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Abstract
Background: Patients with metabolic syndrome (MS) have a higher incidence of cardiovascular disease (CVD), but
the possible mechanisms are not fully understood and further exploration of the possible factors influencing the high
incidence of CVD in patients with MS is still needed.
Objectives: This study aims to examine the association between fetal famine exposure and the risk of CVD in adulthood with MS.
Methods: Of 13,744 MS patients free of CVD selected from the Kailuan Study in 2006 (referred as the baseline survey)
were included in the study. China suffered a severe famine from 1959 to 1962, so the participants born during this
period were classified as the uterine famine exposed group. All patients were born between January 1, 1949, and
December 31, 1974. Based on the date of birth, all patients were divided into the no-exposed group (born between
January 1, 1963, and December 31, 1974), uterine famine exposed group (born between January 1, 1959 and December 31, 1962), and childhood famine exposed group (born between January 1, 1949 and December 31, 1958). After
following up to December 31, 2019, the weighted Cox regression analysis model was used to calculate the effect of
early life famine exposure in MS individuals on the risk of CVD in adulthood.
Results: During the 12.12 years of follow-up, the incidence of CVD was 5.87%, 10.13%, and 10.90% in the no-exposed
group, uterine famine exposed group, and childhood famine exposed group, respectively. Compared with participants in the no-exposed group, the CVD risk and stroke risk increased in participants in the uterine famine exposed
group (for CVD, HR: 1.32, 95% CI 1.04–1.67; for stroke, HR:1.37, 95% CI 1.05–1.79), but not in childhood famine exposed
group. However, the increased CVD risks were only observed in females or smokers. No increased MI risks were
observed for participants in the uterine famine exposed group or childhood famine exposed group.
Conclusions: Our findings suggested that exposure to famine during uterine life might increase the risk of CVD in
adulthood in participants with MS.
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Introduction
In recent years, the prevalence of metabolic syndrome
(MS) has gradually risen [1]. In Chinese adults, the prevalence of MS has increased from 9.5% in 2002 to 18.7%
in 2010–2012 [2], with 450 million patients. According to
an estimate by the International Diabetes Federation, the
worldwide prevalence of MS in adults is on the rise with
an estimated prevalence of 20–25% [3]. As is well known,
MS could increase the risk of chronic disease, including
cardiovascular disease (CVD). Previous studies showed
that MS is associated with a twofold increase in CVD [4],
and showed that MS increases the risk of CVD over an
average of 11 year [5]. Although previous studies [6–9]
have suggested that hypertension, hyperglycemia, smoking and physical inactivity might attribute to the high
incidence of CVD in MS patients, the etiology was still
unclear, and possible influencing factors still need to be
explored, which should be helpful in reducing the disease
burden of CVD in patients with MS.
"Developmental origins of health and disease" hypothesis suggested that exposure to malnutrition during early
life would affect the health in adulthood [10, 11]. Some
studies have confirmed that exposure to famine in the
uterine period might increase the risk of MS [12], cerebral hemorrhage [13], diabetes [14], hypertension [15],
cerebral infarction [16] and other diseases in adulthood,
but few studies have examined whether famine exposure
affects CVD risk in MS patients.
The Great Famine in China (1959–1962) was one of
the largest famines in human history, resulting in insufficient nutritional supply for a large number of people
exposed to the famine environment. Our study is based
on the Kailuan Study, a large-scale, individual-based longitudinal cohort study with a decade-long follow-up. The
expected results of this study will help to examine the
association between exposure to the Great Chinese Famine in early life and the risk of CVD in adults in individuals with MS.
Methods
Study participants

The Kailuan Study (accession number: ChiCTRTNC-11001489) was a functional community individualbased cohort study in Tangshan, China, and the specific
study design and procedures can be found in the team’s
previous studies [17, 18]. The Kailuan Study began in
2006 and included 101,510 adults (81,110 males and
20,400 females) aged 18 years or older, all of them completed standard questionnaires (medical history and

lifestyle) between 2006 and 2007, underwent health
assessments every two years, including physical examinations (waist circumference (WC), weight, height, and
blood pressure measurements) and laboratory tests [lipid
assessments, fasting blood glucose (FBG), and serum creatinine (SCr)].
According to the International Diabetes Federation
global working definition of MS [19], 14,241 MS patients
who born between January 1, 1949, and December
31, 1974, were included. Individuals with missing data
(n = 69) on WC, high density cholesterol (HDL), triglycerides, diastolic blood pressure (DBP), systolic blood
pressure (SBP), fasting blood glucose (FBG), or those
with CVD (n = 428) at the baseline survey in 2006 were
excluded [16].
Finally, 13,744 participants were served as the baseline
cohort.
Famine exposure

Since famine in China occurred concentratedly from
1959 to 1962, the period of famine exposed was classified by birth information. Based on the previous Chinese famine research [20], birth year was taken as the
basis for classification of famine exposure, all participants were divided into three groups: no-exposed group
(born between January 1, 1963 and December 31, 1974),
uterine famine exposed group (born between January 1,
1959 and December 31, 1962), childhood famine exposed
group (born between January 1, 1949 and December 31,
1958).
MS definition

MS was defined following the IDF Global Working Definition (IDF criteria) with the following criteria [19]: the
presence of central obesity (waist circumference ≥ 90 cm
for males or ≥ 80 cm for females), plus any two of following factors: (i) raised triglyceride level: ≥ 1.7 mmol/L
(150 mg/dl) or taking triglyceride-lowering medications; (ii) reduced HDL cholesterol: < 1.03 mmol/L for
males or < 1.29 mmol/L for females, or on lipid-lowering
medications; (iii) hypertension: SBP ≥ 130 mmHg, or
DBP ≥ 85 mmHg, or taking antihypertensive medications; and (iv) raised FBG: ≥ 100 mg/dL, or individuals
who have been diagnosed with type 2 diabetes.
Follow‑up and CVD

The starting point was defined as the date of completion
of the 2006 annual baseline questionnaire and individuals were followed up until December 31, 2019. During
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follow-up, CVD incidence was assessed annually, and
biochemical markers were collected every two years. The
outcome event for the study was the first occurrence of
a major CVD, which was defined as the composite of
stroke and myocardial infarction (MI) [21, 22]. The Hospital Discharge Register and Municipal Social Insurance
Institution database were linked to identify the incidence
of CVD based on The International Statistical Classification of Diseases and Related Health Problems 10th Revision (ICD-10) (I61 for intracerebral hemorrhagic stroke,
I63 for ischemic stroke, and I21 for MI) [21, 23]. These
two databases were updated annually based on follow-up
and cover information on all participants in the Kailuan
Study. An expert panel collected and reviewed annual
discharges records from 11 local hospitals to identify
patients who were suspected of CVD.
Incident MI was diagnosed based on the World Health
Organization’s Multinational Monitoring of Trends and
Determinants in Cardiovascular Disease (MONICA) criteria on basis of clinical symptoms and dynamic changes
in clinical presentation, cardiac enzymes and electrocardiogram. Incident stroke diagnosed was according to
neurological signs, clinical symptoms, and neuroimaging (from CT or MRI) on the basis of the World Health
Organization’s criteria. Death data were collected from
provincial vital statistics offices, as described in previous
studies [24].
Covariates evaluation and measurement

The questionnaire design, anthropometry, and laboratory data testing were the same as the literature published by our research group [18]. The data collected by
the research include birth, gender, smoking, drinking,
physical activity, education, history of disease and history
of medications using. During the survey, professionally
trained medical staff completed the physical examination,
including the measurement of their height, weight, waist
circumference and blood pressure. Height and waist circumference were measured to the nearest 0.1 cm using
the disposable tape measure. Weight was determined by
using the calibrated portable digital weighing scale with
0.1 kg precision.
To ensure the reliability of the biochemical measurement results, a venous blood sample was obtained from
all subjects who fasted for at least 8 h before the measurement, and 5 ml of fasting elbow venous blood was
collected between 7 and 9 AM on the day of the physical examination, and the blood sample was centrifuged to
obtain the upper serum for FBG values and lipid levels.
All operations were performed strictly by the manufacturer’s instructions, and blood samples were tested on a
Hitachi (7600) automated biochemistry analyzer.
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Age was calculated by subtracting the birthday from
the beginning date of medical examination. Height and
weight were measured to calculate body mass index
(BMI) as weight (kg)/height2 (m2). Drinking was defined
as more than 50 g of alcohol intake per day for male or
more than 15 g per day for female. Smoking was defined
as smoking an average of at least one cigarette per day
for more than in the past year. Education was stratified
into two levels: junior high school or below, or senior
high school or above. Physical activity was defined as
exercise ≥ 4 times per week, with the duration of each
exercise at least 20 min, and was classified as current,
never/former. Hypertension was defined as SBP over
140 mmHg or a DBP over 90 mmHg, or the fact that the
patient was taking antihypertensive medications. Diabetes was defined as FBG ≥ 7.0 mmol/L, or the fact that the
patient was taking hypoglycemic medications.
Statistical analysis of data

All data processing and analyses were performed using
SAS version 9.4 (SAS Institute, Cary, North Carolina),
and R software version 3.6.0 (R Core Team, Vienna, Austria). The database was established through EpiData 3.1,
entered by uniformly trained medical staff, and uploaded
to the Oracle database of Kailuan General Hospital. All
statistical tests were 2-sided, and P < 0.05 was considered
statistically significant.
The normal or approximate normal distribution of the
continuous variables was represented by χ ± s, the comparison between groups using analysis of variance, the
skewed distribution was represented by M ( P25, P75), and
the intergroup comparison was used the Kruskal–Wallis test. The percentages described were used categorical
variables and compared by Pearson’s chi-square tests.
Person-years of follow-up were calculated from the
return date of the baseline questionnaire to the date of
CVD diagnosis, death, loss to follow-up (n = 800, 5.82%),
or end of follow-up (December 31, 2019) whichever
occurred first. The incidence density of CVD in different
groups in the MS individuals was calculated by dividing
the number of events by the total number of follow-up
person-years (1000/person-year), using the Log-rank test
for comparison among groups. We used the weighted
Cox regression model to analyze the effect of early life
famine exposed in the MS individuals on the risk of
CVD in adulthood, and the HR (Hazard Ratio) and 95%
CI (confidence interval) was calculated [25]. The model
adjusted for age, gender, education, smoking, drinking, physical activity, BMI, history of diabetes, history of
hypertension, low-density lipoprotein cholesterol, using
antihypertensive medications, using antidiabetic medications, and using lipid-lowering medications.
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Taking CVD as the dependent variable, and famine
exposure as the independent variable, a stratified analysis was carried out by gender, smoking, and drinking. To
verify the robustness of the results, a sensitivity analysis was performed after removing the individuals who
had CVD incidents within two years or lost-to-review
individuals.

Results
A total of 13,744 participants (10,254 males and 3,490
females) were enrolled in the current study, 1,777 participants had been exposed to the Chinese famine during
utero stage, while 8848 participants had been exposed to
the famine during childhood stage, respectively. There
were significant differences among the three groups in
terms of age, gender, BMI, FBG, SBP, DBP, WC, smoking,
physical activity, hypertension, diabetes, using antihypertensive medication, and using antihyperglycemic medications (P < 0.001). Compared to the reference group,
participants in the uterine famine exposed group were
more likely to be female, had diabetes, hypertension, with
greater WC, and higher prevalence of using antihypertensive medications and using antihyperglycemic medications (Table 1).
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During a mean follow-up of 12.12 years, the cumulative incidences of CVD in uterine famine exposed
group (10.13%) and the childhood famine exposed
group (10.90%) were greater than that in no-exposed
group (5.87%) (P < 0.05, Fig. 1). The incidence density
of CVD was 4.70/1000, 8.32/1000, and 9.09/1000 person-years in the no-exposed group, the uterine famine exposed group, and the childhood famine exposed
group, respectively (Table 2). In Table 2 HR for CVD
in the uterine famine exposed group in model 1 is 1.41
(1.11–1.78), and in model it is 1.32 (1.04–1.67)—which
gives a still significant result, so it could be concluded
that the relationship with CVD incidence in the uterine
famine exposed group was independent of all covariates included in the last model. In Table 2 HR for stroke
in the uterine famine exposed group in model 1 is 1.47
(1.31–1.92), and in model it is 1.37 (1.05–1.79)—which
gives a still significant result, so it could be concluded
that the relationship with stroke incidence in the uterine famine exposed group was independent of all
covariates included in the last model. However, we did
not find same association show in MI. In the sensitive
analysis, similar results were observed after removing

Table 1 Basic characteristics of 13,744 MS participants according to the famine exposure
Components

No-exposed (n = 3119)

Uterine exposed
(n = 1777)

Childhood exposed
(n = 8848)

Age (year)

40.3 ± 3.2

46.1 ± 1.3

53.1 ± 2.8

< 0.001

72.7

< 0.001

28.2 ± 3.3

27.8 ± 3.4

27.5 ± 3.1

< 0.001

135.3 ± 17.9

138.0 ± 19.1

141.7 ± 19.3

< 0.001

Male (%)
BMI (kg/m2)
FBG (mmol/L)
SBP (mmHg)
DBP (mmHg)
WC (cm)
LDL (mmol/L)
HDL (mmol/L)

80.6

6.0 ± 2.0

89.9 ± 12.2
95.0 ± 7.5
2.4 ± 0.8

73.4

6.3 ± 2.2

90.1 ± 12.2
95.1 ± 7.9

2.4 ± 0.8

6.3 ± 2.2

P-value

< 0.001

90.2 ± 11.5

0.188

2.3 ± 0.9

0.104

95.1 ± 7.5

0.964

1.4 ± 0.4

1.5 ± 0.4

1.5 ± 0.4

Low

2320(74.4)

1461(82.2)

7675(86.7)

High

799(25.6)

316(17.8)

1173(13.3)

Smoking (n, %)

1269(40.7)

705(39.7)

2901(32.8)

< 0.001

Drinking (n, %)

1511(48.4)

735(41.4)

3082(34.8)

< 0.001

Physical activity (%)

211(6.8)

125(7.0)

1359(15.4)

< 0.001

Hypertension (%)

1890(60.6)

1138(64.0)

6325(71.5)

< 0.001

Diabetes (%)

431(13.8)

359(20.2)

1899(21.5)

< 0.001

Use of antihypertensive medications (%)

365(11.7)

284(16.0)

1879(21.2)

< 0.001

Use of hypoglycemic medications (%)

63(2.0)

57(3.2)

440(5.0)

< 0.001

Use of hypolipidemic medications (%)

44(1.4)

17(1.0)

159(1.8)

0.023

Education (%)

0.001
< 0.001

Data were present as n (%), mean ± SD, or median ( P25, P75) according to variable category. Pearson’s chi-square test, ANOVA analysis, or Kruskal–Wallis test was used
to compare differences between groups properly
BMI, body mass index; FBG, fasting blood glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist circumference; LDL, low-density lipoprotein;
HDL, high-density lipoprotein; TG, triglyceride
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Fig. 1 Cumulative incidence curve of CVD in three groups

Table 2 Cox proportional hazard model analysis of different famine groups and the incidence of CVD
Components

Case/total

IR (per 1000
person-years)

Model 1 HR(95%CI)

Model 2 HR(95%CI)

Model 3 HR(95%CI)

CVD
No-exposed

183/3119

4.70

1 (Reference)

1 (Reference)

1 (Reference)

Uterine exposed

180/1777

8.32

1.41(1.11–1.78)

1.35(1.06–1.72)

1.32(1.04–1.67)

Childhood exposed

964/8848

9.09

1.10(0.80–1.51)

1.05(0.76–1.45)

1.03(0.75–1.42)

Stroke
No-exposed

145/3119

3.70

1 (Reference)

1 (Reference)

1 (Reference)

Uterine exposed

151/1777

6.94

1.47(1.13–1.92)

1.41(1.08–1.84)

1.37(1.05–1.79)

Childhood exposed

778/8848

7.27

1.10(0.77–1.57)

1.05(0.73–1.51)

1.04(0.72–1.48)

39/3119

0.99

1 (Reference)

1 (Reference)

1 (Reference)

MI
No-exposed
Uterine exposed

33/1777

1.47

1.18(0.69–2.02)

1.16(0.68–1.98)

1.15(0.68–1.97)

Childhood exposed

213/8848

1.94

1.07(0.54–2.12)

1.05(0.53–2.06)

1.05(0.53–2.06)

Model 1: Adjusted for age, and gender
Model 2: Included covariates in model 1 and further adjusted for education (junior high school or below, senior high school or above), smoking (current, never/
former), drinking (current, never/former), and physical activity (current, never/former)
Model 3: Included covariates in model 2 and further adjusted for low-density lipoprotein, hypertension, diabetes, use of antihypertensive medications, use of
hypoglycemic medications, and use of hypolipidemic medications
HR, hazard ratio; CI, confidence interval; IR, incidence rate; MI, myocardial infarction

the individuals with CVD occurring within two years or
removing the lost-to-review individuals (Table 3).
To evaluate the effect of covariates on the CVD risk,
stratified analysis by gender, smoking (yes/no), or
drinking (yes/no) were performed. The results showed
that the association between uterine famine exposure
and increased CVD risk only observed in female (HR:
2.31, 95% CI 1.13–4.73), but not in male. The similar
results were observed in smokers (HR:1.53, 95% CI
1.08–2.17). However, no association between famine
exposure and CVD risks were observed for patients

with childhood famine exposure or drinking. Also,
no interaction between famine exposure and gender,
smoking or drinking were observed (Table 4).

Discussion
Based on the prospective cohort, we found that exposure to Chinese famine during fetal life was associated with a higher risk of CVD in patients with MS.
The results might help to elucidate the pathogenesis of
CVD in MS individuals and emphasize the importance
of adequate nutrition during the fetal period.
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Table 3 Sensitivity analysis
Components

Case/total

IR (per 1000
person-years)

Model 1 HR(95% CI)

Model 2 HR(95% CI)

Model 3 HR(95% CI)

Delete events that occurred within 2 years
No-exposed

180/3107

4.62

Uterine exposed

173/1762

8.01

1.40(1.10,1.78)

1 (Reference)

1.35(1.06,1.71)

1 (Reference)

1.31(1.03,1.67)

1 (Reference)

Childhood exposed

941/8792

8.88

1.13(0.82,1.56)

1.09(0.79,1.50)

1.06(0.77,1.47)

Delete lost-to-review individuals
No-exposed

176/2981

4.71

Uterine exposed

166/1700

7.95

1.39(1.09,1.78)

1 (Reference)

1.34(1.05,1.72)

1 (Reference)

1.31(1.03,1.68)

1 (Reference)

Childhood exposed

878/8300

8.73

1.14(0.82,1.59)

1.10(0.79,1.53)

1.08(0.78,1.50)

Model 1: Adjusted for age, and gender
Model 2: Included covariates in model 1 and further adjusted for education (junior high school or below, senior high school or above), smoking (current, never/
former), drinking (current, never/former), and physical activity (current, never/former)
Model 3: Included covariates in model 2 and further adjusted for low-density lipoprotein, hypertension, diabetes, use of antihypertensive medications, use of
hypoglycemic medications, and use of hypolipidemic medications

Compared with other studies

Stratification analysis

To our knowledge, the effect of famine exposure on CVD
risk in MS patients has not been evaluated, but studies confirmed that fetal exposure to famine increases
CVD risk in those with the component of MS. A crosssectional study found that the association between early
life famine exposure and adult CVD risk appears to be
stronger in overweight than in normal individuals [26].
Other studies showed that fetal exposure to famine exacerbates the adverse effect of hypertension on CVD, especially in individuals with central obesity [6, 27]. Zhang
et al. found that exposure to famine, especially during
fetal life, exacerbates the association between hyperglycemia and CVD. All these results support our research
results to a certain extent.

After stratification for sex, the results remained statistically significant in female, but not in male. Previous studies proved that female hormonal complex and CVD risk
was deeply intertwined. For example, sex hormones have
vasodilating properties that protective effect of blood
vessel wall and estrogen appears to prevent coronary
artery spasms. The major CVD risk factors were changed
by loss of estrogen (the lipid profile changes with menopause, becoming more atherogenic with increase of low
protein cholesterol levels) [31].In addition, traditional
Chinese values that favor boys and discriminate against
girls may also be partly to blame. Most studies were conducted in times of food shortages when families tend to
allocate food and other resources to their sons than to
their daughters, helping more male infants who suffer
from famine to survive and grow after birth, so the female
population is more affected by famine and at greater risk
of CVD in adulthood [32].
After stratification for smoking, the results remained
statistically significant in smoker, but not in non-smoker.
One possible explanation for these relationships is that
smoking might mediate CVD risk through shared pathophysiology, including dyslipidemia, hyperlipidemia, and
abdominal obesity. Prevention strategies to reduce the
burden of CVD therefore require the maintenance of a
healthy lifestyle.

Mechanism

Although the mechanisms underlying this association
between uterine famine exposure and adult CVD in MS
individuals have not been elucidated, several mechanisms
may explain the relationship. First, malnutrition early in
life might affect structural changes in the cardiovascular
system, and famine exposure during uterine life might
lead to epigenetic changes, even with lifelong effects [28].
Second, findings from the Dutch Famine Study suggest
that prenatal exposure to famine increases the preference
for high-fat foods and a high prevalence of dyslipidemia
[29], which in turn increases the risk of CVD [30]. Third,
several studieshave shown that confirmed the interaction between hypertension, hyperglycemia and famine
on increase the risk of CVD [6, 7]. And hypertension and
diabetes are components of MS, the risk of CVD might
be significantly increased by experiencing fetal famine
exposure in the MS individuals.

Advantages and limitations

The main advantages of our study are its prospective
nature, the long follow-up time, and the large sample
size. In addition, CVD event information was collected
through the health insurance system rather than selfreporting, so the data was more reliable and realistic.
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Table 4 Adjusted HR (95% CI) for incidence of CVD in the MS individuals by exposure to famine by gender, smoking, drinking
Components

case/total

IR (per 1000
person-years)

Model 1
HR(95%CI)

Model 2
HR(95%CI)

Model 3
HR(95%CI)

P for
interaction

Malea
No-exposed

168/2514

5.37

1 (Reference)

1 (Reference)

1 (Reference)

Uterine exposed

148/1304

9.35

1.30(1.01–1.68)

1.25(0.97–1.62)

1.22(0.94–1.58)

Childhood exposed

807/6436

9.09

1.02(0.73–1.44)

0.98(0.70–1.37)

0.96(0.68–1.35)

0.72

Femalea
No-exposed

15/605

1.96

1 (Reference)

1 (Reference)

1 (Reference)

Uterine exposed

32/473

5.52

2.36(1.19–4.67)

2.37(1.20–4.68)

2.31(1.13–4.73)

Childhood exposed

157/2,412

5.24

1.77(0.69–4.55)

1.84(0.72–4.71)

1.79(0.69–4.65)

91/1269

5.79

1 (Reference)

1 (Reference)

1 (Reference)

Smokingb
No-exposed

0.66

Uterine exposed

92/705

10.84

1.59(1.12–2.25)

1.56(1.10–2.22)

1.53(1.08–2.17)

Childhood exposed

388/2901

11.37

1.37(0.85–2.21)

1.34(0.83–2.17)

1.33(0.83–2.15)

No-Smokingb
No-exposed

92/1850

3.96

1 (Reference)

1 (Reference)

1 (Reference)

Uterine exposed

88/1072

6.70

1.26(0.91–1.75)

1.22(0.88–1.70)

1.20(0.86–1.67)

Childhood exposed

576/5947

8.02

0.94(0.61–1.45)

0.90(0.59–1.39)

0.89(0.58–1.37)

Drinkingc

0.94

No-exposed

93/1511

4.94

Uterine exposed

79/735

8.80

1.46(1.02,2.08)

1 (Reference)

1.38(0.97,1.97)

1 (Reference)

1.38(0.97,1.97)

1 (Reference)

Childhood exposed

363/3082

9.86

1.30(0.81,2.09)

1.23(0.77,1.98)

1.24(0.77,1.99)

No-drinkingc
No-exposed

90/1608

4.47

Uterine exposed

101/1042

7.98

1.39(1.01,1.93)

1 (Reference)

1.35(0.98,1.87)

1 (Reference)

1.32(0.95,1.83)

1 (Reference)

Childhood exposed

601/5766

8.69

1.00(0.65,1.55)

0.97(0.63,1.51)

0.96(0.62,1.49)

Model 1a: Adjusted for age
Model 1b: Adjusted for age, and gender
Model 1c: Same as the Model 1b
Model 2a: Included covariates in model 1a and further adjusted for education (junior high school or below, senior high school or above), smoking (current, never/
former), drinking (current, never/former), and physical activity (current, never/former)
Model 2b: Included covariates in model 1b and further adjusted for education (junior high school or below, senior high school or above), drinking (current, never/
former), and physical activity (current, never/former)
Model 2c: Included covariates in model 1c and further adjusted for education (junior high school or below, senior high school or above), smoking (current, never/
former), and physical activity (current, never/former)
Model 3a: Included covariates in model 2a and further adjusted for use of antihypertensive medications, use of hypoglycemic medications, and use of hypolipidemic
medications
Model 3b: Included covariates in model 2b and further adjusted for use of antihypertensive medications, use of hypoglycemic medications, and use of hypolipidemic
medications
Model 3c: Included covariates in model 2c and further adjusted for use of antihypertensive medications, use of hypoglycemic medications, and use of hypolipidemic
medications

However, the study has some limitations. All participants
in Kailuan cohort were employees from Kailuan Group,
an industry dominated by coal mines with mostly male
employees (75.53%), so it might be difficult in extrapolating to females or general individuals. In addition, due to
the lack of exact famine exposure information in the current study, the grouping was based on year of birth, which
might have classified those who did not suffer from famine into the uterine famine exposed group, resulting in a

weaker famine effect. A proportion of participants in the
uterine famine exposure group had also been exposed to
famine in early childhood, which might have a synergistic
effect on CVD. The lack of data in this study related to
poor nutrition in the maternal diet, exposure to harmful
agents, or risky lifestyle factors, might have confounded
the findings, all of which should be explored in future
studies. Thus, our findings are only suggestive of this
association and need to be supported by further investigations data from famine individuals in other countries.
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Conclusion

2.

In summary, we found that exposure to famine during
fetal life in patients with MS is associated with a high risk
of CVD in life.

3.
4.

Abbreviations
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