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Abstract

Background: Prenatal exposure to famine and adulthood obesity have been independ-

ently related to the risk of type 2 diabetes; however, little is known about the joint effects

of these risk factors at different stages of life on adulthood diabetes risk.

Methods: The analysis included 88 830 participants of the China Kadoorie Biobank, who

were born around the time of the Chinese Great Famine and without diabetes, cardiovascu-

lar diseases, or cancer at baseline. We defined famine exposure subgroups as nonexposed

(born between 1 October 1962 and 30 September 964), fetal-exposed (born between 1

October 1959 and 30 September 1961) and early-childhood exposed (born between 1

October 1956 and 30 September 1958). General obesity was assessed by body mass index

(BMI: overweight�24.0, obesity� 28.0) and abdominal obesity assessed by waist-to-hip

ratio (WHR, men/women: moderate�0.90/0.85, high�0.95/0.90).

Results: During a median 7.3 years (642 552 person-years) of follow-up, we identified

1372 incident cases of type 2 diabetes. Compared with nonexposed and early-childhood

exposed participants combined as a single comparison group, fetal-exposed participants

showed an increased risk of diabetes in adulthood [hazard ratio (HR)¼1.25; 95% confi-

dence interval (CI): 1.07–1.45]. The association between general obesity and diabetes

was consistent across subgroups according to famine exposure (P for interaction>0.05).

A stronger association between abdominal obesity and diabetes was observed in the

fetal-exposed subgroup than in other subgroups (P for interaction¼0.025 in the whole
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population). This interaction was more obvious in women (P¼ 0.013) but not in men

(P¼0.699). Compared with normal-BMI and -WHR participants, those with both general

(BMI� 24.0) and abdominal (WHR�0.90/0.85) obesity in adulthood had 5.32 (95% CI:

3.81–7.43)-, 3.13 (2.48–3.94)- and 4.43 (3.45–5.68)-fold higher risks if these were carried

during, before and after times of famine, respectively.

Conclusions: Coexistence of prenatal experience of undernutrition and abdominal

obesity in adulthood was associated with a higher risk of type 2 diabetes.

Key words: Starvation, obesity, type 2 diabetes

Introduction

Since 1980, the diabetes burden has shown a faster increase

in low- and middle-income countries than in high-income

countries.1 The prevalence of diabetes has risen rapidly

from 2.5% in 19942 to 11.6% in 20103 in China. The

speedy increase of diabetes is parallel with the rise of obesity

and the dramatic transition of traditional lifestyle toward

unhealthy patterns.4 In addition, growing evidence has sug-

gested that poor nutrition in early life also has profound ef-

fects on the predisposition to diabetes in later life.5,6

In epidemiological studies, low birthweight has been

consistently related to later risk of type 2 diabetes.7

Analyses of populations with prenatal exposure to famine

provide more a direct link between intrauterine malnutrition

and adulthood risk of type 2 diabetes.8–10 A recent study

found that the prevalence of hyperglycaemia associated

with fetal exposure to famine was higher among individuals

with higher adulthood body mass index (BMI), suggesting

that prenatal exposure to famine may interact with obesity

in later life to increase the risk of type 2 diabetes.11 In add-

ition, recent studies suggest that distinct obesity patterns,

such as combinations of general and abdominal obesity,

may differently affect diabetes risk.12 However, no

prospective study has assessed the joint associations of these

factors with risk of type 2 diabetes.

The Chinese Great Famine of 1959–61 caused millions

of excess deaths.13 It lasted over a relatively prolonged

period in a previously chronically malnourished population

who had not experienced significant nutritional transition

until recent decades. In the present study, we prospectively

examined whether early exposure to the Chinese Great

Famine interacted with general and abdominal obesity in

adulthood to increase the risk of incident type 2 diabetes in

the China Kadoorie Biobank (CKB) cohort. In other words,

we were interested in whether people who had ever experi-

enced famine exposure in their early life would have a

different risk of type 2 diabetes associated with the

established risk factor of adult obesity.

Methods

Participants

As previously described,14,15 the CKB cohort was estab-

lished during 2004–08 when 512 891 adults aged 30–79

years were enrolled from 10 study areas geographically

spread across China, with valid baseline data including a

completed questionnaire, physical measurements and a

written informed consent form. The Ethical Review

Committee of the Chinese Center for Disease Control and

Prevention (Beijing, China) and the Oxford Tropical

Research Ethics Committee, University of Oxford (UK),

approved the study.

For the present study, we restricted the analysis to par-

ticipants who were born between 1 October 1956 and 30

September 1964 (n¼120 492). The exact dates of the start

Key Messages

• The prenatal experience of the Chinese Great Famine was associated with an increased risk of adult type 2 diabetes,

in this large prospective cohort study.

• Coexistence of prenatal famine experience and abdominal obesity in adulthood was associated with a higher risk of

type 2 diabetes, especially in women.

• Participants who had childhood exposure to famine, and had both general and abdominal obesity in adulthood, had

more than four times higher risks of diabetes than the non-obese.

• This study suggests that lifespan prevention may help relieve the growing burden of diabetes in China.
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and the end of the Chinese famine were not available and

also not the same across regions. To minimize potential

misclassification of the exposure periods, we excluded par-

ticipants who were born between 1 October 1958 and 30

September 1959 (n¼ 11 579), and between 1October 1961

and 30 September 1962 (n¼ 14 861). Such exclusion was

adopted in previous Chinese famine studies.11,16 We fur-

ther excluded participants with previously diagnosed heart

disease (n¼ 946), stroke (n¼ 545) or cancer (n¼ 313), and

participants (n¼3598) who had a self-reported history of

diabetes or screen-detected diabetes, defined as measured

fasting blood glucose �7.0 mmol/l or random blood

glucose �11.1 mmol/l at baseline. Such exclusion was

conducted to prevent an incidence/prevalence bias and rule

out the possibility of reverse causation for obesity patterns,

adjusted lifestyle covariates and diabetes. Finally, the

analysis included 88 830 participants.

Assessment of famine exposure

All participants reported their date of birth at baseline. We

categorized participants into three famine exposure sub-

groups: nonexposed (born between 1 October 1962 and 30

September 1964), fetal-exposed (born between 1 October

1959 and 30 September 1961) and early-childhood exposed

(born between 1 October 1956 and 30 September 1958).

Assessment of obesity patterns

At baseline, trained staff measured body weight, standing

height, waist circumference and hip circumference, using cali-

brated instruments. BMI was calculated as weight in kilo-

grams divided by height in metres squared. General obesity

was determined by the BMI, categorized using the Chinese

specific cutoff values as underweight (<18.5), normal

(18.5–23.9), overweight (24.0–27.9) and obesity (>28.0).17

Waist-to-hip ratio (WHR) was calculated as waist circumfer-

ence divided by hip circumference. Abdominal obesity was

determined by the WHR, categorized as: normal (<0.90 for

men and <0.85 for women), moderate (0.90–0.94 for men

and 0.8–0.89 for women) and high (�0.95 for men and �90

for women).18 Overweight/obesity (G, BMI� 24.0) and

abdominal obesity (A, WHR� 0.90 for men and �0.85

for women) were also included in the analyses in the

following joint categories: Gþ/Aþ (both higher than nor-

mal), G-/A- (both normal), and Gþ/A- or G-/Aþ (mixed).

Assessment of covariates

Covariate information was obtained from baseline question-

naire including sociodemographic characteristics, lifestyle

behaviuors, women’s reproductive information, and personal

and family medical history. The daily level of physical activ-

ity was calculated by multiplying the metabolic equivalent

tasks (METs) value for a particular type of physical activity

by hours spent on that activity per day, and summing the

MET-hours for all activities. Habitual dietary intake in the

past year was assessed by a short qualitative food frequency

questionnaire. Participants were considered as having a fam-

ily history of diabetes if they reported at least one first-degree

relative with diabetes. In a subsample of 1300 participants

who completed the same questionnaire twice at an interval

of <1.5 years, we observed moderate to excellent reproduci-

bility for most of the lifestyle variables.19

Ascertainment of type 2 diabetes

We identified incident diabetes since the participants’ en-

rolment into the study at baseline using linkage with local

disease and death registries, with the recently established

national health insurance system and by active follow-

up.14 Trained staff, blinded to the baseline information,

coded all cases with the 10th revision of the International

Classification of Diseases (ICD-10). For the present ana-

lysis, we included diabetes cases coded as E11 and E14.

Other cases clearly defined as non-type 2 diabetes were

excluded. Because most participants in the present analysis

were aged over 40 years, among whom the number of any

non-type 2 diabetes was small, misclassification of other

types of diabetes was unlikely. The validity of reported dia-

betes diagnosis has been adjudicated in a random sample

of 831 cases by reviewing their medical records, of which

98.6% were confirmed.

Statistical analysis

Analysis of variance were used to test differences in con-

tinuous variables, and binary logistic regressions were used

to test the differences in categorical variables across sub-

groups according to famine exposure in early life, adjusting

for age, sex and study areas as appropriate. We plotted the

multivariable-adjusted proportion of joint categories of

general and abdominal obesity according to famine expos-

ure in early life, which was estimated using multinomial

logistic regression. We also examined the association

between famine exposure and adult obesity at baseline by

using binary logistic regressions.

Participants contributed person-years from the date at

baseline to the diagnosis of diabetes, death, loss to follow-

up or 31 December 2013, whichever came first. A Cox pro-

portional hazards regression model was used to estimate

the hazard ratios (HRs) and 95% confidence intervals

(CIs), with age as the underlying time scale and stratified by

age at baseline in 5-year intervals and by study areas.
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The multivariable model was adjusted for age (years),

sex (for whole cohort only), education (no formal school,

primary school, middle school, high school, collegeor

university or higher), marital status (married, widowed,

divorced or separated, or never married), smoking

(never smoker, former smoker who quit for reasons other

than illness, current smoker or former smoker who quit

because of illness: 1–14, 15–24 or �25 cigarettes/day),

alcohol consumption (non-weekly drinker, former weekly

drinker, weekly drinker, daily drinker: <15, 15–29, 30–59

or �60 g/day), physical activity (MET-h/day), intakes of

fruits, vegetables, red meat, white rice and wheat

(day/calculated by assigning participants to the midpoint

of their consumption category), family history of diabetes

(yes or no) and menopausal status (premenopausal, peri-

menopausal or postmenopausal; for women only). For the

analysis of the association of BMI with type 2 diabetes

across different famine exposure subgroups, we further

adjusted for WHR to examine the independent effect of

BMI on type 2 diabetes. Similarly, BMI was additionally

adjusted for the analysis of the association of WHR with

type 2 diabetes. We also evaluated the association of the

combination obesity patterns with the risk of type 2

diabetes. We tested the multiplicative interaction with sex

or famine exposure by using a likelihood ratio test compar-

ing models with and without the cross-product term. We

assessed additive interaction by estimating the relative ex-

cess risk due to interaction (RERI). An RERI of 0 indicates

no interaction on the additive scale and >0 indicates a syn-

ergistic interaction.20 We examined linear trend by model-

ling the median values for obesity measure categories as a

continuous variable.

We calculated RERI using SAS (version 9.3, SAS

Institute Inc., Cary, NC). All other statistical analyses were

performed using Stata (version 13.1, 2013, StataCorp LP.,

College Station, TX).

Results

Early famine exposure and baseline obesity

measures and covariates

Table 1 presents the age-, sex-, and study area-adjusted base-

line characteristics of 88 830 participants according to fam-

ine exposure in early life. Participants of younger age were

more educated, less likely to smoke tobacco and drink

Table 1. Baseline characteristics of 88 830 participants according to famine exposure in early life

Nonexposed Famine exposure

Fetal Early childhood

No. of participants (%) 38588 (43.4) 18879 (21.3) 31363 (35.3)

Birth date

From 1 Oct, year 1962 1959 1956

To 30 Sep, year 1964 1961 1958

Age at baseline, mean (SE), year 42.47 (0.01) 45.55 (0.01) 48.45 (0.01)

Male, no. (%) 14537 (37.7) 7336 (38.9) 12577 (40.1)

Rural area, no. (%) 21935 (56.8) 9572 (50.7) 17230 (54.9)

Middle school and above, no. (%) 29792 (77.5) 13465 (69.5) 17546 (56.6)

Married, no. (%) 36885 (94.6) 17827 (94.8) 29658 (95.4)

Family history of diabetes, no. (%) 3202 (8.4) 1834 (9.1) 2467 (8.1)

Postmenopausal women, no. (%) 1034 (14.9) 1370 (14.2) 6574 (17.7)

Daily smoking, no. (%) 9927 (25.7) 5162 (27.6) 8986 (28.4)

Weekly alcohol consumption, no. (%) 6092 (15.0) 3208 (17.0) 5337 (18.1)

Physical activity, mean (SE), MET-h/day 25.5 (0.1) 25.3 (0.1) 24.6 (0.1)

Average weekly consumption,a mean (SE), day

Fresh fruits 2.63 (0.02) 2.72 (0.02) 2.78 (0.02)

Fresh vegetables 6.81 (0.01) 6.86 (0.01) 6.91 (0.01)

Red meat 3.64 (0.02) 3.95 (0.02) 4.23 (0.02)

White rice 5.29 (0.01) 5.26 (0.01) 5.25 (0.01)

Wheat 3.91 (0.02) 3.79 (0.01) 3.60 (0.02)

BMI, mean (SE), kg/m2 23.81 (0.03) 23.90 (0.02) 23.83 (0.03)

WHR, mean (SE) 0.879 (0.001) 0.873 (0.000) 0.864 (0.001)

The results are presented as adjusted means or percentages, with adjustment for age, sex, and study area, as appropriate.

SE, standard error.
aAverage weekly consumptions of fresh fruits, vegetables, red meat, white rice and wheat were calculated by assigning participants to the midpoint of their con-

sumption category.
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alcohol, more physically active, less frequently to consume

fruits and red meat and more frequently to consume wheat.

Compared with nonexposed and early-childhood exposed

participants, fetal-exposed participants were less likely to be

rural residents. Multivariable-adjusted proportion showed

that the three famine exposure subgroups had similar levels

of general obesity (Figure 1). However, nonexposed and

fetal-exposed participants had a higher prevalence of abdom-

inal obesity than early-childhood participants, in both nor-

mal weight and overweight participants. To balance the

differences in age between fetal-exposed and other two

groups of participants, we combined both nonexposed and

early-childhood exposed participants into one group. After

adjustment for potential confounders, compared with this

combined group of participants, famine exposure in the fetal

stage was only associated with overweight/obesity in adult

women (Supplementary Table 1, available as Supplementary

data at IJE online).

Early famine exposure and type 2 diabetes

During a median 7.3 years (642 552 person-years) of

follow-up, we identified 1372 incident type 2 diabetes. In

the multivariable-adjusted analysis, participants exposed

to famine in the fetal stage showed a slightly increased risk

of diabetes in adulthood (Table 2). Compared with nonex-

posed participants, the multivariable-adjusted HRs (95%

CIs) of type 2 diabetes were 1.21 (0.94–1.57) for

fetal-exposed participants and 0.95 (0.67–1.36) for early-

childhood exposed participants. The association of famine

exposure with diabetes was similar between men and

women (P¼0.835 for interaction with sex). When com-

pared with nonexposed and early-childhood exposed par-

ticipants combined, fetal-exposed participants showed

increased risk of diabetes in adulthood [HRs (95% CI):

1.25 (1.07–1.45); P¼ 0.559 for interaction with sex).

Early famine exposure, obesity measures and

type 2 diabetes

After mutual adjustment for both obesity measures and

other covariates, both overweight/obesity and abdominal

obesity were independently associated with an increased

risk of type 2 diabetes in the whole cohort, men, and

women (all P< 0.05 for linear trend) (Table 3). The associ-

ation between BMI and diabetes was consistent across sub-

groups according to famine exposure (P for interaction

with famine exposure>0.05). We observed a stronger as-

sociation between abdominal obesity and diabetes in the

fetal-exposed subgroup than in other subgroups (P for

interaction with famine exposure¼0.025). After adjust-

ment for BMI and other covariates, the HRs (95% CIs) of

type 2 diabetes in the fetal-exposed subgroup were 1.98

(1.43–2.74) and 3.03 (2.17–4.24) for moderate and high of

abdominal obesity, respectively, which were higher than

those in the nonexposed [HRs (95% CIs): 1.54 (1.20–1.99)

and 2.41 (1.85–3.13)] and early-childhood exposed [HRs

(95% CIs): 1.30 (1.03–1.65) and 1.85 (1.45–2.36)] partici-

pants. This trend was similarly observed in both men

and women, but appeared to be more obvious in women

(P for interaction: 0.699 in men and 0.013 in women).

When comparing the fetal-exposed subgroup with the

other two subgroups combined, we observed positive addi-

tive interactions of fetal famine exposure with abdominal

obesity in the whole cohort and women, with all corres-

ponding RERI> 0 (Supplementary Table 2, available as

Supplementary data at IJE online).

We further analysed the relative risks for the joint catego-

ries of overweight/obesity and abdominal obesity with type 2

diabetes according to famine exposure, with the category of

both lower BMI and lower WHR as the reference (Table 4).

Compared with the reference group, participants with both

overweight/obesity and abdominal obesity had the higher

risks of developing type 2 diabetes in the fetal-exposed sub-

group than in the nonexposed and early-childhood exposed

subgroups (P¼ 0.047 for interaction with famine exposure);

the respective multivariable-adjusted HRs (95% CIs) were

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Nonexposed

Fetal

Early childhood

Nonexposed

Fetal

Early childhood

Nonexposed

Fetal

Early childhood

Proportion

BMI<24.0,WHR<0.90 (Male)/0.85 (Female)

BMI<24.0,WHR≥0.90 (Male)/0.85 (Female)

BMI≥24.0,WHR<0.90 (Male)/0.85 (Female)

BMI≥24.0,WHR≥0.90 (Male)/0.85 (Female)

Whole

Men

Women

Figure 1. Multivariable-adjusted proportion of joint categories of gen-

eral and abdominal obesity measures according to famine exposure in

early life among 88 830 participants. BMI indicates body mass index;

WHR, waist-to-hip ratio. Multivariable model was adjusted for age, sex,

study area, education, marital status, smoking, alcohol consumption,

physical activity, intakes of fruits, vegetables, red meat, white rice, and

wheat, and menopausal status (for women only), as appropriate.
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5.32 (3.81–7.43), 4.43 (3.45–5.68) and 3.13 (2.48–3.94) in

the whole cohort. The interaction between the joint catego-

ries of obesity and famine exposure was clearly observed in

women (P for interaction¼ 0.036), but not in men (P for

interaction¼ 0.923).

Discussion

In this large prospective cohort of over 88 000 adults born

around the time of the Chinese Great Famine, famine ex-

posure in the fetal stage was associated with an increased

risk of type 2 diabetes in adulthood. The association be-

tween adulthood abdominal obesity and type 2 diabetes

was stronger in participants with fetal exposure to famine

than in other groups. Compared with nonobese partici-

pants defined by both BMI and WHR, those with famine

exposure and with both general and abdominal obesity in

adulthood had more than four times higher risk of type 2

diabetes.

Previous Chinese studies have shown that early life ex-

posure to famine was associated with an increased risk of

type 2 diabetes in adulthood.11,21–26 Li et al. suggested that

most effects commonly attributed to the Chinese famine of

1959–61 could be explained by uncontrolled age differ-

ences between famine births and control births.27 When

they compared famine births with pre- and post-famine

births combined as a single control group to control for the

age effect in the meta-analysis, no famine effect was seen

for type 2 diabetes (OR¼ 0.96; 95% CI: 0.73–1.28). In the

present prospective study, we were less concerned with se-

lective survival bias, that previous cross-sectional studies

might suffer from, and corrected for the age imbalance by

combining pre- and post-famine births. We still observed

an increased risk of type 2 diabetes in fetal-exposed partici-

pants. In addition, the association between fetal famine

exposure and diabetes in adulthood did not change materi-

ally after adjustment for BMI and WHR, suggesting that

adult obesity might not be a mediator of the association.

Our findings, consistent with previous studies,10,11 indi-

cated that early famine exposure did not interact with gen-

eral obesity during adulthood to influence diabetes risk.

However, our study for the first time found that the experi-

ence of poor nutrition in prenatal life significantly exacer-

bated the effect of abdominal obesity on the risk of type 2

diabetes. Accumulating evidence suggests that maternal

undernutrition may result in permanent changes in the

Table 2. HRs (95% CIs) for incident type 2 diabetes according to famine exposure in early life among 88 830 participants

Nonexposed Famine exposure

Fetal Early childhood

Whole cohort

Cases 498 318 556

Case/PYs (1000) 1.78 2.34 2.45

Age-adjusted 1.00 1.20 (0.93–1.55) 0.91 (0.64–1.30)

Multivariable-adjusteda 1.00 1.19 (0.92–1.54) 0.90 (0.63–1.29)

Further adjusted for BMI and WHRb 1.00 1.21 (0.94–1.57) 0.95 (0.67–1.36)

Men

Cases 183 121 186

Case/PYs (1000) 1.74 2.31 2.06

Age-adjusted 1.00 1.25 (0.82–1.91) 0.77 (0.43–1.39)

Multivariable-adjusteda 1.00 1.26 (0.82–1.93) 0.81 (0.45–1.48)

Further adjusted for BMI and WHRb 1.00 1.27 (0.83–1.94) 0.83 (0.46–1.51)

Women

Cases 315 197 370

Case/PYs (1000) 1.80 2.36 2.72

Age-adjusted 1.00 1.16 (0.84–1.60) 0.96 (0.62–1.49)

Multivariable-adjusteda 1.00 1.14 (0.83–1.58) 0.93 (0.59–1.45)

Further adjusted for BMI and WHRb 1.00 1.15 (0.83–1.60) 0.98 (0.62–1.54)

PYs, person-years.
aMultivariable model was adjusted for age (years), sex (for whole cohort only), education (no formal school, primary school, middle school, high school, col-

lege, or university or higher), marital status (married, widowed, divorced or separated, or never married), smoking (never smoker, former smoker who quit for

reasons other than illness, current smoker or former smoker who quit because of illness: 1–14, 15–24 o �25 cigarettes/day), alcohol consumption (non-weekly

drinker, former weekly drinker, weekly drinker, daily drinker: <15, 15–29, 30–59 or �60 g/day), physical activity (MET-h/day), intakes of fruits, vegetables, red

meat, white rice and wheat (day/week; calculated by assigning participants to the midpoint of their consumption category), family history of diabetes (yes or no),

and menopausal status (premenopausal, perimenopausal or postmenopausal; for women only).
bFurther adjusted for BMI (<18.5, 18.5–23.9, 24.0–27.9 or �28.0) and WHR (men: <0.90, 0.90–0.94 or �0.95; women: <0.85, 0.85–0.89 or �0.90).
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function and mass of pancreatic b-cells and the sensitivity

of tissues to insulin.28 Abdominal obesity in adulthood has

been linked to insulin resistance through increased release

of free fatty acids and abnormal secretion of adipokines.12

As compared with Caucasians, Asians have relatively

higher prevalence of abdominal obesity, which may partly

account for the different risk of type 2 diabetes in these

populations.29 Our findings are in line with the thrifty

phenotype hypothesis that the emergence of pathological

changes following undernutrition in early life may be de-

pendent upon the superimposition of later life risk factors

such as abdominal obesity.6

In the present study, we found that the exacerbation by

exposure to famine in early life of the association between

abdominal obesity and type 2 diabetes was more apparent

in women than in men. Several possible mechanisms might

explain such gender difference. For example, male and fe-

male fetuses adapt differently to developmental challenges;

and sex steroids have a profound influence on the develop-

ment and progression of developmentally programmed

disease states.30 A study of Dutch famine-exposed partici-

pants indicated that an adverse prenatal environment trig-

gered persistent changes in DNA methylation and that

these changes differed by sex.31 In addition, visceral adi-

pose tissue has shown a stronger relation with the risk of

type 2 diabetes in adult women than in men, suggesting

that visceral fat accumulation may be particularly detri-

mental among women.32 Further studies are needed to

Table 3. Multivariable-adjusted HRs (95% CIs) for association between adult obesity measures and type 2 diabetes according to

famine exposure in early life among 88 830 participants

Cases Case/PYs (1000) Nonexposed Famine exposure Pinteraction

Fetal Early childhood

BMI at baseline,a kg/m2

Whole cohort

<24.0 431 1.23 1.00 1.00 1.00 0.225

24.0–27.9 605 2.68 1.78 (1.42–2.24) 1.83 (1.38–2.44) 1.57 (1.27–1.94)

�28.0 336 5.11 3.32 (2.53–4.38) 2.92 (2.06–4.14) 2.93 (2.26–3.81)

Men

<24.0 142 1.03 1.00 1.00 1.00 0.859

24.0–27.9 220 2.54 1.74 (1.16–2.61) 1.94 (1.18–3.18) 1.99 (1.34–2.94)

�28.0 128 5.47 3.94 (2.44–6.36) 3.49 (1.91–6.38) 4.26 (2.61–6.95)

Women

<24.0 289 1.36 1.00 1.00 1.00 0.077

24.0–27.9 385 2.77 1.84 (1.40–2.42) 1.79 (1.26–2.54) 1.40 (1.09–1.81)

�28.0 208 4.92 3.01 (2.14–4.24) 2.63 (1.70–4.05) 2.47 (1.81–3.38)

WHR at baselineb

Whole cohort

Men<0.90, women<0.85 351 1.18 1.00 1.00 1.00 0.025

Men 0.90–0.94, women 0.85–0.89 409 2.17 1.54 (1.20–1.99) 1.98 (1.43–2.74) 1.30 (1.03–1.65)

Men�0.95, women�0.90 612 3.88 2.41 (1.85–3.13) 3.03 (2.17–4.24) 1.85 (1.45–2.36)

Men

<0.90 110 0.98 1.00 1.00 1.00 0.699

0.90–0.94 140 1.89 1.47 (0.95–2.28) 1.77 (1.00–3.12) 1.54 (1.00–2.39)

�0.95 240 3.88 2.05 (1.29–3.25) 3.17 (1.80–5.60) 2.22 (1.41–3.47)

Women

<0.85 241 1.31 1.00 1.00 1.00 0.013

0.85–0.89 269 2.36 1.57 (1.15–2.15) 2.17 (1.45–3.23) 1.25 (0.94–1.65)

�0.90 372 3.88 2.73 (1.97–3.77) 3.05 (1.99–4.68) 1.74 (1.30–2.34)

PYs, person-years.

Multivariable model was adjusted for age (years), sex (for whole cohort only), education (no formal school, primary school, middle school, high school,

college, or university or higher), marital status (married, widowed, divorced or separated, or never married), smoking (never smoker, former smoker who quit for

reasons other than illness, current smoker or former smoker who quit because of illness: 1–14, 15–24 or �25 cigarettes/day), alcohol consumption (non-weekly

drinker, former weekly drinker, weekly drinker, daily drinker: <15, 15–29, 30–59 or �60 g/day), physical activity (MET-h/day), intakes of fruits, vegetables, red

meat, white rice and wheat (day/week; calculated by assigning participants to the midpoint of their consumption category), family history of diabetes (yes or no)

and menopausal status (premenopausal, perimenopausal or postmenopausal; for women only).
aAnalysis of BMI was further adjusted for WHR (men: <0.90, 0.90–0.94 or �0.95; women: <0.85, 0.85–0.89 or �0.90).
bAnalysis of WHR was further adjusted for BMI (<18.5, 18.5–23.9, 24.0–27.9 or �28.0).
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investigate the underlying mechanisms by which biological

sex contributes to the difference.

To the best of our knowledge, this study is the first to

jointly investigate the relations of early life exposure to

famine and adulthood obesity patterns with the risk of

type 2 diabetes. The strengths of this study include a large

sample size and careful control for potential confounding

factors. The inclusion of a geographically diverse popula-

tion living in urban and rural areas makes our results gen-

eralizable to the Chinese. The prospective design, with the

exclusion of prevalent cases of diabetes at baseline, could

prevent incidence-prevalence bias and minimize the possi-

bility of reverse causation for adiposity measures, lifestyle

covariates and diabetes. The anthropometric information

was measured rather than self-reported, providing more

accurate estimates of general and abdominal obesity.

Our study has several limitations. Individual data for

famine exposure were absent. The specific period and se-

verity of the Chinese Great Famine varied across regions.

Because of a lack of officially well-documented famine se-

verity across sub-provincial regions of China, we also did

not considered participants’ birthplace in the definition of

famine exposure. Misclassification of famine exposure was

inevitable, but should be nondifferential on subsequent

disease status and should have biased our results toward

the null. The definition of famine exposure in the present

study was consistent with previous studies, with the exclu-

sion of participants born in 1 year between three famine

exposure subgroups, to minimize potential misclassifica-

tion.11,16 Lack of information on exposures and medical

conditions in early life might lead to residual confounding.

In the present study, the questionnaire on lifestyle covari-

ates has not yet been validated directly. It was. however,

was adapted from validated questionnaires used in several

other studies, with some additional modifications after a

pilot study. Such measurement errors may also result in

residual confounding. In addition, the ascertainment of

incident diabetes in the CKB cohort relied mainly on the

health insurance system; and under-detection of asymp-

tomatic diabetes was likely to be non-differential and

might lead to attenuation of effect estimates.

In conclusion, we found that the coexistence of experi-

ence of poor nutrition in prenatal life and abdominal obes-

ity in adulthood was associated with a higher risk of type 2

diabetes. This finding may at least partly explain the

emerging epidemic of type 2 diabetes in the contemporary

Chinese adults, who experienced chronic undernutrition in

early life and are troubled with obesity, especially

Table 4. Multivariable-adjusted HRs (95% CIs) for joint association of general and abdominal obesity with risk of incident type 2

diabetes according to famine exposure in early life among 88 830 participants

Abdominal obesitya Overweight/ obesityb Cases Case/PYs (1000) Nonexposed Famine exposure Pinteraction

Fetal Early childhood

Whole cohort

No No 220 0.97 1.00 1.00 1.00 0.047

Yes 131 1.87 2.17 (1.51–3.11) 1.80 (1.10–2.95) 2.04 (1.47–2.85)

Yes No 211 1.69 1.91 (1.39–2.63) 2.19 (1.44–3.33) 1.64 (1.23–2.19)

Yes 810 3.66 4.43 (3.45–5.68) 5.32 (3.81–7.43) 3.13 (2.48–3.94)

Men

No No 81 0.90 1.00 1.00 1.00 0.923

Yes 29 1.33 1.61 (0.80–3.25) 1.51 (0.59–3.89) 1.97 (1.01–3.85)

Yes No 61 1.28 1.47 (0.85–2.56) 1.87 (0.93–3.77) 1.61 (0.95–2.74)

Yes 319 3.61 3.89 (2.58–5.85) 5.69 (3.32–9.74) 4.52 (3.03–6.73)

Women

No No 139 1.02 1.00 1.00 1.00 0.036

Yes 102 2.12 2.47 (1.61–3.79) 1.92 (1.07–3.46) 2.01 (1.37–2.96)

Yes No 150 1.95 2.22 (1.50–3.28) 2.45 (1.44–4.17) 1.69 (1.19–2.39)

Yes 491 3.69 4.82 (3.50–6.64) 5.32 (3.45–8.22) 2.67 (2.00–3.57)

PYs, person-years.

Multivariable model was adjusted for age (years), sex (for whole cohort only), education (no formal school, primary school, middle school, high school, col-

lege, or university or higher), marital status (married, widowed, divorced or separated, or never married), smoking (never smoker, former smoker who quit for

reasons other than illness, current smoker or former smoker who quit because of illness: 1–14, 15–24 or �25 cigarettes/day), alcohol consumption (non-weekly

drinker, former weekly drinker, weekly drinker, daily drinker: <15, 15–29, 30–59 or �60 g/day), physical activity (MET-h/day), intakes of fruits, vegetables, red

meat, white rice and wheat (day/week; calculated by assigning participants to the midpoint of their consumption category), family history of diabetes (yes or no),

and menopausal status (premenopausal, perimenopausal or postmenopausal; for women only).
aWHR: men�0.90, women� 0.85.
bBMI� 24.0 kg/m2.
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abdominal obesity, in later life. Our study lends support to

the preventive measures across the lifespan, from prenatal

to later life, to mitigate diabetes risk in Chinese.
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