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A b s t r a c t 

Introduction: Many studies have found that famine exposure in early life 
was associated with higher prevalence of hypertension, but the results re-
main controversial. The aim was to examine the association of early life 
exposure to famine with hypertension in adulthood.
Material and methods: The cross-sectional study enrolled about 100,000 
adults from Guangdong province, China, who were born between 1 Octo-
ber 1952 and 30 September 1964. Participants were classified as non-ex-
posed, fetal exposed, early-childhood exposed, mid-childhood exposed, and 
late-childhood exposed group according to birth data. Multivariable logistic 
regression, subgroup analysis, and sensitivity analysis were used to esti-
mate the odds ratios (ORs) and confidence intervals (CIs) for the association 
between famine exposure and hypertension. 
Results: Among the 28,804 participants, the prevalence of hypertension 
in non-exposed, fetal, early-childhood, mid-childhood, and late-childhood 
exposed groups were 2686 (41.2%), 1777 (44.5%), 2998 (49.0%), 3196 
(51.1%), 3192 (53.9%), respectively. Compared with the non-exposed group, 
the fully adjusted ORs of subjects exposed to the famine in the fetal, ear-
ly-childhood, mid-childhood and late-childhood exposed groups were 1.10 
(95% CI: 0.97–1.24, p = 0.143), 1.23 (95% CI: 1.10–1.37, p < 0.001), 1.39 
(95% CI: 1.24–1.55, p < 0.001), and 1.55 (95% CI: 1.38–1.73, p < 0.001), re-
spectively (p for trend < 0.001), and for the age-balanced group it was 1.37 
(95% CI: 1.13–1.59, p < 0.001). Subgroup analyses showed that the effect 
of famine on hypertension was more pronounced in women and in the rural 
and overweight population.
Conclusions: Exposure to famine at any stage in childhood, but not in the 
fetal stage, was significantly associated with higher prevalence of hyperten-
sion in adults, especially in women and in the rural and overweight popu-
lation.
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Introduction

Hypertension is one of the most common preventable and controlla-
ble chronic diseases and the major leading cause of cardiovascular dis-
eases (CVDs) and death worldwide, especially in developing countries, 
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including China [1]. Despite numerous measures 
being implemented, the prevalence of hyperten-
sion in China is still gradually rising [2]. It has been 
found that a number of factors including obesity 
[3], chronic stress [4], insomnia [5], smoking [6], 
noise and air pollution exposure [7] may signifi-
cantly increase the risk of hypertension, but the 
related risk factors of hypertension have not been 
fully elucidated. Although hypertension is a com-
plex entity, it is now generally believed that hyper-
tension is related to both environmental factors 
and genetics [8]. Importantly, studies have also 
demonstrated that dietary intake of sodium, po-
tassium, and magnesium is associated with high 
blood pressure [9], as well as malnutrition [10].

Nutritional and dietary deficiencies are among 
the manifestations of famine. Numerous previous 
studies have demonstrated that famine exposure 
was closely related to the occurrence of a  large 
number of CVDs, including hypertension [11, 12]. 
The Dutch famine provided evidence that nutri-
tional deficiencies in the maternal diet during 
pregnancy were associated with the high preva-
lence of later hypertension among male but not 
female individuals [13]. The Biafran famine sug-
gested that undernutrition in the fetal and infant 
stages was correlated with hypertension in adult-
hood [14]. The Great Chinese Famine (1959–1961) 
indicated that famine exposure at the fetal stage 
may be associated with an increased risk of hy-
pertension in adults only among the female popu-
lation [15]. Previous studies have also shown that 
there was no gender difference in the relationship 
between famine exposure during early life and 
high prevalence of hypertension in adulthood [16, 
17]. In addition, a 22-year cohort study found in 
subjects with general or abdominal obesity that 
famine exposure was associated with a lower risk 
of hypertension [18]. The relationship between 
famine exposure in early life and hypertension in 
adulthood is still controversial. 

Therefore, the aim of this study was to explore 
the relationship between famine exposure in fe-
tuses and childhood and the development of hy-
pertension in adulthood.

Material and methods

Study design 

Participants in the present study were from the 
Early Screening and Comprehensive Intervention 
Program for High Risk Population of CVD, an es-
sential part of the China-PEACE (Patient Cantered 
Evaluative Assessment of Cardiac Events) Million 
Persons Project of Guangdong province between 
1 January 2017 and 31 December 2018, China. 
The Early Screening and Comprehensive Inter-
vention Program for High Risk Population of CVD 
was an ongoing prospective population-based 
national survey in China, details of which have 
been previously described [19, 20]. Briefly, a total 
of about 100,000 individuals were recruited from 
Guangdong province between 1 January 2017 and 
31 December 2018 for the Early Screening and 
Comprehensive Intervention Program for High 
Risk Population of CVD. In the present study, indi-
viduals born between 1952/10/1 and 1964/9/30 
and diagnosed with hypertension during the time 
of the survey were enrolled. Individuals without 
exposure to famine and missing blood pressure 
data were excluded. In addition, as the exact tim-
ing of the start and end of the famine in China 
was unclear, individuals who were born between 
1958/10/1 to 1959/9/30 and 1961/10/1 to 
1962/9/30 were also excluded to minimize mis-
classification. Finally, a total of 28,804 participants 
were enrolled for analysis (Figure 1). The research 
protocol was approved by the Ethics Committee 
of Guangdong Provincial People’s Hospital (No. 
GDREC2016438H (R2)) and all participants signed 
informed consent.

Definition of famine exposure and grouping 

Since China experienced the Great Famine for 
three years, from 1959 to 1961, most participants 
born in 1962 might have experienced the famine 
during fetal development [21]. Therefore, accord-
ing to previous studies [16, 22], participants were 
categorized into five groups according to their 
date of birth: (1) no exposure group (1962/10/1–
1964/9/30): n = 6517; (2) fetal exposure group 
(1959/10/1–1961/9/30): n = 3989; (3) early-child-
hood exposure group (1956/10/1–1958/9/30): 
n = 6123; (4) mid-childhood exposure group 
(1954/10/1–1956/9/30): n = 6252; (5) late-child-
hood exposure group (1952/10/1–1954/9/30):  
n = 5923.

Assessment of hypertension

According to our previously reported study [20], 
a face-to-face interviewer questionnaire was per-
formed and blood pressure was measured twice 
for each participant in a  seated position after  Figure 1. Research flow chart

The Early Screening and Comprehensive Intervention 
Program for high risk population of cardiovascular  

disease in Guangdong between 2017–2018 (N = 96110)

Exclusion: data of birth 
does not correspond to 
famine exposure time  

(n = 67300);  
missing blood pressure 

(n = 6)

Enrolled (n = 28804)
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5 min of rest by using an electronic blood pressure 
monitor (Omron HEM-7430; Omron Corp) on the 
right upper arm, with a  1-minute delay between 
measurements. If 2 consecutive systolic blood 
pressure readings exceeded 10 mm Hg, a  third 
measurement was required, and the average of 
the last 2 readings was used. Several affirmative 
questions were asked to determine whether the 
patient had a history of hypertension: “Have you 
ever been told by a  doctor or other health care 
professional that you had hypertension, also called 
high blood pressure?” and “Are you now taking 
prescribed medication for high blood pressure?” 
The diagnostic criteria for hypertension must meet 
at least one of the following criteria: self-reported 
taking antihypertensive medication or being diag-
nosed with hypertension by a  doctor or average 
systolic/diastolic blood pressure ≥ 140/90 mm Hg 
measured in a sitting position [23].

Assessment of covariates

A trained investigator collected relevant infor-
mation on each participant by the face-to-face 
method. The demographic information mainly 
comprised gender, birth data, region, education 
and income level and marriage status. Histories 
of personal diseases including stroke, diabetes, 
hypertension and coronary heart disease were 
taken. Lifestyle behaviors including current smok-
ing and drinking were recorded. Standing height 
and body weight were also measured by trained 
investigators. Body mass index (BMI) was cal-
culated based on weight (kilograms) divided by 
height (meters squared), and BMI ≥ 25  kg/m2  
was defined as overweight [24]. In addition, 
morning fasting blood was used to detect blood 
sugar, blood lipids (total cholesterol, triglyceride, 
low-density lipoprotein cholesterol and high-den-
sity lipoprotein cholesterol).

Statistical analysis

All continuous variables were presented as 
mean ± standard deviation, and categorical vari-
ables were presented as numbers or percentages. 
Comparison of baseline data between different 
famine-exposed groups was made using the anal-
ysis of variance for continuous variables, c2 tests 
for categorical variables, and the Wilcoxon rank 
sum test for ordinal variables as appropriate. Age 
adjustment did not improve the estimation be-
tween famine exposure and hypertension, as the 
dates of birth of the five famine-exposed groups 
did not overlap [25]. To control the effect of age 
difference on the relationship, we generated an 
age-balanced (the average age of famine exposure 
groups) control group for the fetal-exposed group 
by combining non-exposed, early-childhood ex-

posed, mid-childhood exposed, and late-childhood 
exposed groups according to a previous study [26]. 
The hypertension risk was compared between 
the fetal-exposed group and age-balanced control 
group with a  logistic model, and used the no ex-
posure group as the reference. Crude and adjusted 
odds ratio (OR) and 95% confidence interval (CI) 
values were estimated to assess the relationships 
between famine exposure and hypertension. With 
the unexposed group as a control, univariable and 
multivariable logistic regression analyses were 
used to estimate the ORs and 95% CIs for the re-
lationship between famine exposure and hyper-
tension. In model I, no covariate was adjusted. In 
model II, age, gender, region, education, income, 
smoking, drinking, body mass index, low-density 
lipoprotein cholesterol, diabetes, stroke and coro-
nary heart disease were all adjusted.

Subgroup analysis included gender (male or fe-
male), region (urban or rural) and BMI (≥ 25.0 kg/m2  

or < 25 kg/m2). Interactions were used to assess 
the role of each subgroup in the relationship be-
tween famine exposure and hypertension. Sensi-
tivity analysis was based on the Seventh Report of 
the Joint National Committee on Prevention, De-
tection, Evaluation, and Treatment of High Blood 
Pressure (the JNC 7 report) diagnostic criteria for 
hypertension: previously diagnosed by a special-
ist with hypertension or taking antihypertensive 
drugs in the past 2 weeks based on self-report, or 
systolic/diastolic blood pressure ≥ 130/80 mm Hg  
[27]. A  two-sided p < 0.05 was considered sta-
tistically significant. All statistical analyses were 
performed using R version 3.3.2 (R Foundation for 
Statistical Computing, Vienna, Austria) and SPSS 
version 19.0 (IBM, Armonk, NY, USA).

Results

Characteristics of participants by early life 
stage of exposure to the Chinese Great 
Famine 

The baseline characteristics of the partici-
pants are summarized in Table I. A total of 28,804 
subjects (11,025 male and 17,779 female) with 
a mean age of 59.63 ±3.75 years were included. 
Among all the 28,804 participants, the prevalence 
of hypertension in the non-exposed group, fetal 
exposed group, early-childhood exposed group, 
mid-childhood exposed group, late-childhood ex-
posed and age-balanced group was 2686 (41.2%), 
1777 (44.5%), 2998 (49.0%), 3196 (51.1%), 3192 
(53.9%) and 1406(5.7%), respectively. We found 
that age, systolic blood pressure, BMI, total choles-
terol, low-density lipoprotein cholesterol, high-den-
sity lipoprotein cholesterol, gender composition, re-
gion, history of stroke and coronary heart disease, 
education level, income level, current smoking and 
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Table I. Baseline characteristics among different famine exposure groups

Parameter Overall No expo-
sure

Fetal ex-
posure

Early 
child-
hood

Mid 
child-
hood

Late 
child-
hood

P-value Age 
balanced 

group

Number 28804 6517 3989 6123 6252 5923 24815

Age [years] 59.63 
±3.75

54.21 
±1.04

57.17 
±1.04

60.14 
±1.01

62.13 
±1.04

64.10 
±1.05

< 0.001 60.15
±1.03

SBP [mm Hg] 133.72 
±18.81

130.65 
±18.24

132.45 
±18.94

134.29 
±18.83

134.95 
±18.73

136.07 
±18.89

< 0.001 134.15 
±18.65

DBP [mm Hg] 80.22 
±11.11

80.49 
±11.36

80.02 
±11.38

80.40 
±11.09

80.08 
±10.95

80.03 
±10.84

0.052 80.15 
±11.05

BMI [kg/m2] 24.21 
±3.30

24.40 
±3.30

24.27 
±3.37

24.27 
±3.32

24.04 
±3.26

24.07 
±3.26

< 0.001 24.19
±3.28

TC [mmol/l] 5.09 
±1.26

5.04 
±1.23

5.19 
±1.27

5.11 
±1.29

5.12 
±1.27

5.03 
±1.24

< 0.001 5.07 
±1.26

TG [mmol/l] 1.68 
±0.96

1.69 
±0.98)

1.70 
±1.00

1.68 
±0.96

1.67 
±0.94

1.67 
±0.95

0.313 1.68
±0.96

HDL-C [mmol/l] 1.50 
±0.44

1.49 
±0.44)

1.52 
±0.45

1.51 
±0.45

1.51 
±0.44

1.49 
±0.43

0.003 1.50 
±0.44

LDL-C [mmol/l] 2.84 
±1.02

2.81 
±1.01)

2.91 
±1.03

2.84 
±1.02

2.88 
±1.04

2.80 
±1.02

< 0.001 2.83
±1.02

FBG [mmol/l] 6.05 
±1.78

6.02 
±1.73)

6.08 
±1.87

6.06 
±1.78

6.03 
±1.72

6.05 
±1.84

0.491 6.04 
±1.77

Gender-female (%) 17779 
(61.7)

4166 
(63.9)

2660 
(66.7)

3745 
(61.2)

3784 
(60.5)

3424 
(57.8)

< 0.001 15119
(60.9)

Urban (%) 13187 
(45.8)

2855 
(43.8)

1874 
(47.0)

2887 
(47.2)

2835 
(45.3)

2736 
(46.2)

0.001 11313 
(45.6)

Hypertension  
(≥ 140/90) (%)

13849 
(48.1)

2686 
(41.2)

1777 
(44.5)

2998 
(49.0)

3196 
(51.1)

3192 
(53.9)

< 0.001 12072
(48.6)

Hypertension (%)  
(≥ 130/80) (%)

19787 
(68.7)

4133 
(63.4)

2631 
(66.0)

4240 
(69.2)

4466 
(71.4)

4317 
(72.9)

< 0.001 17156
(69.1)

History of diabetes 
(%)

5697 
(19.8)

1230 
(18.9)

821 
(20.6)

1245 
(20.3)

1210 
(19.4)

1191 
(20.1)

0.119 4876
(19.6)

History of stroke (%) 215 
(0.7)

30 
(0.5)

22 
(0.6)

46 
(0.8)

60 
(1.0)

57 
(1.0)

0.002 193
(0.78)

History of coronary 
heart disease (%)

295 
(1.0)

47 
(0.7)

30 
(0.8)

68 
(1.1)

72 
(1.2)

78 
(1.3)

0.004 265 
(1.07)

Education–high school 
or above (%)

6852 
(23.8)

1788 
(27.4)

1223 
(30.7)

1548 
(25.3)

1265 
(20.2)

1028 
(17.4)

< 0.001 5629 
(22.7)

Income–more than 
50k per year (%)

12648 
(43.9)

2945 
(45.2)

1805 
(45.2)

2648 
(43.2)

2758 
(44.1)

2492 
(42.1)

0.002 10843
(43.7)

Current smoking (%) 5342 
(18.5)

1132 
(17.4)

698 
(17.5)

1125 
(18.4)

1210 
(19.4)

1177 
(19.9)

0.001 4644
(18.7)

Current drinking (%) 1611 
(5.6)

326 
(5.0)

205 
(5.1)

329 
(5.4)

378 
(6.0)

373 
(6.3)

0.006 1406
(5.7)

Data are presented as mean ±standard deviation or percentage. P-values are for the comparison of the difference in famine exposure 
groups. Analyzed by analysis of variance. 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,  
BMI – body mass index.

drinking were significantly different among fam-
ine-exposed groups (all p < 0.05).

Association of famine exposure in early life 
stage with hypertension in adulthood

As shown in Table II, when the non-famine ex-
posure group was used as the control, we found 

that in Model I with no confounding variables ad-
justed, the crude ORs for hypertension in adults 
from the fetal-exposed group, early-childhood 
exposed group, mid-childhood exposed group to 
late-childhood exposed group were 1.15 (95% CI: 
1.06–1.24, p = 0.001), 1.37 (95% CI: 1.28–1.47,  
p < 0.001), 1.49 (95% CI: 1.39–1.60, p < 0.001), 
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Table II. Relationship between famine exposure and hypertension based on different definition of hypertension

Variable Hypertension (≥ 140/90 mm Hg) Hypertension (≥ 130/80 mm Hg)

Model I Model II Model I Model II

OR (95% CI), p-value OR (95% CI), p-value OR (95% CI), p-value OR (95% CI), p-value

No exposure Reference Reference Reference Reference

Fetal 
exposure

1.15 (1.06–1.24)  
0.001

1.10 (0.97–1.24)
 0.143

1.12 (1.03–1.21)  
0.008

1.07 (0.92–1.25)  
0.394

Early 
childhood 
exposure

1.37 (1.28–1.47)  
< 0.001

1.23 (1.10–1.37)  
< 0.001

1.30 (1.21–1.40)  
< 0.001

1.17 (1.02–1.34)  
0.027

Mid 
childhood 
exposure

1.49 (1.39–1.60)  
< 0.001

1.39 (1.24–1.55)  
< 0.001

1.44 (1.34–1.55)  
< 0.001

1.34 (1.17–1.54)  
< 0.001

Late 
childhood 
exposure

1.67 (1.55–1.79)  
< 0.001

1.55 (1.38–1.73)  
< 0.001

1.55 (1.44–1.67)  
< 0.001

1.45 (1.26–1.68)  
< 0.001

P for trend < 0.001 < 0.001 < 0.001 < 0.001

No exposure Reference Reference Reference Reference

Age balanced 
group

1.40 (1.22–1.68)  
< 0.001

1.37 (1.13–1.59)  
< 0.001

1.37 (1.19–1.65)  
< 0.001

1.29 (1.15–1.50)  
< 0.001

Data are presented as the odds ratio (OR) and 95% confidence interval (CI). Model I with no variable adjusted. Model II with age, gender, 
region, education, income, smoking, drinking, body mass index, low-density lipoprotein cholesterol, diabetes, stroke and coronary heart 
disease adjusted. 

and 1.67 (95% CI: 1.55–1.79, p < 0.001) (p for 
trend was p < 0.001), respectively, and for the 
age-balanced group the value was 1.40 (95% CI: 
1.22–1.68, p < 0.001) compared to the non-famine 
exposure group. However, in Model II, when age, 
gender, region, education, income, smoking, drink-
ing, body mass index, low-density lipoprotein cho-
lesterol, diabetes, stroke and coronary heart dis-
ease were all adjusted, the fully adjusted ORs for 
hypertension from the fetal-exposed group, ear-
ly-childhood exposed group, and mid-childhood 
exposed group were 1.10 (95% CI: 0.97–1.24, p = 
0.143), 1.23 (95% CI: 1.10–1.37, p < 0.001), 1.39 
(95% CI: 1.24–1.55, p < 0.001), and 1.55 (95% CI: 
1.38–1.73, p < 0.001), respectively (p for trend  
< 0.001), and for the age-balanced group the val-
ue was 1.37 (95% CI: 1.13–1.59, p < 0.001).

Association of famine exposure with 
hypertension by subgroup and sensitivity 
analysis

To explore the independent effects of famine 
exposure on hypertension, subgroup analyses 
and sensitivity analyses were used. As shown in 
Table III, subgroup analysis revealed that famine 
exposure in the fetal period increased the risk of 
hypertension, but there was no statistically sig-
nificant difference between the gender and BMI 
subgroups. However, the risk of hypertension 
from famine exposure was significantly higher 
in women than in men, regardless of whether it 
was in early, middle, or late childhood. Similar 
results were also found in the rural participants 

and overweight population. Interaction analy-
sis showed there was no significant interaction 
of gender, region and BMI with famine exposure 
(all values of p-interaction > 0.05) (Table III). In 
addition, we performed a  sensitivity analysis to 
explore whether the associations of famine ex-
posure with hypertension were confounded by 
different definitions of hypertension. When using 
the JNC7 criteria definition of hypertension, it was 
still found that famine exposure in the fetal period 
had no significant effect on hypertension, while 
exposure during any stage of childhood signifi-
cantly increased the prevalence of hypertension in 
adulthood, and similar results were found in the 
age-balanced group (Table II).

Discussion

In a  large cross-sectional study of Chinese 
adults, we observed that the relationship between 
famine exposure in early life and adult hyper-
tension occurred only with respect to childhood, 
not the fetal stage. This association was stronger 
among individuals who were female, living in rural 
areas and overweight. 

In our study, we found that childhood exposure 
to famine might increase the risk of hypertension 
in adulthood among the Chinese population. Sim-
ilar findings were also confirmed in famine popu-
lations in other countries, such as the Dutch fam-
ine of 1944–1945 [13, 28] and the Biafran famine 
of 1967–1970 [13, 28]. Furthermore, the present 
study found no significant association between 
exposure to famine in the fetal period and adult 
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hypertension. This result was similar to those 
found in some previous studies [29–31]. Howev-
er, other studies also demonstrated that expo-
sure to famine during the gestation/fetal stage 
was linked with increased risk of hypertension in 
adults [29–31]. We speculated that the reasons for 
this disparate finding may be mainly due to dif-
ferences in duration of exposure, ethnicity, living 
environment and dietary patterns. Therefore we 
adjusted for covariates including age. Importantly, 
a systematic review and meta-analysis found that 
uncontrolled age differences between famine and 
post-famine births may explain the association 
between the effects attributable to famine and 
later cardiovascular endpoints [32–34]. Addition-
al analyses and reasonable controls for age were 
required for more reliable estimations of the long-
term impact of famine in China.

In subgroup analyses, we found that the asso-
ciation of famine exposure in early life and adult 
hypertension was more pronounced in females. 
Stockwell HG and Guo HJ both found that expo-
sure to famine during childhood has deleterious 
effects on adult hypertension, but the effects on 
females may be greater than that on males [35, 
36]. The potential reasons for this phenomenon 
may be as follows: Firstly, the role of estrogenic ef-
fects has been demonstrated from animal studies 
suggesting that fetal malnutrition has a  greater 
impact on the health of female animals [37]. Sec-
ondly, it was hypothesized that there is a gender 
difference in related mortality, with males tend-
ing to die earlier than females [38]. Thirdly, fam-
ine exposure may cause some epigenetic changes 
related to hypertension [39]. In addition, the tra-
ditional Chinese ideology of “preferring sons to 
daughters” may make women more vulnerable to 
famine exposure during early life. Finally, incon-
sistent results may be due to a family history of 
hypertension, or it may be that these participants 
carried hypertensive susceptibility genes.

We also found that exposure to the Chinese 
Famine in early life and the risk of hypertension 
in adulthood were more pronounced in individu-
als who lived in rural areas or were overweight as 
adults. Our findings are consistent with previous 
research [32, 40]. This may be because less food 
was available in rural areas, while being over-
weight in adulthood was itself a  significant risk 
factor for hypertension [41]. However, a  22-year 
cohort study found that famine exposure in child-
hood was associated with a  higher incidence of 
hypertension in both obese males and females, 
but famine exposure in mid- and late childhood 
was associated with a lower risk of hypertension 
only in males with normal weight [18]. At present, 
the specific mechanisms of the effect of BMI on 
the association of famine exposure with hyperten-
sion are still unclear.
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Of course, the underlying reasons for the asso-
ciation of exposure to famine in early life with hy-
pertension in adulthood are also not fully under-
stood. On the one hand, studies have found that 
famine-exposed populations were more likely to 
“catch up with growth”, thereby consuming more 
in the future and becoming overweight or obese 
[42]. On the other hand, malnutrition could lead to 
low body weight and some epigenetic change [43, 
44]. Previous studies have shown that low body 
weight and some genetic changes were strongly 
associated with high blood pressure [45, 46]. Fi-
nally, famine in early life was also associated with 
hyperuricemia [47], obesity [48], and decreased 
kidney function [49] in adulthood. It has now been 
proved that high uric acid levels, obesity and de-
creased renal function could activate the sympa-
thetic nervous system and the renin-angiotensin 
system, and may stimulate inflammatory respons-
es and lead to endothelial dysfunction [50, 51]. 
Importantly, there is now unanimous agreement 
that inflammatory activation, endothelial dys-
function and activation of the renin-angiotensin 
system are important processes in the develop-
ment of hypertension [52]. Nevertheless, more 
research is still needed to confirm the relationship 
between famine and hypertension in the future.

Study samples of sufficient size, adjusted for as 
many confounding variables as possible, and the 
application of sensitivity analysis were important 
advantages of this study. In addition, adjustment 
for age and generation of an age-balanced con-
trol group are further advantages. However, some 
shortcomings should also be noted. First, selec-
tion bias was important because only survivors 
were included in the analysis, whereas those who 
died of famine could not be assessed. Although 
there might be some selection bias and the sam-
ples were not representative of the Chinese adult 
population, this is still an important report and will 
surely add to a growing body of evidence in this 
field. Second, we defined famine by the time pe-
riod alone, which did not guarantee that the indi-
viduals had experienced famine. The lack of birth 
weight data was another defect of concern. Third, 
data on famine severity, dietary intake and eating 
patterns of each participant were missing. The lack 
of data on diet and living habits, and the fact that 
the famine intensity at the prefecture or county 
level could not be assessed, also has a certain im-
pact on the conclusions of this study. Fourth, the 
nutritional status, nutritional elements and nutri-
tional scores in infants and childhood were not 
clear. Fifth, this was a  cross-sectional study and 
could not draw causal conclusions. Sixth, the spe-
cific mechanism of the famine–hypertension rela-
tionship has not been further explored. Seventh, 
the lack of analysis and discussion of the effect of 
famine on blood pressure across generations was 

also an important shortcoming in this study. Pre-
vious studies have found that there were intergen-
erational effects of famine exposure during early 
life, and more research is needed to clarify the ef-
fect on the next generation of famine exposure in 
the future [53, 54]. In addition, although as many 
confounding variables as possible were adjusted 
in the present study, some specific variables relat-
ed to hypertension including medication history, 
family history, mental status, sleep, and uric acid 
level were unavailable. Finally, some baseline vari-
ables were self-reported by participants and there-
fore may be underestimated or overestimated.

In conclusion, we found that exposure to fam-
ine in childhood, but not in fetuses, significantly 
increased the prevalence of hypertension in adult-
hood. The effects of famine exposure in early life 
on hypertension in adulthood differed according 
to gender, living region and overweight status, 
tending to occur more in the female, rural and 
overweight population. The specific mechanisms 
of famine exposure and hypertension are still un-
clear, and more research is needed in the future. 
The present study also suggests that the preven-
tion of hypertension should start from childhood 
and more attention should be paid to nutritional 
status in early life.
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