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BACKGROUND: Previous studies reported that early-life exposure to undernutrition is associated with the risk of diabetes mel-
litus and metabolic syndrome in adulthood, but the association with risk of cardiovascular disease (CVD) later in life remains 
unclear. The current study aimed to investigate whether exposure to Chinese famine in early life is associated with risk of CVD.

METHODS AND RESULTS: We used data from REACTION (Risk Evaluation of Cancers in Chinese Diabetic Individuals: A 
Longitudinal) Study, which recruited a total of 259 657 community-dwelling adults aged 40 years or older from 25 centers 
across mainland China between 2011 and 2012. Compared with the nonexposed participants, those who had been exposed 
to famine in early life had a significantly increased risk of total CVD, myocardial infarction, stroke, and coronary heart disease. 
In the multivariable-adjusted logistic regression model, the odds ratios (95% CI) for total CVD, myocardial infarction, stroke, 
and coronary heart disease in fetal famine exposure were 1.35 (1.20–1.52), 1.59 (1.08–2.35), 1.40 (1.11–1.78), and 1.44 (1.26–
1.65), respectively; those odds ratios in childhood famine exposure were 1.59 (1.40–1.81), 2.20 (1.52–3.20), 1.82 (1.45–2.28), 
and 1.80 (1.56–2.09), respectively; and those in adolescent famine exposure were 1.52 (1.27–1.81), 2.07 (1.28–3.35), 1.92 
(1.42–2.58), and 1.83 (1.50–2.24), respectively. The main finding of our study is that, compared with those who lived in the less 
severely affected famine area, individuals in the severely affected famine area had significantly increased risk of total CVD in 
all 3 exposed groups.

CONCLUSIONS: Early-life exposure to undernutrition is associated with significantly increased risk of CVD in later life, especially 
among those who were in the severely affected famine area.
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In the past decades, cardiovascular disease (CVD) 
has surpassed infectious diseases to become the 
leading cause of death in China.1 Thus, investigation 

into the risk factors for CVD is imperative and essen-
tial for the improvement of human health. Obesity 
and lifestyle factors such as smoking, drinking, diet, 
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and lack of physical activity as well as metabolic syn-
drome (MetS)2 and diabetes mellitus are established 
risk factors for CVD.3 Experimental studies using ani-
mal models have provided evidence for an association 
of undernutrition exposure and metabolic disorders.4 
However, such experiments cannot be performed on 
humans. Accidentally, however, historical famine co-
horts have given us similar conditions to explore the 
influence of early-life undernutrition on common non-
communicable diseases in adulthood. The Chinese 
famine of 1959-1962 had a long duration, and most of 
the Chinese mainland was affected.5

Previous studies have indicated that severe mal-
nutrition exposure in early life may influence the risk 

of common noncommunicable diseases such as 
diabetes mellitus and MetS later in life.6-11 However, 
the association between early-life exposure to fam-
ine and risk of CVD later in life remains unclear. The 
study conducted by van Abeelen et  al found that 
stronger famine exposure was associated with higher 
coronary heart disease (CHD) risk and a lower risk 
of stroke in a Dutch famine cohort.12 Results from a 
cohort of the Chinese famine in 1959-1962 reported 
that early-life exposure to the Chinese famine exac-
erbated the association between hypertension and 
CVD.13 However, results from a cohort of the siege 
of Leningrad did not observe a direct effect of early-
life famine on the prevalence of CVD.14 Ekamper et al 
did not found a significant association between pre-
natal famine exposure and CVD risk.15 Nevertheless, 
the Chinese famine affected a much wider area and 
larger population than the Dutch famine or the siege 
of Leningrad, which provided us an opportunity to 
conduct a study with greater statistical power on this 
issue.

Accordingly, we took advantage of the large repre-
sentative sample of Chinese adults who participated 
in REACTION (Risk Evaluation of Cancers in Chinese 
Diabetic Individuals: A Longitudinal) Study to examine 
the association between early-life exposure to famine 
and the risk of CVD later in life among different areas 
of China. To our knowledge, this is the largest epide-
miological study ever done concerning this issue and 
covered the largest areas of China and the affected 
population.

METHODS
The data, analytic methods, and study materials will 
not be made available to other researchers for pur-
poses of reproducing the results or replicating the 
procedure because of ethical and data-protective leg-
islation. The REACTION study has a website (http://
www.rjh.com.cn/pages/neifenmike/REACTION).15 
The data can only be accessed by members of the 
REACTION group. It is our goal ultimately to share 
the REACTION study data; however, at this time, we 
are unable to do so.

Study Population
The REACTION study is a nationwide prospective 
observational study. The design and methods of the 
REACTION study have been described previously.16,17 
Briefly, a total of 259 657 community-dwelling adults, 
aged 40  years or older from 25 centers across 
mainland China were recruited to participate in the 
baseline survey during 2011 to 2012. Eligible study 
participants were identified according to the local 
residence registration records and aged 40 years or 

CLINICAL PERSPECTIVE

What Is New?
•	 This large population-based study found that 

undernutrition in early life is associated with in-
creased risk of developing total cardiovascular 
disease, myocardial infarction, stroke, and cor-
onary heart disease.

•	 These findings have important epidemiological 
and clinical implications.

•	 To our knowledge, this is the largest population-
based study ever done investigating the asso-
ciation between early-life famine exposure and 
cardiovascular disease risks in adulthood.

What Are the Clinical Implications?
•	 Early-life exposure to undernutrition might have 

significant effects on the risk of cardiovascular 
disease in the adulthood.

•	 Our findings highlight the importance of early-
life nutrition in the prevention of adult cardiovas-
cular diseases.
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older. There was no participation restriction on sex or 
ethnicity. Each eligible participant was approached 
by trained local community workers using a door-
to-door invitation method. Those who agreed to 
participate and signed their informed consent were 
scheduled for a personal interview and a clinic visit 
within a week after the recruitment. The clinic visit 
was performed at a local health station or community 
clinic in the participant’s residential area. The current 
study presented the baseline data. After exclusion of 
participants born before January 1, 1941 (n=25 438), 
a total of 234 219 participants remained in the cur-
rent analysis. The study was approved by the Medical 
Ethics Committee of Ruijin Hospital, Shanghai Jiao-
Tong University. Written informed consent was ob-
tained from all participants.

Participants were categorized into 4 groups: non-
exposed or exposed at a fetal stage, childhood, or ad-
olescence, according to birth date as shown in Figure 
S1.7,18-20 To control the confounding effect of age, we 
further conducted sensitivity analysis using finer age-
group categories.

Data Collection
All questionnaire data collection and anthropometric 
measurements were performed by trained staff ac-
cording to a standard protocol at local health stations 
or community clinics at each study center. Using a 
detailed questionnaire, we collected information on 
sociodemographic characteristics and lifestyle fac-
tors and medical histories through personal inter-
views. Educational levels were divided into high school 
or above versus less than high school. Participants 
were classified as never, former, or current smokers 
according to cigarette-smoking habits. The type and 
frequency of alcohol consumption were recorded. 
Information on intensity, duration, and frequency of 
physical activity was gathered using the short form of 
the International Physical Activity Questionnaire, and 
the metabolic equivalent time per week was used to 
estimate physical activities (1 metabolic equivalent 
hour per week represents the energy expenditure for 
an individual at rest). In the dietary section of the ques-
tionnaire, data were obtained regarding usual dietary 
intake over the past 12  months. The questionnaire 
was designed to capture information on frequency 
and quantity of major food items such as red meat, 
fruits and vegetables, dairy, and Chinese traditional 
food such as pickles and salty vegetables. The dietary 
questionnaire has previously been evaluated and vali-
dated in other cohort studies.21

Height and weight were measured to the near-
est 0.1  kg and 0.1  cm separately with participants 
wearing light-weight clothes and no shoes. Body 
mass index (BMI) was calculated by dividing weight 

(in kilograms) by weight (in meters) squared. Waist 
circumference was determined using the measuring 
tape positioned midway between the lowest rib and 
the superior border of the iliac crest as the patient 
exhaled normally. Blood pressure was the average 
of 3 measurements separated by 1-minute intervals 
after at least a 5-minute rest performed on the non-
dominant arm using an automated electronic device 
(Omron Model HEM-725 FUZZY; Omron Co, Dalian, 
China).

Biochemical Evaluation
A blood draw was administered in the morning 
after an overnight fast of at least 10  hours. Sera 
were aliquoted into 0.5-mL Eppendorf tubes within 
2  hours after blood collection and shipped in dry 
ice at −80°C to the central laboratory located at 
the Shanghai Institute of Endocrine and Metabolic 
Diseases, which is certified by the College of 
American Pathologists. Levels of serum creatinine, 
total cholesterol, low-density lipoprotein cholesterol, 
high-density lipoprotein cholesterol, and triglycerides 
were measured on an autoanalyzer (c16000 system, 
ARCHITECT ci16200 analyzer; Abbott Laboratories, 
Lake Bluff, IL) in the central laboratory. Fasting insu-
lin was measured with chemiluminescent immuno-
assay (i2000SR system, Architect ci16200 analyzer; 
Abbott Laboratories). The levels of glycated hemo-
globin were assayed by means of high-performance 
liquid chromatography method (Variant II and D-10 
Systems; Bio-Rad, Hercules, CA).

Definitions
With an interviewer-assisted questionnaire, we col-
lected information on CVDs. The question was open-
ended: “Has a doctor or other health professional 
ever told you that you have CHD, stroke, or myocar-
dial infarction (MI)?” We grouped CVDs (reported 
CHD, stroke, or MI) in the analysis. Validation of the 
self-reported CVD was performed in Shanghai Youyi 
Community, 1 of the 25 communities. Two physicians 
who were blinded to the self-reported data reviewed 
the medical records from the relevant hospitals and 
classified the cases as definite, questionable, or misdi-
agnosed. The validation rate of the self-reported CVD 
was 91.1%.22,23

The severity of the Chinese famine of the 1950s 
was regionally different. The excess death rate was 
calculated as the percentage change in mortality rate 
from the average level in 1956-1958 to the highest 
value over the period of 1959-1961.24 As described 
in previous studies,6,25 an excess mortality rate of 
100%24 was used as a threshold value to define the 
severely or less severely affected famine area in the 
current study.
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MetS was defined according to the National 
Cholesterol Education Program Adult Treatment 
Panel III criteria.26 Individuals with any 3 or more 
of the following conditions were defined as hav-
ing MetS: (1) systolic/diastolic blood pressure 
≥130/85  mm  Hg or taking antihypertensive drugs; 
(2) waist circumference ≥102 cm in men or ≥88 cm 
in women; (3) triglycerides ≥1.69  mmol/L; (4) high-
density lipoprotein cholesterol <1.03 mmol/L in men 
or <1.29 mmol/L in women; and/or (5) fasting blood 
glucose ≥5.6  mmol/L or taking glucose-lowering 
medications.26

Statistical Analysis
Data on the basic characteristics were presented 
as mean±SD or median (interquartile range) for 
continuous variables and proportion for categorical 
variables, respectively. Multivariable adjusted logistic 
regression analysis was used to evaluate the odds 
ratio and 95% CI of famine exposure in early life and 
risk of CVD as an adult. The multivariable model was 
adjusted for age and sex in model 1 and further ad-
justed for BMI, educational status (high school and 
above, yes/no), smoking and drinking status (never/
former/current), physical activity (moderate to vigor-
ous/none to mild), famine severity (severely affected 
famine area/less severely affected famine area), 
healthy diet (yes/no) in model 2. In model 3, MetS 
(yes/no) was further adjusted based on model 2. In 
sensitivity analysis we added other social economic 
factors such as area (rural/urban), economic status 
(high/low), marriage status (married/unmarried/co-
habitation/divorced/separated/widowed/other), oc-
cupation (worker/farmer/soldier/medical personnel/
self-employed/business person/government official/
housewife/retired/other) in the adjusted model. The 
economic status was assessed by the mean annual 
income in the year of our baseline survey (2010), 
which was treated as a dichotomous variable. The 
mean level of the current sample (41  890 Chinese 
yuan per individual per year) was used as a cutoff.27 
A 2-sided P<0.05 was considered statistically sig-
nificant. The P value for interaction was calculated 
by a likelihood ratio test comparing models with and 
without the interaction terms.

Because age is a significant risk factor for CVD and 
there is a significant difference in age distribution be-
tween the famine-exposed and nonexposed groups, 
we conducted several sensitivity tests to overcome 
the confounding effect of age. First, we evaluated the 
association of famine exposure severity with CVD risk 
within the same age groups using individuals from the 
less-affected area as the reference group. Second, we 
performed an analysis using the relatively older and 
younger age-group combination as the reference to 

test whether fetal and childhood exposure to famine 
truly affected the risk of CVD later in life, which neu-
tralized the age gap between the nonexposed group 
and the exposed groups in the main analysis. Third, we 
performed an analysis using finer classification of the 
exposure period to reduce the age differences among 
groups.

All statistical analyses were performed using SAS 
(version 9.4, SAS Institute Inc, Cary, NC).

RESULTS
At baseline, among the 234 219 middle-aged and el-
derly Chinese participants, a total of 12 561 (5.36%) 
participants had total CVD, including 884 (0.38%) 
with MI, 2913 (1.24%) with stroke, and 9606 (4.10%) 
with CHD. The mean age of the study population 
was 55.5±7.9 years, and 66.2% of participants were 
women. The basic characteristics of the included par-
ticipants are shown in Table  1. There are significant 
differences in age, sex, BMI, current smoking and 
drinking status, physical activity, educational status, 
blood pressure, and lipid profiles between groups (all 
P<0.05). The study population selection and classifi-
cation are presented in Figure S1.

Basically, compared with the nonexposed partici-
pants, those who were exposed fetally, in childhood, 
or as adolescents had significantly increased risk 
of prevalent total CVD, MI, stroke, and CHD. After 
adjustment for age and other important related con-
founders, the odds ratios (95% CIs) for total CVD, 
MI, stroke, and CHD following fetal famine exposure 
were, respectively, 1.35 (1.20–1.52), 1.59 (1.08–2.35), 
1.40 (1.11–1.78), and 1.44 (1.26–1.65); following child-
hood famine exposure, these were 1.59 (1.40–1.81), 
2.20 (1.52–3.20), 1.82 (1.45–2.28), and 1.80 (1.56–
2.09); and after adolescent famine exposure these 
were 1.52 (1.27–1.81), 2.07 (1.28–3.35), 1.92 (1.42–
2.58), and 1.83 (1.50–2.24), respectively (Table  2). 
Further adjustment for other socioeconomic factors 
such as area, marriage status, occupation, and eco-
nomic status did not significantly change the results 
(Table S1).

In our main analysis we performed comparisons 
within the same age groups between individuals 
from the less severely affected famine area and 
the severely affected famine area. In all 3 famine-
exposed groups, compared with those who lived in 
the less severely affected famine area, individuals in 
the severely affected famine area had significantly 
increased risk of total CVD (Figure  1). Moreover, 
the association was much greater in the childhood-
exposed group for the risk of having MI and stroke, 
and in the fetally exposed group for the risk of 
having CHD (Figure  1). After adjustment for other 
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socioeconomic factors, the results did not change 
significantly (Table S2). The sex stratification analysis 
is shown in Figure S2.

In the stratification analysis (Figure  2), the asso-
ciation was stronger in women, non–current smok-
ers, non–current drinkers, those who were without 

moderate to vigorous physical activity, and those who 
were without hypertension, dyslipidemia, MetS, or dia-
betes mellitus among all 3 groups. A healthy diet, BMI, 
educational status, and location in China did not show 
obvious differences. There exists significant interac-
tion of sex, BMI, physical activity, diabetes mellitus, 

Table 1.  Association Between Famine Exposure and Cardiovascular Disease Risk

All Participants 
(N=234 219)

Nonexposed 
(1963–1974) 
N=54 525

Fetal-Exposed 
Cohorts  

(1959–1962) 
N=29 387

Childhood-Exposed 
Cohorts  

(1949–1958) 
N=102 370

Adolescent-Exposed 
Cohorts  

(1941–1948) 
N=47 937 P Value

Age, y 44.78±2.82 50.67±1.42 57.56±2.92 66.24±2.40 <0.0001

Male, n (%) 17 514 (32.1) 8604 (29.3) 34 117 (33.3) 18 886 (39.4) <0.0001

BMI, kg/m2 24.41±3.61 24.67±3.49 24.74±3.58 24.82±3.62 <0.0001

Current smoker, n (%) 8416 (15.4) 4359 (14.8) 14 826 (14.5) 5927 (12.4) <0.0001

Current drinker, n (%) 5557 (10.2) 2834 (9.6) 10 103 (9.9) 4417 (9.2) <0.0001

Physical activity (moderate 
to vigorous), n (%)

5781 (10.6) 3514 (12.0) 13 428 (13.1) 6427 (13.4) <0.0001

Educational status (high 
school or above), n (%)

22 910 (42.0) 15 810 (53.8) 32 432 (31.7) 13 978 (29.2) <0.0001

SBP, mm Hg 124±18 128±19 133±20 140±21 <0.0001

DBP, mm Hg 77±12 79±11 79±11 78±11 <0.0001

TG, mmol/L 1.17 (0.83–1.75) 1.28 (0.91–1.89) 1.36 (0.97–1.96) 1.35 (0.98–1.92) <0.0001

HDL-C, mmol/L 1.32±0.35 1.35±0.36 1.34±0.36 1.32±0.36 0.01

LDL-C, mmol/L 2.64±0.80 2.88±0.85 2.95±0.87 2.91±0.88 <0.0001

TC, mmol/L 4.64±1.07 4.96±1.11 5.06±1.12 5.00±1.13 <0.0001

Data were shown as mean±SD or median (interquartile range). BMI indicates body mass index; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; and TG, triglycerides.

Table 2.  Odds Ratio (95% CI) for Cardiovascular Disease Risks According to Famine Exposure

All Participants 
(N=234 219)

Nonexposed 
(1963–1974) 
N=54 525

Fetal-Exposed Cohorts 
(1959–1962) 

N=29 387

Childhood-Exposed Cohorts 
(1949–1958) 
N=102 370

Adolescent-Exposed Cohorts 
(1941–1948) 
N=47 937

Total CVD, cases (%) 593 (1.09) 750 (2.55) 5836 (5.70) 5382 (11.23)

Model 1* 1.00 (ref.) 1.43 (1.27–1.60) 1.72 (1.52–1.95) 1.65 (1.39–1.97)

Model 2† 1.00 (ref.) 1.34 (1.20–1.51) 1.60 (1.41–1.82) 1.51 (1.26–1.80)

Model 3‡ 1.00 (ref.) 1.35 (1.20–1.52) 1.59 (1.40–1.81) 1.52 (1.27–1.81)

MI, cases (%) 55 (0.10) 62 (0.21) 442 (0.43) 325 (0.68)

Model 1* 1.00 (ref.) 1.66 (1.14–2.41) 2.31 (1.63–3.26) 2.26 (1.46–3.51)

Model 2† 1.00 (ref.) 1.65 (1.13–2.41) 2.23 (1.56–3.18) 2.13 (1.35–3.34)

Model 3‡ 1.00 (ref.) 1.59 (1.08–2.35) 2.20 (1.52–3.20) 2.07 (1.28–3.35)

Stroke, cases (%) 145 (0.27) 170 (0.58) 1335 (1.30) 1263 (2.63)

Model 1* 1.00 (ref.) 1.49 (1.19–1.88) 2.02 (1.63–2.51) 2.22 (1.68–2.95)

Model 2† 1.00 (ref.) 1.42 (1.12–1.79) 1.88 (1.50–2.36) 1.99 (1.47–2.68)

Model 3‡ 1.00 (ref.) 1.40 (1.11–1.78) 1.82 (1.45–2.28) 1.92 (1.42–2.58)

CHD, cases (%) 422 (0.77) 561 (1.91) 4452 (4.35) 4171 (8.70)

Model 1* 1.00 (ref.) 1.53 (1.34–1.75) 1.97 (1.71–2.27) 2.00 (1.65–2.44)

Model 2† 1.00 (ref.) 1.43 (1.25–1.64) 1.81 (1.57–2.09) 1.81 (1.48–2.20)

Model 3‡ 1.00 (ref.) 1.44 (1.26–1.65) 1.80 (1.56–2.09) 1.83 (1.50–2.24)

BMI indicates body mass index; CHD, coronary heart disease; CVD, cardiovascular disease; MI, myocardial infarction; and ref., defined as reference.
*Model 1 adjusted for age, sex.
†Model 2 further adjusted for BMI, educational status, smoking and drinking status, physical activity, famine severity, healthy diet (yes/no).
‡Model 3 further adjusted for metabolic syndrome (yes/no).
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hypertension, MetS, and location in China with famine 
exposure (all P for interaction<0.05).

When a finer classification of the exposure dura-
tion was made, the results remained similar (Figure 3). 
Individuals who were exposed to famine in late child-
hood (born in 1949-1951) were associated with the 
highest risk of total CVD and MI (Figure  3). The sex 
stratification analysis is shown in Figure S3. An age-
balance analysis using the relatively older and younger 
age group combination as the reference showed that 

childhood-exposed groups were significantly associ-
ated with an increased risk of total CVD, MI, stroke, 
and CHD (Table S3). A mediation analysis indicated 
that part of the impact of famine exposure on CVD is 
mediated via MetS (Figure S4).

DISCUSSION
This large population-based study found that early-
life exposure to undernutrition is associated with an 

Figure  1.  Comparison between less severely affected individuals and severely affected individuals for the risk of total 
cardiovascular disease, myocardial infarction, stroke, and coronary heart disease, respectively.
The classification was based on the famine exposure period and duration: fetal-exposed (A), childhood-exposed (B), and adolescent-
exposed (C). The model adjusted for age, sex, BMI, educational status, smoking and drinking status, physical activity, healthy diet 
(yes/no), and metabolic syndrome (yes/no). The black square represents the odds ratio of the risk estimation, and the bar represents 
its 95% CI. BMI indicates body mass index; CHD, coronary heart disease; CVD, cardiovascular disease; and MI, myocardial infarction.

Figure 2.  Stratification analysis of famine exposure and risk of CVD according to basic factors including age, sex, smoking 
and drinking status, physical activity, diet status, educational status, diabetes mellitus (no/yes), hypertension (no/yes), 
dyslipidemia (no/yes), metabolic syndrome (no/yes), and north/south of China in fetal-exposed (A), childhood-exposed (B), 
and adolescent-exposed (C) groups, respectively.
Different colors are used to distinguish the stratification factors. The model is adjusted for age, sex, BMI, educational status, smoking 
and drinking status, physical activity, famine severity, healthy diet (yes/no), and metabolic syndrome (yes/no). The square in the 
middle represents the odds ratio of the risk estimation, and the bar represents its 95% CI. BMI indicates body mass index; CVD, 
cardiovascular disease; OR, odds ratio.
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increased risk of total CVD, MI, stroke, and CHD, and 
this association might be partly mediated via MetS. 
To our knowledge, this is the largest population-
based study ever done to investigate the associa-
tion between early-life famine exposures and CVD 
risks later in life among a Chinese population. These 
findings have important epidemiological and clinical 
implications.

The hypothesis that early-life (preadult) factors 
may have a role in the pathophysiology of met-
abolic diseases in adulthood has attracted sub-
stantial research interest, particularly in the past 2 
decades.7,25,28-30 However, data on the association 
between early-life famine exposure with CVD risks 
remain limited and inconclusive.12-15,31,32 A study on 
the Dutch famine with a total of 736 participants 

found that the prevalence of CHD was higher in 
those exposed in early gestation than in nonexposed 
people.31 Another study of 7845 women in the Dutch 
famine found that severe exposure to famine was 
significantly associated with increased risk of CHD 
but that the association was attenuated after adjust-
ment for confounders.12 Two other studies on the 
Dutch famine did not find significant associations of 
famine exposure with coronary artery disease risk, 
Framingham risk,32 or subsequent mortality from 
CVD.15 A retrospective study conducted among the 
survivors of the Leningrad siege with a small sample 
size (n=356) found no significant differences in the 
prevalence of cardiovascular diseases between the 
survivors and their age- and sex-matched controls.14 
In a Chinese population, Shi et al previously reported 

Figure  3.  Finer classification according to famine exposure duration in the estimation of risk for total cardiovascular 
disease (A), myocardial infarction (B), stroke (C), and coronary heart disease (D), respectively.
Finer classification of the exposure duration including 8 groups: (1) born between January 1, 1959 and December 31, 1962, fetal 
exposed (n=29 387); (2) born between January 1, 1955 and December 31, 1958, childhood exposed (n=41 929); (3) born between 
January 1, 1952 and December 31, 1954, childhood exposed (n=32 994); (4) born between January 1, 1949 and December 31, 1951, 
childhood exposed (n=27 447); (5) born between January 1, 1947 and December 31, 1948, adolescent exposed (n=15 198); (6) born 
between January 1, 1944 and December 31, 1946, adolescent exposed (n=18 040); (7) born between January 1, 1941 and December 
31, 1943, adolescent exposed (n=14 699); (8) born between January 1, 1963 and December 31, 1966, nonexposed (n=29 738). The 
model adjusted for age, sex, BMI, educational status, smoking and drinking status, physical activity, famine severity, healthy diet (yes/
no), and metabolic syndrome (yes/no). The black square represents the odds ratio of the risk estimation, and the bar represents its 
95% CI. BMI indicates body mass index; CVD, cardiovascular disease.
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that early-life exposure to the Chinese famine exac-
erbated the association between hypertension and 
CVD.13 In the current nationwide epidemiology study 
we provided evidence supporting the association be-
tween early-life famine exposure and CVD risk in later 
life. It is worth mentioning that the negative findings 
from the above studies might partly be explained 
by their relatively small sample sizes and the limited 
numbers of events.

More importantly, our findings suggest that the as-
sociation between early-life famine exposure and CVD 
risk in later life might be mediated via MetS. Both type 
2 diabetes mellitus and MetS are important risk factors 
for CVD, and, in turn, CVD is the main macrovascular 
complication of diabetes mellitus.33,34 Early-life expo-
sure to famine has been shown to be related to the 
risk of diabetes mellitus7-9,19 and MetS6,20,25,29 in epide-
miological studies. As shown in previous studies, the 
severe malnutrition exposure in early life could perma-
nently alter the structure and/or function of the heart,  
which could elevate the risks of MetS as well as CVD.35 
In a Dutch study researchers found that early-life mal-
nutrition might cause less physical activity and more 
intake of fat, which could lead to elevated total choles-
terol and triglyceride levels.36 The elevated atherogenic 
lipid profiles might increase the risk of CVD in later life.

The mechanism linking early-life exposure and CVD 
risks is not well understood. Experimental studies have 
shown that extreme maternal dietary restriction results 
in a reduced life expectancy37 and a higher prevalence 
of hypertension,38 obesity39 and diabetes mellitus38 in 
the offspring. It has been proposed that early-life mal-
nutrition because of famine causes epigenetic changes 
that persist throughout life, which lead to the structural 
changes in the cardiovascular system.35 This hypoth-
esis is supported by the report that the survivors of 
severe acute malnutrition in childhood had smaller left 
ventricular outflow tract diameter, stroke volume, and 
cardiac output.40 Moreover, findings from the Dutch 
famine study demonstrate that exposure to famine in 
early life increased the preference for fatty food and 
the prevalence of dyslipidemia,41 which in turn could 
promote the development of CVD.3 In the current study 
we observed that the influence of early-life undernu-
trition is unlikely to be compensated by healthy life-
style factors during adulthood. Among those following 
a healthy lifestyle, including healthy diet, no smoking 
or drinking, higher levels of education, and normal 
weight, early-life famine exposure still imposes an in-
creased risk of CVD. These findings are similar to those 
of earlier studies13, and they highlight the importance 
of early-life nutrition in the prevention of adult chronic 
diseases. In other respects the clustering of multimor-
bidity may also be different across famine-exposure 
groups. In the current study we found that the preva-
lence of obesity, hypertension, diabetes mellitus, and 

dyslipidemia were higher in the exposed group. Just as 
an early life exposed to the Chinese famine was asso-
ciated with diabetes mellitus and obesity, and we also 
found that part of the famine effect on CVD is mediated 
via MetS, the increased risk of CVD among those ex-
posed to famine may be because of the clustering of 
multimorbidity. However, in stratified analysis, early-life 
exposure to famine is associated with increased risk 
of CVD both in individuals with or without metabolic 
syndrome. The relationship between famine and CVD 
might not be fully explained through the MetS pathway 
alone.

What needs to be mentioned is the sex difference 
in the current study. In the stratified analysis we ob-
served sex differences in the association of famine 
exposure and risk of having CVD. The association 
was more prominent among women in all 3 exposure 
groups. As suggested by a previous study, a male-
sex–preference culture in China may have masked the 
true health impact of a famine on men42; thus, more 
significant long-term effects of famines and other ad-
versities on women than on men are often observed in 
such research. Moreover, the son-preference culture 
may lead to a better educational level and health out-
come for men.42 In our study the proportion of hav-
ing high-school level and above educational status 
was significantly higher in men compared with women 
(41.12% versus 33.91%, P<0.0001). On the other hand, 
women may be more adaptable to famine than men. It 
has been shown that famine exposure was related to a 
lower sex ratio leading to more female babies.43 Thus, 
the increased survival of women may predispose them 
to CVD risk in adulthood.

Aging has been proposed as an important risk fac-
tor for CVD.44 The exposure groups in the famine cohort 
were classified according to the birth date of the par-
ticipants, which cannot avoid the difference in age and 
might add potential confounding in the evaluation.28 To 
control the confounding effect of age on the association 
between famine exposure and risk of CVD, we performed 
several analyses to address this issue. The results were 
encouraging, and after adjustment for age, the associa-
tion was not attenuated. Furthermore, we calculated the 
influence of famine exposure severity on the risk of CVD, 
MI, stroke, and CHD within the same exposure (age) 
groups, respectively. The results indicated that severe 
exposure to famine in early life is associated with sig-
nificantly increased risk of CVD in adulthood compared 
with those who were less exposed. Even the finer clas-
sification of the age groups showed similar results. The 
results indicated that the effect of famine exposure on 
total CVD risk is more prominent among childhood- and 
adolescent-exposure groups compared with those fe-
tally exposed. The effect for total CVD, stroke, and CHD 
in late-childhood–exposed and adolescent-exposed 
groups was not obviously different, but for MI, the 
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highest effect was observed in the childhood-exposed 
group. In a previous study focusing on the Chinese fam-
ine, the childhood and adolescent exposure to famine 
was also associated with a higher risk of diabetes melli-
tus compared with fetally exposed individuals, especially 
in women.19 Given the son-preference culture in China, 
when children were exposed to famine, the average wel-
fare of the surviving girls is much worse than that of boys 
during childhood. Thus, the consequence of preferring 
sons to daughters may worsen women’s health out-
comes including those involving glucose and lipid me-
tabolism in later life,42 which lead to a higher risk of having 
CVD in adulthood. However, the exact mechanism be-
hind these phenomena needs further investigation.

The major strength of the present study is the 
large, well-characterized number of cohorts, which 
guaranteed a large number of cardiovascular disease 
cases and limited the sampling bias. Importantly, we 
performed a comparison between participants in the 
less severely affected famine area and the severely 
affected famine area within the same age group, 
which provided much more convincing results in dis-
closing the effect of famine exposure on CVD risk. In 
addition, we collected detailed lifestyle risk factors 
and biochemical tests for the confounding adjust-
ment and stratified analysis. There are several lim-
itations that should be acknowledged in the current 
study. First, using the birth date of participants to de-
fine exposure to famine might have led to a misclas-
sification bias because the Chinese famine did not 
have a definitive beginning and ending time, which 
prevented us from precisely classifying the partic-
ipants by their exposure period. Second, we used 
the excess death rate of the locations as an index to 
distinguish the severity of the famine exposure. With 
this method, other death-related factors such as bad 
weather, infection, and natural causes that could also 
increase the rate of premature death were not fully 
considered. Third, there existed inevitable age dif-
ferences among the exposure groups, which could 
have influenced the risk estimation for CVD. However, 
results from several sensitivity tests do not support 
the perception that the observed association of fam-
ine exposure with increased risk of CVD was due to 
age alone. Fourth, the cardiovascular diseases in this 
study were self-reported, which leads to an inevita-
ble recall bias. Fifth, we did not collect enough data 
on birth weight in the current study, and birth weight 
was reported to be associated with the relationship 
between famine exposure and risk of CVD later in 
life. Thus, we could not fully exclude the influence of 
birth weight on the association. Sixth, because of the 
cross-sectional design of the study, we were not able 
to detect the association between famine exposure 
and incidence of CVD and its related mortality. Last 
but not the least, in the current study, we did not 

have data on the situation of lifestyle factors such as 
physical activity in the early life of the participants, 
which might have influenced the development of the 
heart. Further studies are needed to disclose the 
exact mechanisms behind the association.

CONCLUSIONS
In conclusion, early-life exposure to famine significantly 
increased the risk of CVD in adulthood. This associa-
tion might be partly mediated via MetS. The potential 
mechanisms behind these associations need to be 
elucidated in future studies.
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Supplemental Material



Table S1. Odds ratio (95% confidence interval) for Cardiovascular Diseases risks according to famine 

exposure. 

All participants 

(N=234219) 

Non-exposed 

(1963-1974) 

N=54525 

Fetal-exposed 

(1959-1962) 

N=29387 

Childhood-exposed 

(1949-1958) 

N=102370 

Adolescent-exposed 

(1941-1948) 

N=47937 

Total CVD [Case (%)] 593(1.09) 750(2.55) 5836(5.70) 5382(11.23) 

Model 1 * 1.00 (ref.) 1.34 (1.19-1.50) 1.57 (1.38-1.78) 1.49 (1.25-1.78) 

Model 2 † 1.00 (ref.) 1.35 (1.20-1.52) 1.60 (1.41-1.82) 1.55 (1.30-1.86) 

Model 3 ＃ 1.00 (ref.) 1.16 (1.02-1.30) 1.23 (1.07-1.41) 1.15 (0.96-1.39) 

MI [Case (%)] 55(0.10) 62(0.21) 442(0.43) 325(0.68) 

Model 1 * 1.00 (ref.) 1.57 (1.06-2.32) 2.14 (1.47-3.12) 1.97 (1.20-3.23) 

Model 2 † 1.00 (ref.) 1.51 (1.01-2.24) 2.00 (1.36-2.93) 1.85 (1.12-3.07) 

Model 3 ＃ 1.00 (ref.) 1.36 (0.91-2.05) 1.65 (1.05-2.59) 1.42 (0.78-2.61) 

Stroke [Case (%)] 145(0.27) 170(0.58) 1335(1.30) 1263(2.63) 

Model 1 * 1.00 (ref.) 1.34 (1.06-1.70) 1.66 (1.33-2.08) 1.68 (1.25-2.25) 

Model 2 † 1.00 (ref.) 1.37 (1.08-1.73) 1.72 (1.37-2.17) 1.80 (1.34-2.43) 

Model 3 ＃ 1.00 (ref.) 1.11 (0.87-1.41) 1.17 (0.91-1.50) 1.07 (0.77-1.49) 

CHD [Case (%)] 422(0.77) 561(1.91) 4452(4.35) 4171(8.70) 

Model 1 * 1.00 (ref.) 1.42 (1.24-1.63) 1.77 (1.53-2.05) 1.79 (1.47-2.19) 

Model 2 † 1.00 (ref.) 1.45 (1.27-1.67) 1.84 (1.59-2.14) 1.91 (1.56-2.34) 

Model 3 ＃ 1.00 (ref.) 1.22 (1.06-1.41) 1.36 (1.17-1.59) 1.34 (1.09-1.65) 

* Model 1 adjusted for age, sex, BMI, education status, smoking and drinking status, physical activity, famine severity,

healthy diet (yes/no), components of metabolic syndrome (hypertension/central obesity/elevated TG/decreased HDL-

c/hyperglycemia); 

† Model 2 adjusted for age, sex, BMI, education status, smoking and drinking status, physical activity, famine severity, 

healthy diet (yes/no), metabolic syndrome (yes/no), area (rural/urban), economic status (high/low), marriage status 

(married/unmarried/cohabitation/divorced/separated/widowed/other), occupation (worker/farmer/soldier/cadre/medical/ 

self-employed/businessman/government officials/housewife/retired/other); 
＃

Model 3 adjusted for natural logarithm-transformed age, sex, BMI, education status, smoking and drinking status, 

physical activity, famine severity, healthy diet (yes/no), and metabolic syndrome. 

CVD: cardiovascular disease; MI: myocardial infarction; CHD: coronary heart disease. 

Significant results in bold. 



Table S2. Odds ratio (95% confidence interval) for Cardiovascular Diseases risks according to 

famine severity. 

All participants 

(N=234219) 

Fetal-exposed 

(1959-1962) 

N=29387 

Childhood-exposed 

(1949-1958) 

N=102370 

Adolescent-exposed 

(1941-1948) 

N=47937 

Total CVD 

Less severely affected 

famine area 
1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 

Severely affected famine 

area 
1.84 (1.52-2.22) 1.87 (1.75-2.00) 1.69 (1.57-1.82) 

MI 

Less severely affected 

famine area 
1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 

Severely affected famine 

area 
1.28 (0.63-2.58) 1.68 (1.32-2.14) 1.53 (1.16-2.01) 

Stroke 

Less severely affected 

famine area 
1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 

Severely affected famine 

area 
1.48 (1.01-2.17) 1.64 (1.43-1.88) 1.34 (1.16-1.56) 

CHD 

Less severely affected 

famine area 
1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 

Severely affected famine 

area 
2.06 (1.65-2.56) 2.00 (1.85-2.15) 1.75 (1.61-1.90) 

Adjusted for age, sex, BMI, education status, smoking and drinking status, physical activity, famine 

severity, healthy diet (yes/no), metabolic syndrome, area (rural/urban), economic status (high/low), 

marriage status (married/unmarried/cohabitation/divorced/separated/widowed/other), occupation 

(worker/farmer/soldier/cadre/medical/self-employed/businessman/government 

officials/housewife/retired/ other);. 

CVD: cardiovascular disease; MI: myocardial infarction; CHD: coronary heart disease. Significant 

results in bold. 



Table S3. Odds ratio (95% confidence interval) for Cardiovascular Diseases risks using the 

younger and older exposure groups as reference. 

Non-exposed 

(1963-1966) 

+ Adolescent-exposed

(1945-1948) 

Fetal-exposed 

(1959-1962) 

Childhood-exposed 

(1955-1958) 

Total CVD 

Model 1 1.00 (ref) 1.17 (1.07-1.28) 1.23 (1.18-1.28) 

Model 2 1.00 (ref) 1.14 (1.04-1.25) 1.20 (1.15-1.26) 

MI 

Model 1 1.00 (ref) 1.08 (0.81-1.44) 1.29 (1.12-1.49) 

Model 2 1.00 (ref) 1.10 (0.81-1.48) 1.32 (1.14-1.53) 

Stroke 

Model 1 1.00 (ref) 1.05 (0.87-1.25) 1.17 (1.07-1.27) 

Model 2 1.00 (ref) 1.05 (0.87-1.27) 1.16 (1.07-1.27) 

CHD 

Model 1 1.00 (ref) 1.15 (1.04-1.28) 1.23 (1.17-1.29) 

Model 2 1.00 (ref) 1.13 (1.01-1.25) 1.20 (1.14-1.26) 

Model 1 adjusted for age and sex; Model 2 was further adjusted for BMI, education status, smoking and 

drinking status, physical activity, famine severity, healthy diet (yes/no), metabolic syndrome (yes/no). 

Significant results in bold. 



Figure S1. Study population selection and classification.



Figure S2. Famine severity and risk of CVD among men (a, b, c) and women (d, e, f).
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 Figure S3.  Finer classification according to famine exposure duration in the estimation of risk for CVD in men (a, b, c, d) and women (e, f, g, h). 






