Table 1.

DID estimates of the effect of severe famine exposure on
HbA1c and FPG in adulthood Tables 2 and 3 present DID
estimates for HbA1c and FPG in all of the participants
and in participants not taking glucose-lowering drugs.
The individuals exposed to famine during the fetal
stage, childhood and adolescence/adulthood living in a
severely affected area had a 0.31%, 0.20% and 0.27%
higher HbA1c, respectively, (all p< 0.01), compared with
the unexposed individuals. Similarly, in participants not
taking glucose-lowering drugs, the fetal-, childhood- and
adolescence/adult-exposed individuals living in a severe-
ly affected area had a 0.22%, 0.15% and 0.34% higher
HbA1c, respectively (all p< 0.01). However, the associ-
ation between FPG and living in a severely affected
area was not significant in any of the participants
whether or not they were taking glucose-lowering drugs.

Table 1 Characteristics of the famine-exposed and unexposed individuals in the severely and moderately affected areas

Characteristic Unexposed
(birth year 1963–1997)

Fetal-exposed
(birth year 1959–1962)

Childhood-exposed
(birth year 1949–1958)

Adolescence-exposed
(birth year 1926–1948)

Severely
affected area

Moderately
affected area

Severely
affected area

Moderately
affected area

Severely
affected area

Moderately
affected area

Severely
affected area

Moderately
affected area

N 981 651 230 259 530 610 368 338

Age, years 44± 6 41 ± 8* 54± 1 53± 1* 62± 3 61 ± 3* 71± 4 72± 5

Men 36.6 35.3 35.7 40.2 47.4 42.3 61.4 43.2*

Current smoker 16.3 19.2 22.0 27.3 23.8 24.5 31.7 17.6*

Level of education

Low 70.9 88.1 92.8 98.8 96.9 99.6 97.8 98.4

High 29.1 11.9* 7.2 1.2* 3.1 0.4* 2.2 1.6

WC, cm 80.8 ± 10.3 77.4 ± 10.1* 84.1 ± 9.2 81.5 ± 9.7* 84.9 ± 9.4 83.8 ± 9.4 87.5 ± 10.6 84.6 ± 10.0*

HbA1c, % 5.5 ± 0.9 5.1 ± 0.8* 6.0 ± 1.2 5.3 ± 0.8* 6.1 ± 1.2 5.6 ± 1.0* 6.2 ± 1.2 5.5 ± 0.9*

HbA1c, mmol/mol 37.0 ± 9.8 32.0 ± 9.2* 42.5 ± 12.7 34.8 ± 9.2* 43.6 ± 12.7 37.3 ± 10.7* 44.1 ± 13.0 36.3 ± 9.8*

FPG, mmol/l 5.38 ± 1.41 5.48± 1.40 5.79± 1.92 5.85 ± 1.46 5.91± 1.70 6.12 ± 1.65* 5.99 ± 1.89 6.04± 1.54

Continuous variables are expressed as the mean± SD and categorical variables are presented as %

When comparing differences, Mann–Whitney U test and Student’s t test were used for continuous variables with a skewed distribution and a normal
distribution, respectively, and the Pearson χ2 test was used for categorical variables

*p< 0.05 compared with individuals in the severely affected area

WC, waist circumference
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Association between the severity of famine exposure and
the risk of developing diabetes in adulthood Table 4 pre-
sents the associations between the severity of famine exposure
and the prevalence of diabetes in exposed and unexposed par-
ticipants. After adjusting for age, sex, current smoking and
education level, exposure to severe famine during the fetal stage
(OR 2.44, 95% CI 1.45, 4.08), childhood (OR 1.40, 95% CI
1.04, 1.89) and adolescence/adulthood (OR 1.59, 95% CI 1.08,
2.36) was associated with significantly greater prevalence esti-
mates. After also adjusting for waist circumference, the ORs
were 1.90 (1.12, 3.21) and 1.44 (1.06, 1.97) in the fetal- and
childhood-exposed participants, respectively. For participants
exposed to severe famine during adolescence/adulthood, if we
adjusted for waist circumference, the association weakened
such that it was no longer statistically significant (OR 1.38,
95% CI 0.91, 2.10). The unexposed participants living in the
severely and moderately affected areas had comparable diabe-
tes ORs in all three models (OR 1.42 [95% CI 0.95, 2.13] in
model 1; OR 1.41 [95% CI 0.93, 2.14] in model 2; OR 1.22,
[95% CI 0.80, 1.87] in model 3). A significant interaction be-
tween famine exposure and the areas was found only for the
groups exposed during the fetal stage and childhood (p<0.05).

In sensitivity analyses using finer age categories (ESM
Table 2), individuals exposed to famine during the fetal stage
(OR 2.10, 95%CI 1.21, 3.63) and late childhood (OR 1.76, 95%
CI 1.14, 2.72) in a severely affected area still had significantly
greater prevalence estimates in the final model. In the unexposed
participants, the risk of developing diabetes was not significantly
different for the severely and moderately affected areas.

Discussion

We found that exposure to severe famine vs moderately severe
famine during the fetal stage increased the odds of developing
diabetes as an adult by 1.6-fold (1.90/1.22), whereas exposure
during childhood increased the odds by 1.2-fold (1.44/1.22).
Using DID models, we also found that prenatal or postnatal
exposure to more severe famine increased HbA1c by 0.20–0.31
when the individuals were aged 50 years or older. Combined
with the results of our previous study [5], these results indicate
that both prenatal and postnatal life stages may be important time
windows for determining the future risk of diabetes.

Our previous study evaluated participants from three areas
with comparable and moderate famine severity in China to
analyse whether exposure to famine early in life was associ-
ated with diabetes later in life [5]. We found that, compared
with unexposed participants, famine exposure during the fetal
period (OR 1.53, 95% CI 1.09, 2.14) and childhood period
(OR 1.82, 95% CI 1.21, 2.73) was associated with diabetes
[5]. However, a limitation of that study was the lack of quality
data for the famine and non-famine exposure groups. In the
present study, we added three sites from Anhui Province, one
with the most severe famine exposure, allowing us to address
the association between the severity of famine exposure early
in life and the prevalence of adult diabetes. We further com-
pared the unexposed participants in the severely and moder-
ately affected areas and found that they had comparable dia-
betes risks, which reinforces our conclusions regarding the
effect of famine on diabetes risk.

Lumey et al reported that prenatal exposure to extreme
famine in eastern Ukraine in 1934 increased the odds of de-
veloping type 2 diabetes in adulthood by 1.5-fold [4]. Another
study found that postnatal exposure to severe famine in a
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Fig. 2 Prevalence of diabetes in severely and moderately affected areas
of famine. Birth year of participants is given in parentheses. *p< 0.05
compared with the corresponding moderately affected area, adjusted for
age, sex, current smoking status, education level andwaist circumference.
†p < 0.05, significant interaction effects between famine-affected areas
and different life stages of famine exposure. Black bars, severely affected
area; white bars, moderately affected area

Table 2 DID estimates of prena-
tal or postnatal exposure to severe
famine on HbA1c in adulthood,
based on ordinary least-square
regressions

Characteristic Fetal-exposed Childhood-exposed Adolescence/adult-exposed Unexposed

HbA1c 0.31 (0.13, 051)** 0.20 (0.05, 0.35)** 0.27 (0.09. 0.44)** Ref.

Loge FPG 0.00 (−0.04, 0.04) −0.00 (−0.04, 0.03) 0.01 (−0.03, 0.04) Ref.

Data are presented as coefficients (95% CI). The model included terms for age, sex, current smoking status,
education level and waist circumference

Ref., reference (the unexposed)

**p< 0.01 vs the unexposed
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Dutch population increased diabetes risk in women by 1.5-
fold [8]. In this study, we were able to compare the effects of
both prenatal and postnatal exposure to different levels of
famine severity on the risk of developing diabetes in the same
population. Our findings are in accordance with those of the
two studies mentioned above and with the results of our pre-
vious study [5]. These findings suggest not only is the fetal
stage a particularly vulnerable period for malnutrition
reprogramming but also that childhood (0–9 years old) is a
vulnerable period. This study supports the developmental or-
igins of health and disease hypothesis [16, 17] and indicates
that the adverse effects of famine exposure may extend be-
yond the ‘first 1000 days’ [8, 18].

Regarding potential mechanisms underlying this associa-
tion, we are increasingly aware that epigenetic changes have
important relevance. A study that evaluated whole blood from
Dutch participants who had been exposed to famine during the
prenatal period reported that regions of differential methyla-
tion extended along pathways related to growth and metabo-
lism [19]. Epigenetic plasticity may also extend into the post-
natal life stage, leading to the proposition of ‘metabolic im-
printing’ as the biological phenomenon that underlies the

associations between nutritional events early in life and met-
abolic diseases later in life [20, 21]. However, the epigenetic
studies of childhood exposure to energy restriction are limited
and findings need to be confirmed. Furthermore, bioinformat-
ics studies indicate that perinatal malnutrition could perma-
nently alter the expression of gene clusters that regulate insu-
lin signalling and nutrient sensing, and this could affect the
detection and use of lipid nutrients as fuel [22]. Additionally,
adult offspring from mothers who underwent protein restric-
tion experienced age-related impairment of glucose tolerance
and a loss of insulin sensitivity in adipose tissue as well as an
increase in proinflammatory markers [23–25]. A better under-
standing of this association requires additional studies.

In logistic analyses, we adjusted for age and sex in the base
model. Low educational level (socioeconomic status proxy)
and smoking status may be important risk factors for diabetes
[8, 26]. However, the adjustment for such risk factors yielded
very slight or almost no change in risk estimates. Previous
studies suggested that waist circumference was an important
covariate linking famine exposure early in life to the develop-
ment of type 2 diabetes later in life [8]. In our study, we also
found that adjusting for waist circumference attenuated the risk

Table 3 DID estimates of prena-
tal or postnatal exposure to severe
famine on HbA1c in adulthood,
based on ordinary least-square
regressions, excluding individuals
taking glucose-lowering drugs

Characteristic Fetal-exposed Childhood-exposed Adolescence/adult-exposed Unexposed

HbA1c 0.22 (0.07, 0.38)** 0.15 (0.03, 0.28)** 0.34 (0.18. 0.49)** Ref.

Loge FPG −0.02 (−0.05, 0.02) −0.01 (−0.04, 0.02) 0.02 (−0.01, 0.05) Ref.

Data are presented as coefficients (95% CI). The model included terms for age, sex, current smoking status,
education level and waist circumference

Ref., reference (the unexposed)

**p< 0.01 vs the unexposed

Table 4 Prenatal or postnatal exposure to the different severities of famine and the risk of developing diabetes later in life

Life stage when
exposed to famine

No. cases/sample size Model 1 Model 2 Model 3 p for interaction between
areas and exposed groups

Unexposed

Severely affected area 96/981 1.42 (0.95, 2.13) 1.41 (0.93, 2.14) 1.22 (0.80, 1.87)
Moderately affected area 37/651 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Fetal stage

Severely affected area 52/230 2.41 (1.46, 3.97)* 2.44 (1.45, 4.08)* 1.90 (1.12, 3.21)* <0.05
Moderately affected area 29/259 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Childhood

Severely affected area 138/530 1.42 (1.07, 1.89)* 1.40 (1.04, 1.89)* 1.44 (1.06, 1.97)* <0.05
Moderately affected area 116/610 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Adolescence/adulthood

Severely affected area 90/368 1.60 (1.10, 2.33)* 1.59 (1.08, 2.36)* 1.38 (0.91, 2.10) 0.86
Moderately affected area 63/338 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Data are presented as OR (95%CI), calculated by logistic regression models (backward stepwise). Interaction effects between areas and exposed groups
were measured in model 3. Model 1 included terms for age and sex. Model 2 included terms for model 1, current smoking status and education level.
Model 3 included terms for model 2 and waist circumference

*p< 0.05 vs moderately affected area
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estimates in participants exposed to famine during the fetal
stage and adolescence/adulthood. Moreover, in the participants
exposed to famine during adolescence/adulthood, the associa-
tion weakened such that it was no longer significant. Because
abdominal obesity could be induced by malnutrition early in
life [27] and could also cause diabetes [28], waist circumference
accounted for the majority of the association between famine
severity and diabetes risk in participants exposed to famine
during adolescence/adulthood but only partially explained the
association in participants exposed during the fetal period.

An unexpected finding was that participants in the severe
famine area appeared to have attained a higher level of edu-
cation than those in the moderate famine area. In our study, a
portion of participants in the severe famine area attended func-
tional communities such as schools, which may have in-
creased the proportion of individuals attaining a high educa-
tion level. This observation indicates that severe famine expo-
sure does not necessarily lead to low socioeconomic status
[15]. After excluding individuals reaching a high level of ed-
ucation (a relatively small sample) from our data, our findings
were not significantly changed (ESM Table 3).

Our study has some strengths, including a strong quality
control due to the inclusion of areas with different levels of
famine severity and the adjustment for important covariates.
Anthropometric measurements and questionnaires were all
completed by individuals in the same trained research group,
thus providing strong quality control. This study also added
value to previous studies. The association between famine and
diabetes was not fully addressed in previous studies because
of the inclusion of only women, the limited evaluation of
either prenatal or postnatal exposure or the inclusion of re-
gions without different famine severities. To help tackle these
problems, we evaluated participants exposed to China’s Great
Famine of 1959–1962. These data included both sexes, pre-
natal and postnatal famine exposure and different levels of
famine severity. We also performed interaction analyses and
used DID models and finer age categorisation to consolidate
our findings. Thus, our study provides objective and possibly
unique evidence to support the notion of an association be-
tween diabetes and prenatal or postnatal exposure to famine in
areas with different levels of famine severity.

There are also some limitations to this study. We did not
include other possible confounders such as birthweight or the
avoidance of famine exposure because of social status.
However, before China’s reform, the Chinese government
pursued an egalitarian policy and the standard of living was
low. Any greater access to food was probably limited to a very
small portion of the population so this might not significantly
affect the results of this large study. Finally, we were unable to
include a group that was not affected by the famine for com-
parison. However, because China’s Great Famine affected all
of the areas in China [29], identifying a location where people
did not suffer from famine may not be feasible.

Migrations could be another potential problem. We enrolled
residents who had lived in their current residence for 6 months
or longer. It is assumed that they were born in the local area and
did not move from other areas. This assumption might lead to
biased estimates of famine effects. However, although popula-
tion mobility is increasing with economic development in
China, acquisition of permanent residency has strict require-
ments and must be approved by the Chinese government.
According to a national investigation, approximately 97% of
the rural population still lived in the place in which they were
born [7]. Moreover, the exposed participants in our study are
close to retirement age, so they are less likely to be mobile than
younger individuals. Therefore, the small proportion of migra-
tion that occurred may not have affect the overall results.

In conclusion, we noted that exposure to severe famine
during the fetal period and childhood was significantly asso-
ciated with increased HbA1c and higher diabetes prevalence in
adulthood. Combined with the results of our previous study
[5], these results from China indicate that the prenatal and
postnatal life stages may provide a critical timing window
for determining the risk of diabetes, at least in part.
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