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Association between famine
exposure in early life and risk of
hospitalization for heart failure
in adulthood

Chao-lei Chen'!, Jia-bin Wang?, Yu-qing Huang! and
Ying-qing Feng'*

!Department of Cardiology, Guangdong Cardiovascular Institute, Guangdong Provincial People’s
Hospital, Guangdong Academy of Medical Sciences, Guangzhou, China, ?Global Health Research

Center, Guangdong Provincial People’'s Hospital, Guangdong Academy of Medical Sciences,
Guangzhou, China

Background: Few studies have reported the association of early life exposure
to famine with the risk of heart failure. The current study aimed to investigate
whether exposure to famine in early life is associated with a higher risk of
hospitalization for heart failure in adulthood.

Methods: We used data from participants included in the sub-cohort of
the China Patient-centered Evaluative Assessment of Cardiac Events Million
Persons Project in Guangdong Province. Specific years of birth were used to
define the famine-exposed group (born during the famine of 1959-1962), the
pre-famine group (born before the famine [1954-1957], and the post-famine
group (born after the famine [1964-1967]). Multivariable-adjusted generalized
linear models were used to examine the associations of early life famine
exposure with the risk of hospitalization for heart failure.

Results: A total of 36,212 participants were enrolled in this analysis with a
median age of 57.4 years and 37.5% of them were men. Compared with the
post-famine group, famine births and pre-famine births were associated with
increased risk of heart failure (OR: 1.96 [1.56-2.48] and OR: 1.62 [1.07-2.47],
respectively). When compared with the age-balanced non-exposed group,
the famine-exposed group was also significantly associated with increased
risk of heart failure (OR: 1.32 [1.11-1.57]). The associations were stronger in
participants with better economic status and in participants with hypertension,
diabetes, and dyslipidemia (P for interaction < 0.05).

Conclusion: Early life exposure to the Chinese famine is associated with an
elevated risk of hospitalization for heart failure in adulthood.
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Introduction

Heart failure (HF) represents the advanced manifestation
of various heart diseases and is one of the leading causes of
mortality and disability around the world (1, 2). It is estimated
that 64.3 and 8.9 million people are suffering from HF worldwide
and in China, respectively (3, 4). Other than known risk
factors such as high blood pressure, diabetes, and obesity, an
increasing body of evidence, mostly from animal models, has
shown the implications of exposure to poor nutrition early
in life in the growth and developments of cardiometabolic
outcomes (5-7). Although such studies in human beings is
challenging to conduct, episodes of famine in recent history
have provided some “natural” experimental settings to explore
the role of undernutrition in early life in the development of
cardiometabolic diseases in adulthood (8-10).

Previous famine studies have indicated significant

with  well-defined

cardiometabolic risk factors such as obesity, hypertension,

associations of famine exposure
dyslipidemia, and diabetes, as well as cardiovascular diseases
(CVD) including coronary heart disease, myocardial infarction,
and stroke (11-18). However, the association between early life
exposure to famine and risk of HF in adulthood has not been
well-studied. Using sub-cohort of the China Patient-Centered
Evaluative Assessment of Cardiac Events Million Persons
Project (PEACE MPP) in Guangdong Province, we therefore
investigated the associations of early life exposure to the Chinese
famine of 1959-1962 with the risk of hospitalization for HF
in adulthood.

Methods
Study population

The China PEACE MPP is a nationwide, government-
funded, and population-based CVD screening study for
identifying individuals with high CVD risk. The design and
methods of China PEACE MPP have been described elsewhere
(19-21). The current study was conducted in a sub-cohort of
the China PEACE MPP, and 102358 participants were initially
enrolled in 8 sites across Guangdong Province from 1 January
2016 to 31 December 2020. The inclusion criteria consisted of
(1) registered in the local registration records, (2) community-
dwelling residents who settled locally more than 6 months,
and (3) aged 35 to 75 years. We excluded participants born
in 1958 and 1963 from the analysis to minimize potential
misclassification (N = 6,638), as previous studies have suggested
(10). This is because the exact start or end date of Chinese famine
is not clear according to nationally mortality rates around those
years (22, 23). Among eligible participants, those who were born
between 1954 and 1967 were included in the current study
(N = 36,212) (Figure 1). We compared the characteristics of
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participants who were included in the present study or not and
found no significant difference between them (all P > 0.05). This
study was approved by both the Central Ethics Committee at
the China National Center for Cardiovascular Disease and the
Ethics Committee of Guangdong Provincial People’s Hospital
[No. GDREC2016438H (R2)]. Written informed consents were
obtained from all participants.

Famine definition

As one of the greatest famines in human history, the Chinese
famine of 1959 to 1962 affected mainland China and caused ~30
million deaths (24). Consistent with previous Chinese famine
studies (10, 25), participants were categorized into 3 groups
using birth year as the proxy variable of exposure to famine: pre-
famine group (born in 1954-1957), famine-exposed group (born
in 1959-1962), and post-famine group (born in 1964-1967). The
birth date for each participant was obtained from their resident
identification card.

Study outcomes

The main outcome of this study was hospitalization for HF.
For both famine-exposed group and control group, participants’
inpatient records from the Hospital Discharge Register System
were reviewed and identified by trained staff who were blinded
to the exposure status as well as other individual information.
Events of hospitalization for HF were ascertained using code
of I50 of the Tenth Revision of International Classification of
Diseases (ICD-10) (26). All events were independently reviewed
and verified by a panel of three experienced experts, including
two cardiologists and one statistician.

Assessment of covariates

We assessed covariates that included age, sex, education,
occupation, economic status (annual income), marriage,
smoking and drinking status, self-reported history of
hypertension, diabetes, and dyslipidemia, and self-reported
current use of antihypertensive, antidiabetic, lipid-lowering,
and antiplatelet medications, and statin therapy. Smoking and
drinking status were collected by asking the question “Do
you currently smoke cigarettes or drink alcohol?” For each
participant, physical examinations were also performed to
measure systolic blood pressure (SBP), diastolic blood pressure
(DBP), height, weight, and waist circumference. Blood pressure
was measured twice on the right upper arm after 5 min of rest
in a seated position using an electronic blood pressure monitor
(Omron HEM-7430; Omron Corporation, Kyoto, Japan) and a

standard protocol. Fasting blood glucose (FBG) was measured
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People who participated in the sub-cohort of the
China PEACE MPP 2016-2020 (N=102358)

Enrolled (N=95720)

Y

Excluded: Born in 1958 or 1963 (N=6638)

Analytic population (N=36212)

FIGURE 1

Flow chart of study participants. PEACE MPP, Patient-Centered Evaluative Assessment of Cardiac Events Million Persons Project.

Excluded: Born before 1954 or after 1967
(N=59508)

using fingertip blood samples (BeneCheck BK6-20M Multi-
Monitoring System, Suzhou Pu Chun Tang Biotechnology,
China).
cholesterol (TC), high-density lipoprotein cholesterol (HDL-C),
and low-density lipoprotein cholesterol (LDL-C) were measured

Lipid profile including triglyceride (TG), total

by a rapid lipid analyzer (CardioChek PA Analyzer; Polymer
Technology Systems, Indianapolis, Indiana, USA). Body mass
index (BMI) was calculated by dividing the weight in kilograms
by the square of height in meters. Hypertension was determined
based on self-reported using of antihypertensive drugs, or SBP
> 140 mmHg and/or DBP > 90 mmHg (27). Dyslipidemia
was determined based on self-reported using of lipid-lowering
medications, or TC > 6.2 mmol/L and/or LDL-C > 4.1 mmol/L
(28). Diabetes was determined based on self-reported using of
antidiabetic drugs, or FBG > 7.0 mmol/L (29).

Statistical analysis

described
(interquartile range) for non-normal distribution. Categorial

Continuous  variables  were as  median
variables were described as number and percentage. We
compared the characteristics of study participants according
to famine exposure status using chi-squared test, Wilcoxon
rank sum test, one-way ANOVA or Kruskal-Wallis H test as
appropriate. Multivariable-adjusted generalized linear models
were used to estimate the odds ratio (OR) and 95% confidence
interval (CI) of HF for famine group and pre-famine group
compared with post-famine group. Model 1 was adjusted for age

and sex; Model 2 with additional adjustment for marital status,
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educational status, occupation, economic status, smoking,
drinking, and BMI; Model 3 with additional adjustment
for hypertension, diabetes, dyslipidemia, and current use of
antiplatelet medications and statin therapy. We conducted
a series of stratification analyses by sex (men vs. women),
economic status (annual income <50,000 vs. > 50,000 yuan),
current smoking status (no vs. yes), hypertension (no vs. yes),
diabetes (no vs. yes), dyslipidemia (no vs. yes), and BMI (<24
vs. > 24 kg/m?). In the sensitivity analysis, to reduce the
age gap between groups, we combined the pre-famine and
post-famine groups together as an age-balanced non-exposed
group to test the robustness of the main results, as suggested
by previous studies (10, 30, 31). All analyses were conducted
with R statistical software version 3.33 (R Project for Statistical
Computing). P < 0.05 was considered significant.

Results

Characteristics of study participants

A total of 36,212 participants were included in the current
study, of which 37.5% were men and the median age was 57.4
years. The prevalence of HF in the pre-famine group, famine
group, and post-famine were 0.9, 2.0, and 2.8%, respectively.
Compared with the pre-famine group, the famine group and
post-famine group had higher prevalence of traditional CVD
risk factors such as smoking, hypertension, diabetes, and
dyslipidemia (Table 1). Of participants included, 669 (1.85%)
had events of hospitalizations for HF, and those with HF were
older and more likely to be men, had higher prevalence of
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TABLE 1 Characteristics of study participants according to famine exposure among 36,212 participants.
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Characteristics Total Pre-famine group Famine group Post-famine group P-value
Number 36,212 12,542 10,493 13,177

Age,y 57.4 (53.5-61.7) 52.6 (51.6-53.7) 57.2 (56.1-58.5) 62.5 (61.4-63.5) <0.001
Men, n (%) 13,570 (37.5) 4,704 (37.5) 3,655 (34.8) 5,211 (39.5) <0.001
Educational status (high school or above), n (%) 8,953 (24.7) 2,976 (23.7) 3,107 (29.6) 2,870 (21.8) <0.001
Occupation (Farmer), n (%) 5,202 (14.4) 1,547 (12.3) 1,516 (14.4) 2,139 (16.2) <0.001
Economic status (annual income >50,000 yuan), n (%) 15,899 (43.9) 5,695 (45.4) 4,574 (43.6) 5,630 (42.7) <0.001
Marriage (married), n (%) 33,096 (91.4) 11,577 (92.3) 9,585 (91.3) 11,934 (90.6) <0.001
Current smoker, 7 (%) 6,365 (17.6) 2,101 (16.8) 1,793 (17.1) 2,471 (18.8) <0.001
Current drinker, 7 (%) 2,010 (5.6) 686 (5.5) 535 (5.1) 789 (6.0) <0.001
BMI, kg/m2 24.1(22.0-26.3) 24.2 (22.2-26.4) 24.1 (22.1-26.3) 23.9 (21.8-26.2) <0.001
Waist circumference, cm 84.0 (78.0-90.0) 84.0 (78.0-90.0) 84.0 (78.0-90.0) 85.0 (78.0-90.9) <0.001
SBP, mm Hg 131.0 (119.5-143.5) 127.5 (117.0-140.0) 131.0 (119.5-144.0) 133.5 (122.0-147.0) <0.001
DBP, mm Hg 80.0 (72.5-87.5) 79.5 (72.5-87.5) 80.0 (72.5-87.5) 80.0 (72.5-87.0) 0.596
FBG, mg/dL 102.6 (91.8-115.2) 100.8 (91.8-113.4) 102.6 (91.8-115.2) 102.6 (91.8-115.2) <0.001
TG, mg/dL 122.1 (90.3-176.1) 120.5 (88.6-172.8) 124.9 (92.1-179.9) 123.2 (92.1-177.2) <0.001
TC, mg/dL 191.8 (162.5-223.9) 189.6 (161.0-220.2) 194.7 (164.9-227.2) 192.7 (162.9-226.0) <0.001
LDL-C, mg/dL 106.2 (82.2-133.2) 104.5 (81.3-130.0) 108.7 (84.0-137.0) 106.8 (82.4-135.1) <0.001
HDL-C, mg/dL 54.8 (44.8-67.6) 55.0 (44.5-67.3) 55.0 (44.9-67.7) 55.7 (45.3-68.1) <0.001
Hypertension, #n (%) 16,385 (45.2) 4,791 (38.2) 4,796 (45.7) 6,798 (51.6) <0.001
Diabetes, 11 (%) 6,699 (18.5) 2,025 (16.1) 2,083 (19.9) 2,591 (19.7) <0.001
Dyslipidemia, (%) 8,033 (22.2) 2,349 (18.7) 2,561 (24.4) 3,123 (23.7) <0.001
Current use of antihypertensive drugs, n (%) 7,942 (21.9) 2,120 (16.9) 2,324 (22.1) 3,498 (26.5) <0.001
Current use of antidiabetic drugs, n (%) 2,965 (8.2) 764 (6.1) 962 (9.2) 1,239 (9.4) <0.001
Current use of lipid-lowering drugs, 1 (%) 1,614 (4.5) 396 (3.2) 504 (4.8) 714 (5.4) <0.001
Current use of statin therapy, n (%) 275 (0.8) 59 (0.5) 90 (0.9) 126 (1.0) <0.001
Current use of antiplatelet drugs, n (%) 197 (0.5) 41(0.3) 47 (0.4) 109 (0.8) <0.001

Data are presented as median (IQR) for non-normally distributed variables, and numbers (percentages) for categorical variables. BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; FBG, fasting blood glucose; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

cardiovascular risk factors such as smoking, BMI, hypertension,
diabetes, and dyslipidemia, and had higher rate of current use of
antihypertensive, antidiabetic, lipid-lowering, antiplatelet drugs,
and statin therapy (Table 2).

Famine exposure and HF

Both the famine group and pre-famine group were
associated with increased risk of hospitalization for HF
compared with the post-famine group (OR = 1.96 for famine
births, 95% CI: 1.56-2.48, and OR = 1.62 for pre-famine
births, 95% CI: 1.07-2.47), after adjusting for age, sex, marriage,
educational status, occupation, family annual income, smoking,
drinking, BMI, hypertension, diabetes, dyslipidemia, statin
therapy, and current use of antiplatelet drugs (Table 3). In
the sensitivity analysis, famine group was also associated with
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elevated risk of HF compared with the age-balanced non-
exposed group (multivariable-adjusted OR = 1.32, 95% CI:
1.11-1.57) (Supplementary Table 1).

Stratification analyses

Stratification analyses by sex, smoking status, and BMI did
not show significant differences in the associations of early life
exposure to the Chinese famine with hospitalization for HF in
those subgroups. However, stratification analyses by economic
status showed that, compared with the post-famine group, the
associations between famine group and risk of HF were stronger
in those with income >50,000 yuan per year than in those with
income <50,000 yuan (OR>50,000yuan: 2.48 [1.72-3.64] vs. OR
0.010). The
associations of famine group with HF compared with the post-

<50,000yuan 1.71 [1.27-2.30], P for interaction =

famine group were also stronger in those with hypertension
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TABLE 2 Characteristics of study participants with or without hospitalization for heart failure among 36,121 participants.

Characteristics Total Without HF With HF P-value
Number 36,212 35,543 669

Age,y 57.4 (53.5-61.7) 57.3 (53.5-61.7) 60.4 (56.5-62.7) <0.001
Men, 1 (%) 13,570 (37.5) 13,182 (37.1) 388 (58.0) <0.001
Educational status (high school or above), n (%) 8,953 (24.7) 8,783 (24.7) 170 (25.4) 0.71
Occupation (Farmer), n (%) 5,202 (14.4) 5,102 (14.4) 100 (14.9) 0.71
Economic status (annual income > 50,000 yuan), 7 (%) 15,899 (43.9) 15,605 (43.9) 294 (43.9) 0.99
Marriage (married), n (%) 33,096 (91.4) 32,487 (91.4) 609 (91.0) 0.79
Current smoker, 7 (%) 6,365 (17.6) 6,170 (17.4) 195 (29.1) <0.001
Current drinker, 7 (%) 2,010 (5.6) 1,962 (5.5) 48 (7.2) 0.08
BMI, kg/m2 24.1(22.0-26.3) 24.1 (22.0-26.3) 24.9 (22.6-27.2) <0.001
Waist circumference, cm 84.0 (78.0-90.0) 84.0 (78.0-90.0) 88.0 (80.0-94.0) <0.001
SBP, mm Hg 131.0 (119.5-143.5) 131.0 (119.5-143.5) 135.0 (122.0-151.5) <0.001
DBP, mm Hg 80.0 (72.5-87.5) 80.0 (72.5-87.5) 81.0 (73.0-89.0) 0.009
FBG, mg/dL 102.6 (91.8-115.2) 101.2 (91.8-115.2) 106.2 (91.8-127.8) <0.001
TG, mg/dL 122.4 (90.5-176.5) 122.4 (90.5-176.5) 128.6 (94.0-190.7) 0.008
TC, mg/dL 192.3 (162.9-224.5) 192.3 (163.3-224.5) 174.5 (142.8-214.4) <0.001
LDL-C, mg/dL 109.9 (84.4-131.2) 110.3 (84.4-131.6) 98.7 (72.4-122.3) <0.001
HDL-C, mg/dL 55.0 (44.9-67.7) 55.3 (44.9-67.7) 49.5 (40.6-61.9) <0.001
Hypertension, #n (%) 16,385 (45.2) 15,950 (44.9) 435 (65.0) <0.001
Diabetes, 11 (%) 6,699 (18.5) 6,469 (18.2) 230 (34.4) <0.001
Dyslipidemia, (%) 8,033 (22.2) 7,838 (22.1) 195 (29.1) 0.009
Current use of antihypertensive drugs, n (%) 7,942 (21.9) 7,639 (21.5) 303 (45.3) <0.001
Current use of antidiabetic drugs, n (%) 2,965 (8.2) 2,829 (8.0) 136 (20.3) <0.001
Current use of lipid-lowering drugs, n (%) 1,614 (4.5) 1,512 (4.3) 102 (15.2) 0.009
Current use of statin therapy, n (%) 275 (0.8) 255 (0.7) 20 (3.0) <0.001
Current use of antiplatelet drugs, 1 (%) 197 (0.5) 178 (0.5) 19 (2.8) <0.001

Data are presented as median (IQR) for non-normally distributed variables, and numbers (percentages) for categorical variables.
PEACE MPP, Patient-Centered Evaluative Assessment of Cardiac Events Million Persons Project; HE heart failure; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; FBG, fasting blood glucose; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

(OR:2.80 [2.08-3.88] in hypertensive participants vs. 1.73 [1.29-
2.35] in non-hypertensive participants, P for interaction =
0.024), in those with diabetes (OR: 2.55 [1.71-3.89] in diabetic
participants vs. 1.73 [1.10-2.30] in non-diabetic participants, P
for interaction = 0.010), and in those with dyslipidemia (OR:
2.18 [1.66-2.89] in participants with dyslipidemia vs. 1.55 [1.01-
2.39] in participants without dyslipidemia, P for interaction =
0.012) (Figure 2). The results were similar for the pre-famine
group when comparing to the post-famine group and remained
robust when using the age-balanced control group as reference
(Supplementary Figure 1).

Discussion

Our large population-based study revealed that early life
exposure to the Chinese famine of 1959-1962 was significantly
associated with increased risk of hospitalization for HF
in adulthood.
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Although the associations between famine exposure early
in life and self-reported cardiovascular diseases have been
recognized in previous studies, evidence about the associations
with rarely reported cardiometabolic outcomes such as
hospitalization for HF is still lacking (15, 17, 32). Among 5,772
participants in the China Health and Retirement Longitudinal
Study (CHARLS), Shi and colleagues (33) observed that early
life exposure to the Chinese famine increased the risk of
self-reported composite CVD events (OR = 2.87, 95% CIL:
1.16-7.07). In the REACTION (Risk Evaluation of Cancers in
Chinese Diabetic Individuals) study of 259,657 community-
dwelling adults, Du et al. (17) showed that early life famine
exposure was associated with higher risk of self-reported total
CVD, coronary heart disease, myocardial infarction, and stroke.
Similarly, among 92 284 participants from the China Kadoorie
Biobank, Meng et al. (15) found that early life exposure to the
Chinese famine was associated with increased risks of ischemic
heart disease, cerebrovascular disease, and ischemic stroke,
which were defined using local disease national health insurance
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TABLE 3 Odds ratio with 95% CI of hospitalization for heart failure according to famine exposure among 36,212 participants.

Post-famine group Famine group Pre-famine group
Case (%) 118 (0.9) 211 (2.0) 340 (2.6)
Model 1 1.0 2.13 (1.70-2.69) 1.70 (1.12-2.59)
Model 2 1.0 2.14 (1.70-2.70) 1.68 (1.11-2.56)
Model 3 1.0 1.96 (1.56-2.48) 1.62 (1.07-2.47)

Model 1: adjusted for age and sex.

Model 2: adjusted for age, sex, smoking, drinking, marriage, educational status, occupation, economic status, and body mass index.

Model 3: adjusted for age, sex, smoking, drinking, marriage, educational status, occupation, economic status, body mass index, hypertension, diabetes, dyslipidemia, statin therapy, and
current use of antiplatelet drugs.

Subgroup Stratification Group 4 Post-famine Famine * Pre-famine 0dds ratio (95% CI) P for interaction

Gender Men 1.00 (Reference) 0.25
0 2.26 (1.66-3.10)

2.33(1.36-3.97)

.0 fReference)
.69 (1.20-2.40)
.99 (1.52-2.92)

Women . } (9)
1.99

1.00 (Reference) 0.010

m 1.71 (1.27-2.30)
1.34(0.80-2.29)

Economic status <50000 yuan

1.00 (Reference)
. 2.48 (1.72-3.64)
2.07 (1.04-4.10)

>50000 yuan

Smoking No 1.00 (Reference) 0.13
— 1.78 (1.36-2.34)

2.39(1.85-3.27)

1.00 (Reference)
u; 2.69 (1.71-4.35)
> 2.54(1.15-5.60)

1.00 (Reference) 0.024
- 1.73 (1.29-2.35)
1.37(0.82-2.30)

Hypertension No

1.00 (Reference)

= 2.80(2.08-3.88)
2.18 (1.06-4.43)

.00 (Reference) 0.010
3(1.10-2.30)

Diabetes No 7
163 (0.98-2.71)

1
w 1
1

1.00 (Reference)

u 2.55(1.71-3.89)

* 2.16 (1.31-3.96)

Dyslipidemia No 1.00 (Reference) 0.012
", 1.55 (1.01-2.39)
1.30 (0.64-2.63)

(Reference)

0
8 (1.66-2.89)
0 (1.07-3.03)

1.0¢
u! 2.1
1.8

Body mass index <24 1.00 (Reference) 0.86

. 2.01 (1.39-2.92)
1.63 (1.04-2.65)

1.00 (Reference)
= 1.94 (1.44-2.63)
* 1.98 (1.03-3.82)

>24

T L L L I T T S Per

Odds ratio

FIGURE 2

Stratification analysis of associations of pre-famine and famine births with risk of hospitalization for heart failure compared with post-famine
births. Presented were multivariable-adjusted generalized linear models with adjustment for age, sex, marriage, educational status, occupation,
economic, smoking, drinking, body mass index, hypertension, diabetes, dyslipidemia, current use of antiplatelet medications, and statin therapy.
The square in the middle represents the odds ratio of the risk estimation, and the bar represents its 95% CI.

Frontiers in Public Health 06 frontiersin.org


https://doi.org/10.3389/fpubh.2022.973753
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Chen et al.

system and ICD-10 codes. Our study including over 35,000
participants added the evidence on the positive relation between
famine exposure early in life and risk of hospitalization for HF,
which is the final stage of various kinds of CVD (2).

Inconsistent with previous studies that revealed sex
differences in the associations between famine exposure and
cardiometabolic outcomes such high blood pressure (10, 34),
diabetes (35, 36), and self-reported CVD events (17), we
found similar association between famine exposure to the
Chinese famine and HF risk in men and women. The
study design, participant selection, and definitions of exposed
and non-exposed groups may contribute to these reported
inconsistent findings. However, we found in the current study
that participants with better economic status had increased risk
of HF when exposed to famine in early life. One explanation is
that socioeconomic status plays an important role in developing
CVD, and it even had bigger effect than healthy lifestyles in
adulthood (37). Indeed, Wang et al. (38) found that early-life
famine exposure was positively associated with hyperuricemia
in subjects with high economic status rather than in those
with low economic status. These findings conformed the
Barker hypothesis (39), which demonstrated that if the utero
development of a thrifty phenotype mismatched the later
plentiful environment, infants suffering from undernutrition
will be more prone to cardiometabolic disease in later
life. Additionally, we found that hypertensive and diabetic
participants who were exposed to famine in early life had
higher risk of HF than non-hypertensive participants. These
findings were consistent with results from two representative
cohorts of Chinese adults that provided evidence that early
exposure to the Chinese famine of 1959-1962 exacerbated
the association of hypertension, diabetes, and risk of CVD in
later life (33, 40). In addition, we found that in the present
study, dyslipidemia modified the effect of early life exposure
to famine on later risk of HE which was inconsistent with
the REACTION study that found non-significantly stronger
association between early life famine exposure and CVD risk in
participant without dyslipidemia (17). This difference could be
explained to the complex mediation of metabolic syndrome on
the relationship between famine and CVD and the clustering of
multimorbidity (17).

Although not well-understood yet, several plausible
mechanisms can be responsible for the adverse associations
of famine exposure early in life with HF risk in adulthood.
First, animal experiments have revealed that prenatal and
postnatal malnutrition can elevate blood pressure by altering
the renin-angiotensin system (41, 42), and increase blood
glucose by destroying pancreatic f-cell function (43, 44), which
can then increase cardiovascular risk. Second, nutritional
deficiency early in life can result in limited development in
multiple organs and tissues, such as pancreas, adipose, and
kidney, and then increased risk of cardiac diseases later in
life (45, 46). Third, it has been reported that fetal exposure to
famine was associated with changes in DNA methylation of
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genes involved in inflammation, adipogenesis, and glycolysis
(47-49), therefore, epigenetic modifications may be a plausible
mechanism linking famine exposure and cardiovascular health.

Several limitations should be kept in mind when interpreting
our findings. First. although the birth date was commonly used
to define famine exposure in this research field, this method may
lead to misclassification bias and underestimated associations.
Second, residual confounding was still likely given the nature
of observational study design. Third, data relevant to dietary
patterns, physical activity, and birth weight was not collected
and thus cannot be adjusted in our analysis. Finally, we were
unable to distinguish either subgroups of HF (i.e., HF with
reduced or preserved ejection fraction) or causes of HF, and
then unable to further explore the relationships between early
life famine exposure and specific HF outcomes.

Conclusion

Taken together, our study revealed that early life exposure to
the Chinese famine of 1959-1962 was associated with increased
risk of hospitalization for HF in adulthood. These associations
were stronger in those with better economic status and those
with hypertension, diabetes, or dyslipidemia.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary material, further inquiries
can be directed to the corresponding author/s.

Ethics statement

This study was approved by both the Central Ethics
Committee at the China National Center for Cardiovascular
Disease and the Ethics Committee of Guangdong Provincial
Hospital [No. GDREC2016438H (R2)]. The
patients/participants provided their written informed consent

People’s

to participate in this study.

Author contributions
C-IC and Y-qF: conceptualization and study design. C-1C,
J-bW, and Y-qF: paper preparation. C-IC and J-bW: statistical

analysis and data interpretation. All authors: investigation and
reviewed and approved this manuscript.

Funding

This work was supported by the Ministry of Finance of
China and National Health and Family Planning Commission

frontiersin.org


https://doi.org/10.3389/fpubh.2022.973753
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Chen et al.

of China, the Key Area R&D Program of Guangdong Province
(N0.2019B020227005), the Climbing Plan of Guangdong
Provincial People’s Hospital (DFJH2020022), and Guangdong
Provincial Clinical Research Center for Cardiovascular disease
(2020B1111170011).

Acknowledgments

We thank all the participants included in this project.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

1. Ambrosy AP, Fonarow GC, Butler J, Chioncel O, Greene SJ, Vaduganathan M,
et al. The global health and economic burden of hospitalizations for heart failure:
lessons learned from hospitalized heart failure registries. ] Am Coll Cardiol. (2014)
63:1123-33. doi: 10.1016/j.jacc.2013.11.053

2. Conrad N, Judge A, Tran ], Mohseni H, Hedgecott D, Crespillo
AP, et al. Temporal trends and patterns in heart failure incidence: a
population-based study of 4 million individuals. Lancet. (2018) 391:572—
80. doi: 10.1016/S0140-6736(17)32520-5

3. Hao G, Wang X, Chen Z, Zhang L, Zhang Y, Wei B, et al. Prevalence of heart
failure and left ventricular dysfunction in China: the China Hypertension Survey,
2012-2015. Eur J Heart Fail. (2019) 21:1329-37. doi: 10.1002/ejhf.1629

4. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global,
regional, and national incidence, prevalence, and years lived with disability for
354 diseases and injuries for 195 countries and territories, 1990-2017: a systematic
analysis for the Global Burden of Disease Study 2017. Lancet. (2018) 392:1789-
858. doi: 10.1016/S0140-6736(18)32279-7

5. Hsu CN, Tain YL. Animal models for DOHaD research: focus
on hypertension of developmental origins. Biomedicines.  (2021)
9:623. doi: 10.3390/biomedicines9060623

6. Woods LL, Ingelfinger JR, Nyengaard JR, Rasch R. Maternal

protein restriction suppresses the newborn renin-angiotensin = system
and programs adult hypertension in rats. Pediatr Res. (2001)
49:460-7. doi: 10.1203/00006450-200104000-00005

7. Fleming TP, Watkins AJ, Velazquez MA, Mathers JC, Prentice AM, Stephenson
J, et al. Origins of lifetime health around the time of conception: causes and
consequences. Lancet. (2018) 391:1842-52. doi: 10.1016/S0140-6736(18)30312-X

8. Roseboom TJ, van der Meulen JH, Osmond C, Barker DJ, Ravelli AC,
Schroeder-Tanka JM, et al. Coronary heart disease after prenatal exposure to the
Dutch famine, 1944-45. Heart. (2000) 84:595-8. doi: 10.1136/heart.84.6.595

9. Lumey LH, Khalangot MD, Vaiserman AM. Association between
type 2 diabetes and prenatal exposure to the Ukraine famine of 1932-
33: a retrospective cohort study. Lancet Diabetes Endocrinol. (2015)
3:787-94. doi: 10.1016/52213-8587(15)00279-X

10. Li J, Yang Q, An R, Sesso HD, Zhong VW, Chan KHK, et al. Famine
and trajectories of body mass index, waist circumference, and blood pressure in
two generations: results from the CHNS from 1993-2015. Hypertension. (2021)
79:518-31. doi: 10.1161/HYPERTENSIONAHA.121.18022

11. Zhou Z, Zhang W, Fang Y. Early-life exposure to Chinese famine and stroke
risk in mid- to late life: the mediating roles of cognitive function and depression.
BMC Geriatr. (2022) 22:294. doi: 10.1186/s12877-022-02990-z

Frontiersin Public Health

10.3389/fpubh.2022.973753

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those
of their affiliated organizations, or those of the publisher,
the editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2022.973753/full#supplementary-material

12. Wang Z, Dong Y, Xu R, Wang X, Li Y, Zou Z. Early-life exposure to the
Chinese great famine and later cardiovascular diseases. Int ] Public Health. (2021)
66:603859. doi: 10.3389/ijph.2021.603859

13. Tao B, Yang P, Wang C, Du W, Shen P, Wu Y, et al. Fetal exposure to the
Great Chinese Famine and risk of ischemic stroke in midlife. Eur ] Neurol. (2021)
28:1244-52. doi: 10.1111/ene.14661

14. Peng Y, Hai M, Li P, Chen Y. Association of exposure to Chinese famine
in early life with the risk of metabolic syndrome in adulthood. Ann Nutr Metab.
(2020) 76:140-6. doi: 10.1159/000507356

15. Meng R, Yu C, Guo Y, Bian Z, Si J, Nie J, et al. Early famine exposure and
adult disease risk based on a 10-year prospective study of Chinese adults. Heart.
(2020) 106:213-20. doi: 10.1136/heartjnl-2019-315750

16.LuJ,LiM, Xu Y, Bi Y, Qin Y, Li Q, et al. Early life famine exposure, ideal
cardiovascular health metrics, and risk of incident diabetes: findings from the 4c
study. Diabetes Care. (2020) 43:1902-9. doi: 10.2337/dc19-2325

17. Du R, Zheng R, Xu Y, Zhu Y, Yu X, Li M, et al. Early-life famine
exposure and risk of cardiovascular diseases in later life: findings from the
REACTION study. ] Am Heart Assoc. (2020) 9:e014175. doi: 10.1161/JAHA.119.
014175

18. Liu D, Yu DM, Zhao LY, Fang HY, Zhang ], Wang JZ, et al
Exposure to famine during early life and abdominal obesity in adulthood:
findings from the great Chinese famine during 195921961. Nutrients. (2019)
11:903. doi: 10.3390/nu11040903

19. Lu J, Xuan S, Downing NS, Wu C, Li L, Krumholz HM, et al.
Protocol for the China PEACE (Patient-centered Evaluative Assessment
of Cardiac Events) Million Persons Project pilot. BMJ Open. (2016)
6:€010200. doi: 10.1136/bmjopen-2015-010200

20. Li X, Wu C, Lu J, Chen B, Li Y, Yang Y, et al. Cardiovascular risk factors in
China: a nationwide population-based cohort study. Lancet Public Health. (2020)
5:¢672-81. doi: 10.1016/S2468-2667(20)30191-2

21. Lu J, Lu Y, Yang H, Bilige W, Li Y, Schulz W, et al. Characteristics of
high cardiovascular risk in 1.7 million Chinese adults. Ann Intern Med. (2019)
170:298-308. doi: 10.7326/M18-1932

22. Luo ZH MR, Zhang XB. Famine and overweight in China. Rev Agric Econ.
(2006) 28:296-304. doi: 10.1111/j.1467-9353.2006.00290.x

23. Lin JY, Yang DT. Food availability, entitlements and the Chinese famine of
1959-61. Econ J. (2000) 110:136-58. doi: 10.1111/1468-0297.00494

24. Smil V. Chinas great famine: 40 years later. Bmj. (1999) 319:1619-
21. doi: 10.1136/bm;.319.7225.1619

frontiersin.org


https://doi.org/10.3389/fpubh.2022.973753
https://www.frontiersin.org/articles/10.3389/fpubh.2022.973753/full#supplementary-material
https://doi.org/10.1016/j.jacc.2013.11.053
https://doi.org/10.1016/S0140-6736(17)32520-5
https://doi.org/10.1002/ejhf.1629
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.3390/biomedicines9060623
https://doi.org/10.1203/00006450-200104000-00005
https://doi.org/10.1016/S0140-6736(18)30312-X
https://doi.org/10.1136/heart.84.6.595
https://doi.org/10.1016/S2213-8587(15)00279-X
https://doi.org/10.1161/HYPERTENSIONAHA.121.18022
https://doi.org/10.1186/s12877-022-02990-z
https://doi.org/10.3389/ijph.2021.603859
https://doi.org/10.1111/ene.14661
https://doi.org/10.1159/000507356
https://doi.org/10.1136/heartjnl-2019-315750
https://doi.org/10.2337/dc19-2325
https://doi.org/10.1161/JAHA.119.014175
https://doi.org/10.3390/nu11040903
https://doi.org/10.1136/bmjopen-2015-010200
https://doi.org/10.1016/S2468-2667(20)30191-2
https://doi.org/10.7326/M18-1932
https://doi.org/10.1111/j.1467-9353.2006.00290.x
https://doi.org/10.1111/1468-0297.00494
https://doi.org/10.1136/bmj.319.7225.1619
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Chen et al.

25. Li C, Lumey LH. Exposure to the Chinese famine of 1959-61
in early life and long-term health conditions: a systematic review and
meta-analysis. Int ] Epidemiol. (2017) 46:1157-70. doi: 10.1093/ije/
dyx013

26. Sattar N, Rawshani A, Franzén S, Rawshani A, Svensson AM,
Rosengren A, et al. Age at diagnosis of type 2 diabetes mellitus and
associations with cardiovascular and mortality risks. Circulation. (2019)
139:2228-37. doi: 10.1161/CIRCULATIONAHA.118.037885

27. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier
M, et al. (2018). ESC/ESH Guidelines for the management of arterial
hypertension. Eur Heart J. (2018) 39:3021-104. doi: 10.1097/HJH.00000000000
01940

28. Chinese adult dyslipidemia prevention guide
committee. Chinese guideline for the management
in adults. Zhonghua Xin Xue Guan Bing Za Zhi.
doi: 10.3760/cma.j.issn.0253-3758.2016.10.005

29. Cosentino F, Grant PJ, Aboyans V, Bailey CJ, Ceriello A, Delgado V,
et al. 2019 ESC Guidelines on diabetes, pre-diabetes, cardiovascular diseases
developed in collaboration with the EASD. Eur Heart J. (2020) 41:255-323.
doi: 10.1093/eurheartj/ehz486

revised  joint
of dyslipidemia
(2016) 44:833-53.

30. Li C, Lumey LH. Early-life exposure to the Chinese famine of 1959-1961
and type 2 diabetes in adulthood: a systematic review and meta-analysis. Nutrients.
(2022) 14:2855. doi: 10.3390/nu14142855

31. Li C, Tobi EW, Heijmans BT, Lumey LH. The effect of the Chinese
Famine on type 2 diabetes mellitus epidemics. Nat Rev Endocrinol. (2019) 15:313—-
4. doi: 10.1038/s41574-019-0195-5

32.Ding X, LiJ, Wu Y, Yang P, Zhao D, Yuan X, et al. Ideal cardiovascular health
metrics modify the association between exposure to Chinese famine in fetal and
cardiovascular disease: a prospective cohort study. Front Cardiovasc Med. (2021)
8:751910. doi: 10.3389/fcvm.2021.751910

33. Shi Z, Nicholls SJ, Taylor AW, Magliano DJ, Appleton S, Zimmet
P. Early life exposure to Chinese famine modifies the association
between hypertension and cardiovascular disease. ] Hypertens. (2018)
36:54-60. doi: 10.1097/HJH.0000000000001496

34. Liu L, Xu X, Zeng H, Zhang Y, Shi Z, Zhang E et al. Increase in the
prevalence of hypertension among adults exposed to the Great Chinese Famine
during early life. Environ Health Prev Med. (2017) 22:64. doi: 10.1186/s12199-017-
0671-2

35. Wang N, Wang X, Han B, Li Q, Chen Y, Zhu C, et al. Is exposure to
famine in childhood and economic development in adulthood associated with
diabetes? J Clin Endocrinol Metab. (2015) 100:4514-23. doi: 10.1210/jc.2015-
2750

36. Meng R, Lv ], Yu C, Guo Y, Bian Z, Yang L, et al. Prenatal famine exposure,
adulthood obesity patterns and risk of type 2 diabetes. Int J Epidemiol. (2018)
47:399-408. doi: 10.1093/ije/dyx228

Frontiersin Public Health

09

10.3389/fpubh.2022.973753

37. Zhang YB, Chen C, Pan XE Guo J, Li Y, Franco OH, et al
Associations of healthy lifestyle and socioeconomic status with mortality and
incident cardiovascular disease: two prospective cohort studies. BMJ. (2021)
373:n604. doi: 10.1136/bmj.n604

38. Wang Y, Weng P, Wan H, Zhang W, Chen C, Chen Y, et al
Economic status moderates the association between early-life famine
exposure and hyperuricemia in adulthood. J Clin Endocrinol Metab. (2020)
105:dgaa523. doi: 10.1210/clinem/dgaa523

39. Hales CN, Barker DJ. The thrifty phenotype hypothesis. Br Med Bull. (2001)
60:5-20. doi: 10.1093/bmb/60.1.5

40. Shi Z, Ji L, Ma RCW, Zimmet P. Early life exposure to 1959-1961 Chinese
famine exacerbates association between diabetes and cardiovascular disease. ]
Diabetes. (2020) 12:134-41. doi: 10.1111/1753-0407.12975

41. Manning J, Vehaskari VM. Low birth weight-associated adult hypertension
in the rat. Pediatr Nephrol. (2001) 16:417-22. doi: 10.1007/s004670000560

42. Langley-Evans SC, Jackson AA. Captopril normalises systolic
blood pressure in rats with hypertension induced by fetal exposure to
maternal low protein diets. Comp Biochem Physiol A Physiol. (1995)
110:223-8. doi: 10.1016/0300-9629(94)00177-U

43. Minana-Solis Mdel C, Escobar C. Post-weaning protein malnutrition in the
rat produces short and long term metabolic impairment, in contrast to earlier and
later periods. Int J Biol Sci. (2008) 4:422-32. doi: 10.7150/ijbs.4.422

44. Garofano A, Czernichow P, Bréant B. Beta-cell mass and proliferation
following late fetal and early postnatal malnutrition in the rat. Diabetologia. (1998)
41:1114-20. doi: 10.1007/s001250051038

45. Heijmans BT, Tobi EW, Stein AD, Putter H, Blauw GJ, Susser
ES, et al. Persistent epigenetic differences associated with prenatal
exposure to famine in humans. Proc Natl Acad Sci USA. (2008)
105:17046-9. doi: 10.1073/pnas.0806560105

46. Tennant IA, Barnett AT, Thompson DS, Kips ], Boyne MS,
Chung EE, et al. Impaired cardiovascular structure and function in
adult survivors of severe acute malnutrition. Hypertension. (2014)
64:664-71. doi: 10.1161/HYPERTENSIONAHA.114.03230

47. Tobi EW, Slieker RC, Luijk R, Dekkers KF Stein AD, Xu KM,
et al. DNA methylation as a mediator of the association between prenatal
adversity and risk factors for metabolic disease in adulthood. Sci Adv. (2018)
4:eaa04364. doi: 10.1126/sciadv.aa04364

48. Shen L, Li C, Wang Z, Zhang R, Shen Y, Miles T, et al. Early-
life exposure to severe famine is associated with higher methylation level in
the IGF2 gene and higher total cholesterol in late adulthood: the Genomic
Research of the Chinese Famine (GRECF) study. Clin Epigenet. (2019)
11:88. doi: 10.1186/s13148-019-0676-3

49. Tobi EW, Lumey LH, Talens RP, Kremer D, Putter H, Stein AD, et al. DNA
methylation differences after exposure to prenatal famine are common and timing-
and sex-specific. Hum Mol Genet. (2009) 18:4046-53. doi: 10.1093/hmg/ddp353

frontiersin.org


https://doi.org/10.3389/fpubh.2022.973753
https://doi.org/10.1093/ije/dyx013
https://doi.org/10.1161/CIRCULATIONAHA.118.037885
https://doi.org/10.1097/HJH.0000000000001940
https://doi.org/10.3760/cma.j.issn.0253-3758.2016.10.005
https://doi.org/10.1093/eurheartj/ehz486
https://doi.org/10.3390/nu14142855
https://doi.org/10.1038/s41574-019-0195-5
https://doi.org/10.3389/fcvm.2021.751910
https://doi.org/10.1097/HJH.0000000000001496
https://doi.org/10.1186/s12199-017-0671-2
https://doi.org/10.1210/jc.2015-2750
https://doi.org/10.1093/ije/dyx228
https://doi.org/10.1136/bmj.n604
https://doi.org/10.1210/clinem/dgaa523
https://doi.org/10.1093/bmb/60.1.5
https://doi.org/10.1111/1753-0407.12975
https://doi.org/10.1007/s004670000560
https://doi.org/10.1016/0300-9629(94)00177-U
https://doi.org/10.7150/ijbs.4.422
https://doi.org/10.1007/s001250051038
https://doi.org/10.1073/pnas.0806560105
https://doi.org/10.1161/HYPERTENSIONAHA.114.03230
https://doi.org/10.1126/sciadv.aao4364
https://doi.org/10.1186/s13148-019-0676-3
https://doi.org/10.1093/hmg/ddp353
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Association between famine exposure in early life and risk of hospitalization for heart failure in adulthood
	Introduction
	Methods
	Study population
	Famine definition
	Study outcomes
	Assessment of covariates
	Statistical analysis

	Results
	Characteristics of study participants
	Famine exposure and HF
	Stratification analyses

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


