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Abstract 
 

The Chinese famine lasted from the late 1950s to the early 1960s, and caused 
millions of excess deaths. The famine was more devastating in rural areas. The most 
severe period with the highest mortality rate was between 1959 and 1961. Early life 
exposure to the Chinese famine has been associated with stunting, schizophrenia, short 
labor supply, low income, and chronic diseases in adult life. In this Chapter, we reviewed 
epidemiological studies on the relationship between famine exposure in early life and risk 
of obesity, hyperglycemia, hypertension and metabolic syndrome in adulthood among 
Chinese populations. These studies were observational cohort studies that compared 
exposures to the great famine in China during fetal development, infancy, or childhood 
with nonexposed individuals. Consistent associations were observed between fetal famine 
exposure and adulthood diabetes, hypertension, and metabolic syndrome. Associations 
between fetal famine exposure and risk of obesity were consistently observed in women 
only. The associations between famine exposure in infancy and childhood with chronic 
diseases in adulthood were observed in a small number of studies. Additionally, we 
reviewed studies that addressed the associations between famine exposure in China and 
others outcomes, such as stunting and schizophrenia. 
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Introduction 
 
From 1959-1961, widespread famine raged across China [1-3]. In 1959, the grain output 

in China suddenly declined by 15% [4], and in the following 2 years, the food supply plunged 
to 70% of the levels available in 1958 (Table 1). The declining trend in grain production came 
to a halt in 1962, and only by 1966 had total grain production recovered to the 1958 output 
levels [4]. The Chinese famine claimed millions of lives in China [1-3] and has been 
categorized as the worst famine in history. The total number of premature deaths between 
1959 and 1961 has been estimated to range from 16.5 million to 30 million. The national 
death-rates were 14‰, 25‰, and 14‰ for the years of 1959, 1960, and 1961, respectively, 

which was much higher than the 11‰ national average from 1956-1958 [4-6]. At the time, 
China had an urban-biased rationing system in which urban residents were given protected 
rights to acquire certain amounts of food [7]. For this reason, the effects of the famine were 
much more devastating in rural areas than in urban areas.  
Until recently, the associations between exposure to the Chinese famine in early life and 
health in later life were not well studied. Increasingly, research has shown that early life 
exposure to the Chinese famine is associated with higher risks of schizophrenia [8], obesity 
[5,9], shorter status [10], hypertension [11,12], hyperglycemia [13], metabolic syndrome 
[14,15], short labor supply [6,16,17], low income [6], less education [16], osteoporosis [18] 
and low quality of life [19] in adulthood. In this Chapter, we reviewed studies that examined 
the effect of famine exposure in early life on risk of adulthood outcomes including obesity, 
hyperglycemia, hypertension, and metabolic syndrome in China. We also briefly reviewed 
studies that addressed the associations between famine exposure and others adulthood 
outcomes. Birth outcomes were not included in the current chapter. 

 
 

Data Sources 
 
The studies we reviewed were all observational historical cohort studies, as listed in 

Table 2. The data sources were derived from different surveys: the China Health and 
Nutrition Survey (CHNS) in nine provinces [5,6,17,20]; 2002 China National Nutrition and 
Health Survey (CNNHS) [9,12-14]; China-U.S. Collaborative Project for Neural Tube Defect 
Prevention in three provinces [12,21]; The 1987 Chinese National Disability Sample Survey 
(CNDSS) [22]; ‘Mr Os' and 'Ms Os' in Hong Kong [18,23]; Chong Qing community survey 
[19], and 2000 Population Census of China [17]. Of these surveys, two were clinical-based 
studies: one based on the annual physical examination data in Chong Qing [15,24]; the other 
based on the cases ascertained via records kept in psychiatric hospitals in An Hui [8] and 
Guang Xi [25].  

The CHNS covered nine provinces and was designed to examine the effects of health, 
nutrition, and family planning policies in China. To date, seven waves of panel surveys have 
been conducted in years 1989, 1991, 1993, 1997, 2000, 2004, and 2006 (http://www. cpc. 
unc.edu/projects/china). Some famine studies were based on one individual panel survey 
[6,16,20], while others were based on multiple surveys (1991-2000 panels) [5].  

 
 



 

Table 1. Chinese Famine Cohort 

 

Year  
1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 

Total Death Rate (‰) [4-6] 
    11.4 10.8 11.9 14.6 25.4 14.2 10.0 10.0 11.5 9.5    

Grain output 
(million tons) [4-6] 

164 167 170 184 193 195 200 170 143 148 160 170 188 195 214 218 209 

Chinese Famine     
Data Source: National Bureau of Statistics. Statistical Yearbook of China 

 
 
 
 
 
 
 
 
 
 
 
 
 



 

Table 2. Data sources and methods of the reviewed studies
* 

 
Publication 

[reference] 

Data Source Study 

Population 

(province) 

Type of 

Study 

Sample 

Size 

Famine 

Exposure 

Definitions 

Age 

Exposed 

to Famine 

Age at 

Examination 

Analysis 

Method 

Outcomes 

Studied 

St Clair et 
al. 2005 [8] 

Hospital 
records from 
1971-2001 in 
the 
psychiatric 
hospital (Wu 
Hu of An 
Hui) 

An Hui Clinical-
based  

561 695 
births  
(4 599 
cases) 

Exposure defined 
by place and date 
of birth (1959, 
1960, 1961, 
1962); Control: 
1956-1958 and 
1963-1965 
cohorts 
 

Mean: 0-3 
years 

9-42 years Comparison 
famine 
cohort with 
pre- and post-
famine 
cohorts 

Schizophrenia 

Luo et al. 
2006 [5] 

The China 
Health and 
Nutrition 
Survey 
(1991, 1993, 
1997 and 
2000) 
(CNHS) 

Guang Xi, 
Gui Zhou,  
He Nan,  
Hu Nan,  
Hu Bei,  
Jiang Su,  
Shan Dong,  
Liao Ning 
Hei Long 
Jiang  

Community-
based  

- Exposure: 1959-
1962 cohort; 
Control: 1963-
1966 cohort 

Mean: 0-3 
years 

- Difference-
in-difference 
(by region 
and date of 
birth) 

Overweight 

 
 
 
 
 



 

Publication 

[reference] 

Data Source Study 

Population 

(province) 

Type of 

Study 

Sample 

Size 

Famine 

Exposure 

Definitions 

Age 

Exposed 

to Famine 

Age at 

Examination 

Analysis 

Method 

Outcomes 

Studied 

Chen et al. 
2006 [6] 

The China 
Health and 
Nutrition 
Survey (1991 
rural) 
(CHNS) 

Guang Xi,  
Gui Zhou,  
He Nan,  
Hu Nan,  
Jiang Su, 
Hu Bei,  
Shan Dong,  
Liao Ning 

Community-
based 

1 953 Exposure: Cohort 
1957, 1958, 1959, 
1960, 1961, 
1962; Control: 
cohort 1963-1967 
and 1954-1958 

Mean 0-
4.5 years 

29-34 years Difference-
in-
difference 
(by region 
and date of 
birth) 

Height, labor 
supply and 
income  

Yang et al. 
2007 [9] 

2002 China 
National 
Nutrition and 
Health 
Survey 
(CNNHS) 

National 
(rural) 

Community-
based 

7 056 Exposure: birth 
year 1959, 1960, 
1961; Control: 
born 1964 

Mean: 0-3 
years 

41-43 Comparison 
with young 
birth 
cohorts (44-
45 years) 

BMI, 
overweight 
and obesity 

Almond et 
2007 [17] 

2000 
Population 
Census of 
China 
 

National  Community-
based  

771 Cohort 1956-
1964;  

- ~40 years Difference-
in-
difference 
(by region 
and date of 
birth) 

Education and 
labor supply 

Kin et al. 
2007 [18] 

 'Ms Os' 
(2001-2004) 

Hong Kong Community-
based 

1 826 Self-reported 
having caloric 
restriction for at 
least one year 
during childhood; 
Control: self-
reported no 
experience 

Mean: 12 
years  

65+ years Comparison 
with 
matched 
control 

Bone health 



 

Table 2. (Continued)
 

 
Publication 

[reference] 

Data Source Study 

Population 

(province) 

Type of 

Study 

Sample 

Size 

Famine 

Exposure 

Definitions 

Age 

Exposed 

to Famine 

Age at 

Examination 

Analysis 

Method 

Outcomes 

Studied 

Wang et al. 
2009 [10] 

2006-2008 
Annual 
Physical 
Examination 
Data in one 
Hospital 
(Chongqing) 

Chong Qing Clinical-
based 

17 023 Exposure: toddler 
group (1956-
1958); 
Gestational group 
(1959-1961); 
Control (1962-
1964) 

Mean: 1-5 
years for 
toddler 
group; 0-3 
years for 
gestational 
group 

~45-51 years Comparison 
with young 
birth 
cohorts 
(~42-46 
years) 

Height, BMI, 
overweight 

Fleisher et 
2009 [16] 

The China 
Health and 
Nutrition 
Survey (2006 
CHNS) 

Guang Xi, 
Gui Zhou,  
He Nan,  
Hu Nan,  
Hu Bei,  
Jiang Su,  
Shan Dong,  
Liao Ning 
Hei Long 
Jiang 

Community-
based  

771 Biological 
mothers were 
born 1952-1968 
and subjects ≥16 
years at 2006 

Mothers 
exposed at 
around 0-9 
years 

~21 years Difference-
in-
difference 
(by 
mother’s 
region 
and date of 
birth 

Education and 
labor supply 

Song et al. 
2009 [22] 

The 1987 
Chinese 
National 
Disability 
Sample 
Survey 
(CNDSS) 

National Community-
based 

294 356 Exposure defined 
by place and date 
of birth (~1958-
~1962); Control: 
Pre-famine 
(1955-~1958) 
and Post-famine 
~1962-1965) 

Mean: 0-4 
years 

22-32 years Comparison 
between 
pre-famine, 
famine and 
post-famine 
cohort 

Schizophrenia 



 

Publication 

[reference] 

Data Source Study 

Population 

(province) 

Type of 

Study 

Sample 

Size 

Famine 

Exposure 

Definitions 

Age 

Exposed 

to Famine 

Age at 

Examination 

Analysis 

Method 

Outcomes 

Studied 

Liu et al. 
2009 [24] 

Annual 
Physical 
Examination 
Data in one 
Hospital 
(Chongqing) 

Chong Qing Clinical-
based 

4 640 Exposure: by 
birth year 1959, 
1960, 1961; 
Control: born 
1962-1964 

Mean: 0-3 
years 

49, 48 and 47 
years for 
people born in 
1959, 1960 
and 1961, 
respectively. 

Comparison 
with young 
birth 
cohorts (44-
45 years) 

Fasting plasma 
glucose and 
diabetes 
mellitus 

Xu et al. 
2009 [25] 

Hospital 
records from 
1971-2001 in 
the 
psychiatric  
hospital (Liu 
Zhou of 
Guang Xi) 

Guang Xi Clinical-
based 

1 188 
233 
births 
(4974 
cases) 

Exposure defined 
by place and date 
of birth (1959, 
1960, 1961, 
1962); Control:  

born 1956-
1958 and 1963-
1965 

Mean: 0-3 
years 

9-42 years Comparison 
famine 
cohort with 
pre- and 
post- 

famine 
cohorts 

Schizophrenia 

Huang et al. 
2010 [11] 

China-U.S. 
Collaborative 
Project for 
Neural Tube 
Defect 
Prevention 
(1993-1996)  

He Bei,  
Zhe Jiang,  
Jiang Su 

- 35 025 Exposure: Cohort 
1957, 1958, 
1959, 1960, 
1961; Control: 
cohort 1962 

Mean 0-
4.5 years 

~32 years  Difference-
in-
difference 
(by region 
and date of 
birth) 

Height; BMI; 
Hypertension 
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Publication 

[reference] 

Data Source Study 

Population 

(province) 

Type of 

Study 

Sample 

Size 

Famine 

Exposure 

Definitions 

Age 

Exposed to 

Famine 

Age at 

Examination 

Analysis 

Method 

Outcomes 

Studied 

Woo et al. 
2010 [23] 

Mr Os' and 
'Ms Os' 
(2002-2003) 

Hong Kong Community-
based 

3 732 Self-reported 
having caloric 
restriction for at 
least one year 
during childhood; 
Control: self-
reported no 
experience 

Mean: 12 
years 

65+ years Comparison 
with 
matched 
control 

Self-reported-
physician-
diagnosed 
chronic 
diseases 

Li et al. 
2010, 2011 
[12-14] 

2002 China 
National 
Nutrition and 
Health 
Survey 
(CNNHS) 

National 
(rural) 

Community-
based 

7 874 Fetal exposed 
(1959.10-
1961.9); early 
childhood 
(1956.10-1958.9) 
mid-childhood 
(1954.10-1958.9) 
and late-
childhood 
(1952.10-1954.9) 
exposed; Control 
(1962.10-1964.9) 
 

Mean: 0, 3, 
5 and 7 
years old 
for fetal, 
early, mid- 
and late-
childhood 
exposed 
cohorts, 
respectively 

39-40, 41-42, 
44-45, 46-47 
and 48-49 
years old for 
control, fetal, 
early, mid- 
and late-
childhood 
exposed 
cohorts, 
respectively 

Difference-
in-
difference 
(by region 
and date of 
birth) 

Fasting plasma 
glucose, 
hyperglycemia 
and type 2 
diabetes; 
Blood pressure 
and 
hypertension; 
Metabolic 
syndrome 

 
 



 

Publication 

[reference] 

Data Source Study 

Population 

(province) 

Type of 

Study 

Sample 

Size 

Famine 

Exposure 

Definitions 

Age 

Exposed to 

Famine 

Age at 

Examination 

Analysis 

Method 

Outcomes 

Studied 

Zheng et al. 
2011 [15] 

2008 Annual 
Physical 
Examination 
Data in one 
Hospital 
(Chongqing) 

Chong 
Qing 

Clinical-
based 

5 040 fetal exposed 
(born 1960-
1961); postnatal 
exposed (born 
1957-1958); 
Control (Born 
1963-1964) 

Mean: 0-1 
years for 
fetal 
exposed and 
3-5 years 
for 
postnatal 
exposed 

47-48 years 
(fetal); 50-51 
years 
(postnatal) 

Comparison 
with young 
birth 
cohorts (44-
45 years) 

Obesity; 
Dysglycemia; 
Hypertension; 
abnormal lipid 
profiles; 
Metabolic 
syndrome 

Yang et al. 
2011 [19] 

Chong Qing 
Community 
Survey 

Chong 
Qing 

Community-
based 

1 140 Exposure: Infant 
exposed cohort 
(1957-1959); 
Fetal exposed 
cohort (1960-
1962); Control: 
Post-famine 
(1963-1965) 

Mean: 1-4 
years of 
infant 
exposed 
cohort and 
0-2 years of 
fetal 
exposed 
cohort 

~52 years of 
infant 
exposed 
cohort and 
~50 of fetal 
exposed 
cohort 

Comparison 
with the 
young 
cohort (~47 
years) 

Quality of life 
(SF36) 

Gorgens et 
al. 2012 
[20] 

The China 
Health and 
Nutrition 
Survey (1991 
rural) 
(CHNS) 

Guang Xi,  
Gui Zhou,  
He Nan,  
Hu Nan,  
Hu Bei,  
Jiang Su,  
Shan Dong,  
Liao Ning, 
Hei Long 
Jiang  

Community-
based 

3195 
families  

Exposure: Old 
famine cohort 
(1948-1956); 
Young famine 
cohort (1957-
1961); Control: 
Pre-famine 
(1938-1947) and 
Post-famine 
(1962-1971) 

Mean 0-5 
years for 
Young 
famine 
cohort and 
3-10 years 
for Old 
famine 
cohort 

37-39 years of 
parents and 
11 years of 
children 

Difference-
in-
difference 
(by region 
and date of 
birth) 

Height 

* The studies were listed by date of publication. 
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The 2002 CNNHS [9,12-14] was a nationally representative cross sectional study on 
nutrition and chronic disease. It covered 31 provinces, autonomous regions, and 
municipalities throughout China that were directly under the control of the central 
government (Taiwan, Hong Kong, and Macao were not included).  

The China-U.S. Collaborative Project for Neural Tube Defect Prevention was conducted 
by the U.S. CDC and Beijing Medical University between 1993 and 1996 [11]. The study 
covered three provinces in China: Hebei, Zhejiang, and Jiangsu. This study looked at women 
who were preparing for marriage registered, who were with the pregnancy-monitoring 
system, and who had participated in a medical examination that collected basic medical 
information and blood pressure data.  

The 1987 Chinese National Disability Sample Survey (CNDSS) [22] was a nationally 
representative survey with a special focus on adult disability. ‘Mr Os’ and ‘Ms Os’ [18,23] 
were large cohort studies on osteoporosis which consisted of 2000 Chinese men and women 
based in Hong Kong. 

 
 

Famine Exposure Definition  

and Analysis Methods 
 
Almost all studies defined famine exposure by the individual’s birth year (Table 2). 

Because there was no exact start or end date of the famine and because the study regions 
experienced the famine at different times during 1959-1961 there was no way to standardize 
the exposure across studies and to define the timing and the extent of famine. Only one study 
in Hong Kong defined famine exposure according to self-reported caloric restriction for at 
least one year during childhood [18,23]. In order to avoid misclassification, some studies 
excluded the birth cohorts in 1959 and 1962 [12-15], because it is unclear when exactly the 
famine started and ended. In Li et al’s studies [12-14], the cohort that experienced fetal 
exposure was defined as children who were born between October 1, 1959 and September 30, 
1961.  

Some studies directly compared the outcomes between children born during the famine 
(1959-1961) or children who experienced the famine during their childhood (born before 
1959) with the younger birth cohorts (born 1962-1964). In this research context, the 
comparison cohorts were roughly 2-5 years younger than the famine exposed cohorts. The 
differences might be even larger compared to the childhood exposed cohorts. Because most 
outcomes of interest were strongly age-dependent, it was difficult to distinguish the famine 
effect from the aging effect by simple comparison between cohorts. Some studies defined the 
unexposed cohort as individuals who were both older and younger than the famine-exposed 
subjects (i.e., born before and born after the famine). This comparison may introduce 
additional biases because the individuals who were born before the famine experienced the 
famine during their childhood or adolescence, which has also been associated with chronic 
diseases in adulthood also [26]. 

Some studies used a difference-in-difference analytic approach by comparing differences 
of outcomes over time between selected regions or counties exposed to severe and less severe 
famine. The severity of the famine was indirectly evaluated by the mortality rate [5,6]. The 
Chinese famine affected the whole mainland of China, but the severity varied from region to 
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region, from village to village due to variation of the natural conditions, population density, 
and local policy on food shortage [4,5]. The excess death rate for each province was used as a 
surrogate for the severity of the famine [4,5]. The excess death rate was calculated as the 
percent change in mortality rate from the mean level in 1956-1958 to the highest value during 
1959-1961. The excess death rate at the province level ranged from 15% in Tianjin to 475% 
in Anhui [4, 5].  

 
 

Glucose, Hyperglycemia, and Diabetes 
 
The association between famine exposure in early life and the risk of diabetes mellitus in 

China was firstly reported by Liu et al. [24]. Based on the annual physical examination data 
from one Hospital in Chong Qing, Liu et al. [24] observed that the mean level of fasting 
glucose was significantly higher in individuals born in 1960 than individuals born in 1962-
1964. The relative risk of diabetes mellitus was 3.33 (2.16-5.13), 3.48 (2.25-5.38), and 3.45 
(2.35-5.06) among people born in 1959, 1960, and 1961, respectively, as compared to people 
born in 1962-1964. Zheng et al. [15] then expanded upon the significant famine effect using 
odds ratios for dysglycemia in the exposed cohort. They defined dysglycemia as fasting 
plasma glucose ≥6.1 mmol/L or use of medications for diabetes, and found that men and 
women exposed to famine during fetal or postnatal period had significantly higher odds ratio 
of dysglycemia [15]. In another study, Woo et al. [23] did not observe significant associations 
between famine exposure in late childhood and diabetes risk in adulthood in Hong Kong 
Chinese. 

Using the data from the 2002 CNNHS, Li et al. [13] examined the associations between 
famine exposure in fetal life and childhood with risks of hyperglycemia and type 2 diabetes in 
adulthood using a difference-in-difference approach. A clear peak of prevalence of 
hyperglycaemia was observed during the famine period (Figure 1), where hyperglycaemia 
was defined as fasting plasma glucose ≥6.1mmol/L and/or two hours plasma glucose ≥7.8 
mmol/L and/or previously diagnosed as diabetes. For this study, the subjects were grouped 
into five exposure cohorts [13]: non-exposed cohort, fetal-exposed cohort, early-childhood 
exposed cohort, mid-childhood exposed cohort, and late-childhood exposed cohort. The mean 
ages for subjects in these cohorts were 39, 42, 45, 47, and 49 years, respectively, at the time 
of the study in 2002. In order to fully consider both the birth cohort effects (mainly the aging 
effect) and geographic differences, the five cohorts were split into severely affected famine 
areas and less severely affected famine areas, allowing the researchers to test the hypothesis 
that the famine effect was stronger in the severely affected famine areas than in the less 
severely affected famine areas [13]. Significantly higher fasting plasma glucose concentration 
was observed in the fetal-exposed cohort compared with the nonexposed cohort in severely 
affected famine areas. No difference was observed in the less severely affected area [13]. 
Subjects exposed to famine during fetal life in severely affected famine areas also had a 
higher prevalence of hyperglycemia than the non-exposed cohort. This difference was not 
significant in the less severely affected famine areas [13]. A 4-fold increase in the odds of 
hyperglycemia was found among the individuals who were born during the famine period in 
the severely affected area. The odds ratios were significantly different between the severe and 
less severe famine areas, suggesting a stronger famine effect in the severely affected famine 
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areas. The authors did not observe significant famine effects among subjects who were 
exposed to the famine during childhood [13].  

 

 
*Based on data from 2002 China National Nutrition and Health Survey; hyperglycaemia was defined as 

fasting plasma glucose ≥6.1mmol/L and/or two hours plasma glucose ≥7.8 mmol/L and/or 
previously diagnosed as diabetes. 

Figure 1. Prevalence of hyperglycemia according to birth year*. 

The adverse long term consequences of fetal exposure to famine are exaggerated in a 
nutritionally ‘rich’ environment in later life [27], because it the nutritionally robust 
environment does not match their early life environment. The concept of adaptive 
developmental plasticity indicates that the metabolic “trade-off” [28] to poor nutrition during 
fetal life induces a higher risk of hyperglycaemia in later life when exposed to a nutritionally 
“rich” environment. In Li et al’s study [13], the association between famine exposure and 
hyperglycaemia was more pronounced among people who had adopted an affluent/western 
dietary pattern or had a higher economic status [13], which provided further evidence for the 
above concept of adaptive developmental plasticity. In China, planned-food-supply lasted 
until 1978 and food variety increased remarkably after the economic reform in 1990s. Rapid 
economic improvement always parallels with unhealthy nutrition and lifestyle transitions 
including increased consumption of cooking oil, refined carbohydrates, and low physical 
activity. Such transitions may not match with the predictive adaptive response which 
individuals develop in response to starvation during the fetal period. This mismatch increases 
the risk of hyperglycaemia in adulthood. Though the relative risk was similar between current 
normal weight and overweight people, the joint effect of current BMI and famine exposure on 
the risk of hyperglycaemia indicates that the effect of famine on hyperglycaemia is stronger in 
subjects who are at an unhealthy body weight [13].  
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BMI, Overweight, and Obesity 
 
The association between Chinese famine exposure in fetal life and childhood and later 

life overweight and obesity was first reported by Luo et al. [5] using data from the CHNS 
from 1991 to 2000. The study population was divided into two groups based on the excess 
death rate of the survey provinces: the severe and less severe groups. The proportion of 
overweight among women who were born in severe famine affected provinces was 20.8% in 
the cohorts born during 1959-1962 and 9.7% in the cohorts born during 1963-1966, with a 
difference of 11.1%. The difference of overweight between the two cohorts was 2.5% in the 
less severely affected provinces with the cohort born during 1959-1962 at 18.3% and the 
cohort born during 1963-1966 at 15.8% [5]. The difference between these differences (11.1% 
vs. 2.5%) was interpreted as “the cause effect of the Chinese famine, under the assumption 
that in the absence of famine, the differences between the cohorts would not have been 
systematically different in severe and less severe provinces [5]”. Such differences were not 
found in men. 

The association between early life exposure to the Chinese famine and later life obesity 
was also reported in the 2002 CNNHS [9] and in the Chong Qing study [10, 15]. Based on the 
2002 CNNHS data, Yang et al. [9] compared the body mass index (BMI) of rural residents 
born during the famine years of 1959, 1960, 1961 with those born in 1964. The mean BMI 
and the prevalence of overweight in women were significantly higher in the three famine 
groups than in the non famine exposed group born in 1964 [9]. The prevalence of obesity in 
the 1959 and 1960 groups was also significantly higher than the control group [9]. Chong 
Qing, previously belonged to the Sichuan Province, which was a region that was severely 
affected by the famine. The excess mortality rate in Sichuan Province was 239.6% [4,5], the 
fourth severely affected province in China. Wang et al. [10] used data collected from annual 
physical evaluations from 2006 to 2008 in the Public Health Center of the First Affiliated 
Hospital of Chong Qing Medical University in Chong Qing which included 17,023 subjects 
who were born in the years from 1956 to 1964. The body weight, body mass index, and 
prevalence of overweight were significantly higher among women who were born during 
1956–1958 and during 1959–1961 as compared to women who were born after the famine 
(1962–1964). The results were further confirmed in another study in Chong Qing by Zheng et 
al. [15] who observed that BMI in women was significantly higher in both fetal and postnatal 
exposure groups and that obesity was significantly higher in the postnatal group. Such 
differences were not found in men in all above three studies. 

Huang et al’s [11] study among women based on the China-U.S. Collaborative Project 
for Neural Tube Defect Prevention study did not observe a consistent famine effect on BMI in 
adulthood. Compared to the unexposed cohort of 1963 and after correcting for age and time 
trends, BMI increased by 0.92 kg/m2 in the 1957 pre-famine cohort, but decreased by 0.3 
kg/m2 in the 1960–1961 cohorts who were exposed during pregnancy and infancy. While in 
the 'Mr Os' and 'Ms Os' studies, Woo et al. [23] observed that participants who had been 
exposed to a period of undernutrition in late childhood had higher body mass index (BMI) in 
Hong Kong Chinese. 
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Blood Pressure and Hypertension 
 
The association between famine exposure in early life and hypertension in China was 

first reported by Huang et al. [11], using data from the China-U.S. Collaborative Project for 
Neural Tube Defect Prevention. By applying the difference-in-differences approach, a 3-fold 
increase in the odds of hypertension was found among the individuals who were born in 1958 
in severely affected areas.  

The finding was then confirmed by the 2002 CNNHS [12] in which the exposure to 
Chinese famine during fetal life resulted in significantly higher systolic blood pressure and 
diastolic blood pressure and a marginally higher risk of hypertension, which was not observed 
in less severely affected famine areas.  

These associations were more pronounced in subjects who had a Western dietary pattern 
or who were overweight as adults [12].  

Zheng et al. [15] further examined the association between famine exposure and blood 
pressure in men and women separately. It was found that [15] women in fetal and postnatal 
exposed groups had a significantly higher systolic and diastolic blood pressure, and higher 
risk of hypertension, as compared to women without famine exposure. For men, systolic 
blood pressure was significantly higher in both fetal and postnatal exposed groups. No famine 
effect on diastolic blood pressure was observed in men.  

Men in the postnatally exposed group (not fetal exposure) also had a significantly higher 
prevalence of hypertension. However, Woo et al. [23] did not observe a significant 
association between famine exposure in late childhood and hypertension risk in adulthood in 
Hong Kong Chinese. 

 
 

Metabolic Syndrome 
 
As significant associations were observed in China between famine exposure and high 

risk of obesity [5, 9, 10], hyperglycemia [13], and hypertension [11,12], researchers also 
began to investigate whether fetal exposure to Chinese famine increased the risk of metabolic 
syndrome in adulthood [14].  

As presented by Li et al. [14], in severely affected areas, adults who were exposed to 
famine during fetal life had a three-fold greater risk of developing metabolic syndrome in 
later life, as compared to the nonexposed cohort. The associations were exaggerated among 
overweight people and among individuals who adopted a Western dietary pattern. The fetal 
famine exposed cohort with Western dietary behaviors later in life had a particularly high 
prevalence of the metabolic syndrome (34.6%), while the prevalence among the fetal famine 
exposed cohort with a traditional diet in later life was only 4.2%. Li et al. also observed that 
the people who experienced the Chinese famine during their early childhood also had a high 
risk of metabolic syndrome. Childhood nutritional status, particularly during the infant 
period, is another key factor that influences the propensity to develop chronic diseases in 
adulthood [27,28]. 

The association between famine exposure and metabolic syndrome was also observed in 
the study in Chong Qing. Zheng et al. [15] found that women in fetal and postnatal exposed 
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groups had a significantly higher risk of metabolic syndrome, as compared with the control 
group (odds ratio 1.87 (95% CI 1.15–3.04) and 1.50 (95% CI 1.20–1.87), respectively).  

Similar associations were not observed among men. Additionally, Zhang et al. also 
reported the famine effect on plasma lipid profiles. Women exposed to famine in China 
during fetal and postnatal periods had significantly higher levels of total cholesterol, 
especially low density lipoprotein cholesterol, during adulthood. Women exposed to famine 
during the postnatal period had a significantly higher prevalence of hypertriglyceridemia.  

 
 

Other Outcomes 
 
Schizophrenia is a common mental disorder that is associated with famine exposure 

during the early life period in China. Researchers used psychiatric hospital records from Wu 
Hu of An Hui [8] and Liu Zhou of Guang Xi [25] to collect schizophrenia cases from 1971 
through 2001. In both studies, a 2-fold increase in schizophrenia after early prenatal famine 
exposure was observed as compared with the pre- and post-famine cohort.  

However, in a cross sectional study of schizophrenia based on the 1987 Chinese National 
Disability sample [22], the association between famine exposure and higher risk of 
schizophrenia was only observed in urban populations. In the urban populations, the risk of 
schizophrenia, as diagnosed in the survey, was higher among individuals who were conceived 
or born during the 1959–1963 period, compared with individuals born before or after the 
famine. In the rural population, by contrast, the post-famine births had an increased risk of 
schizophrenia.  

Decreased growth, in terms of height, among Chinese populations who were affected by 
the great famine has consistently been observed in previous studies. Based on data from the 
CNHS 1991 in rural areas, Chen et al. [6] observed that the 1959 birth cohort survivors were 
3.03 cm shorter in adulthood.  

Huang et al. [11] confirmed this association in the China-U.S. Collaborative Project for 
Neural Tube Defect Prevention study, observing that the height of adults born in the 1958 and 
1959 cohorts was stunted by 1.7 and 1.3 cm, respectively. Wang et al. [10] expanded the 
association to a toddler exposure cohort. In female subjects, Wang et al. [10] observed that 
exposure to the famine during the toddler and gestational stages had significantly reduced the 
adulthood body height; famine reduced the adulthood body heights in male subjects who were 
exposed to famine during toddler years, but not in men who were exposed to famine during 
gestational stages.  

Gorgens et al. [20] further analyzed the CNHS 1991 data in rural areas and indicated that 
famine survivors who were exposed to the famine in the first 5 years of life are generally 
stunted between 1 and 2 cm. Similar findings have also been observed in people who had 
experienced caloric restriction for at least one year during late childhood [23].  

Famine effects on short labor supply [6, 16, 17], low income [6], low socio-economic 
status [18], less education in the first [6,18] and also the second generation were observed in 
some studies. Recent studies have also observed a significant famine effect on bone health, 
quality of life, self-reported physician-diagnosed myocardial infarction, arthritis, and back 
pain, but not depression, stroke, congestive heart disease, or angina in adulthood.  

 



 

Table 3. Main outcomes of reviewed studies
* 

 
Outcome and overall association Study Population  Reported Associations Results Main 

references 

BMI, overweight and obesity 

 
Famine effect was consistently 
observed in women. 

The China Health and Nutrition 
Survey (1991, 1993, 1997 and 
2000) (CNHS) 

The proportion of overweight among women who were 
born in severe famine affected provinces was 20.8% of the 
cohorts born during 1959-1962 and 9.7% in cohort born 
during 1963-1966, with a difference of 11.1%; while the 
difference of overweight proportion was 2.5% in less 
severe affected provinces between cohorts. Such 
differences were not found in men. 
 

+ Luo et al. 2006 
[5] 

 2002 China National Nutrition 
and Health Survey (CNNHS) 

Prevalences of overweight in women were significantly 
higher in the three famine groups and of obesity in the 
1959 and 1960 groups. Such differences were not found in 
men. 
 

+ Yang et al. 
2007 [9] 

 2006-2008 Annual Physical 
Examination Data in one 
Hospital (Chongqing) 
 

Prevalences of overweight in women were significantly 
higher in both toddler and gestational groups and of 
obesity in the toddler group only. Such differences were 
not found in men. 

+ Wang et al. 
2009 [10] 

 2008 Annual Physical 
Examination Data in one 
Hospital (Chongqing) 

BMI in women were significantly higher in both fetal and 
postnatal exposed groups and of obesity in the postnatal 
group only. Such differences were not found in men. 
 

+ Zheng et al. 
2011 [15] 

 China-U.S. Collaborative 
Project for Neural Tube Defect 
Prevention (1993-1996)  
 

BMI increased by 0.92 kg/m2 in the 1957 cohort, exposed 
from 1.5 to 4.5 y, but decreased by 0.3 kg/m2 in the 1960–

1961 cohorts, exposed during pregnancy and infancy. 

± Huang et al. 
2010 [11] 

 ‘Mr Os' and 'Ms Os' (2002-
2003) 

Participants who had been exposed to a period of 
undernutrition in late childhood had higher body mass 
index (BMI) 

+ Woo et al. 
2010 [23] 

 



 

Outcome and overall 

association 

Study Population  Reported Associations Results Main 

references 

Shorter height and stunting  The China Health and Nutrition 
Survey (1991 rural) (CHNS) 

The 1959 birth cohort survivors were 3.03 cm shorter in 
adulthood 

+ Chen et al. 
2006 [6] 

Overall negatively affect on 
height 

China-U.S. Collaborative Project 
for Neural Tube Defect Prevention 
(1993-1996)  

Height was reduced in the 1958 and 1959 cohorts by 1.7 
and 1.3 cm, respectively. 

+ Huang et al. 
2010 [11] 

 2006-2008 Annual Physical 
Examination Data in one Hospital 
(Chongqing) 

In female subjects, the famine during the toddler and 
gestational stages had significantly reduced the adulthood 
body height; famine reduced the adulthood body heights in 
male subjects who exposed to famine during toddler but not 
in men exposed to famine during gestational stages.  

+ Wang et al. 
2009 [15] 

 Mr Os' and 'Ms Os' (2002-2003) Participants who had been exposed to a period of 
undernutrition in late childhood were shorter 

+ Woo et al. 
2010 [23] 

Glucose level, hyperglycemia 

and diabetes 

 

Annual Physical Examination 
Data in one Hospital (Chongqing) 

The mean level of blood glucose was significantly higher in 
the 1960 group than in non-famine group. The odds ratio of 
type 2 diabetes was 3.33, 3.48 and 3.45 among people  

+ Liu et al. 2009 
[24] 

Overall, associated with higher 
glucose level and risk of 
hyperglycemia; results on type 
2 diabetes still be not clear. 

 
 
 
2008 Annual Physical 
Examination Data in one Hospital 
(Chongqing) 

born in 1959, 1960 and 1961, respectively, as compared 
with people born in 1962-1964. 
 
People in fetal and postnatal exposed groups had a 
significantly higher level of fasting plasma glucose and 
higher risk of dysglycemia, as compared with control group 

 Zheng et al. 
2011 [15] 

 ‘Mr Os’ and 'Ms Os' (2002-2003) 
 

Odds ratio of type 2 diabetes mellitus: 0.95 (0.76, 1.18) 
comparing exposed and non-exposed cohorts 

- Woo et al. 
2010 [23] 

 2002 China National Nutrition and 
Health Survey (CNNHS) 

 + Li et al. 2010 
[13] 

 
 
 
 
 



 

Table 3. (Continued) 

 

Outcome and overall 

association 

Study Population  Reported Associations Results Main 

references 

Blood pressure and 

hypertension 

 
Not clear in men 

China-U.S. Collaborative Project 
for Neural Tube Defect Prevention 
(1993-1996)  

Famine exposure was associated with a 3-fold increase in 
the odds of hypertension for the 1958 cohort. 

+ Huang et al. 
2010 [11] 

 2002 China National Nutrition and 
Health Survey (CNNHS) 

In severely affected famine areas, as compared to adults 
who were not exposed to famine, those exposed during fetal 
life had a significantly higher blood pressure and a 
marginally higher risk of hypertension 

+ Li et al. 2011 
[12] 

 2008 Annual Physical 
Examination Data in one Hospital 
(Chongqing) 

Women in fetal and postnatal exposed groups had a 
significantly higher level of both systolic and diastolic blood 
pressure, and higher risk of hypertension, as compared with 
women in control; For men, systolic blood pressure was 
significantly higher in both exposed groups. No famine 
effect on diastolic blood pressure was observed in men. Men 
in postnatal exposed group (not fetal exposed) also had 
significantly higher prevalence of hypertension. 

± Zheng et al. 
2011 [15] 

 ‘Mr Os' and 'Ms Os' (2002-2003) 
 

Odds ratio of hypertension:1.04 (0.89, 1.22) comparing 
exposed and non-exposed cohorts 

- Woo et al. 2010 
[23] 

Schizophrenia 

 
Overall positive association 

Hospital records from 1971-2001 
in the psychiatric hospital (Wu Hu 
of An Hui) 

The mortality-adjusted relative risk was significant for those 
born in 1960 or 1961.  

+ St Clair et al. 
2005 [8] 

 The 1987 Chinese National 
Disability Sample Survey 
(CNDSS) 

In the urban population, being conceived and born during 
the famine increased the risk of developing schizophrenia at 
early adulthood; In the rural population, however, the post-
famine cohort had the highest risk of developing 
schizophrenia. 

± Song et al. 2009 
[22] 

 Hospital records from 1971-2001 
in the psychiatric hospital (Liu 
Zhou of Guang Xi) 

Mortality-adjusted RR for schizophrenia was effect 
exclusively in rural areas but not in urban areas. 

+ Xu et al. 2009 
[25] 



 

Outcome and overall 

association 

Study Population  Reported Associations Results Main 

references 

Less education, income and 

labor supply 

The China Health and Nutrition 
Survey (1991 rural) (CHNS) 

The famine greatly impacted the labor supply and earnings 
of the survivors with famine exposure during their early 
childhood 

+ 
 

Chen et al. 2006 
[6] 

Consistent negative effect The China Health and Nutrition 
Survey (2006 CHNS) 

Early maternal famine experience is negatively related with 
a decision on high-school entrance and working hours of the 
offspring, but not on the labor force participation decision. 

+ 
 

Fleisher et al. 
2009 [16] 

 2000 Population Census of China Higher Famine intensity – as indicated by time or place of 
birth – was associated with greater risk of being illiterate 
and out of the labor force 

+ 
 

Almond et 2007 
[17] 

Metabolic syndrome 

 
Not clear in men 

2002 China National Nutrition and 
Health Survey (CNNHS) 

Exposure to the Chinese famine during fetal life or infancy 
is associated with an increased risk of metabolic syndrome 
in adulthood. 

+ Li et al.2011 
[14] 

 2008 Annual Physical 
Examination Data in one Hospital 
(Chongqing) 

Exposure to the Chinese famine during fetal life or infancy 
period was associated with higher risk of metabolic 
syndrome in adulthood of women, but not men. 

+ Zheng et 
al.2011 [15] 

Quality of life Chong Qing Community Survey People exposed to famine during fetal or infant period had 
significantly lower scores of physical function. Fetal 
exposed cohort also had significantly lower score of role 
physical and role emotional. 

+ Yang et al.2011 
[19] 

Bone Health  'Ms Os' (2001-2004) Subjects who had experienced famine have a significantly 
higher rate of developing osteoporosis than those who had 
not. 

+ Kin et al.2007 
[18] 

Cardiovascular diseases and 
arthritis et al. 

Mr Os' and 'Ms Os' (2002-2003) Participants who had been exposed to a period of 
undernutrition in late childhood had higher prevalence of 
myocardial infarct, arthritis and back pain, but not 
depression, stroke, congestive heart disease or angina 

+ Woo et al. 2010 
[23] 

*Table is ordered by number of studies in each category from largest number downwards;  
 Result column: “+” means significant association; “-” means no significant association; “±” means some results significant but not other index for same 

outcome. 
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Conclusion 
 
The exposures in those studies about China famine could be categorized to two groups: 

fetal exposure and childhood exposure to famine. Fetal exposure to China famine was 
consistently observed to increase the risk of overweight, diabetes, hypertension, and 
metabolic syndrome in adulthood, either based on simple comparison between birth cohorts 
or by applying difference-in-difference approach (Table 3). The results about exposure to 
famine in infancy and childhood and the risk of chronic diseases in adulthood were not 
consistent. Although some studies observed that early childhood (postnatal) famine exposure 
was significantly associated with higher risk of obesity, hypertension, diabetes, and metabolic 
syndrome, the aging effects were not fully taken into account in those studies. Only reduction 
in height was consistently observed in previous studies regardless to exposure period (from 
prenatal to later childhood) [6,11,15,20,23]. Further studies are needed to explore the effects 
of childhood famine exposure on common diseases in later life.  

Some studies of China famine examined the associations separately in men and in 
women. For studies that examined the association in men and women separately, some 
significantly famine effects were only found in women, but not men, such as increased BMI 
and obesity [5,9,10,15]. The associations between famine exposure and hypertension or 
metabolic syndrome in men were not consistent observed in different studies.  

Outcomes of above China studies were mainly assessed when the participants were 
around 30-50 years old. As most of the chronic diseases are aging related, the future studies 
that further evaluate those associations among the elderly populations need to be consider. 

In summary, a pattern is emerging for the relationship between fetal famine and adult 
health for some outcomes, such as obesity in women, short status, plasma glucose and 
hyperglycemia, as well as a lower educational level. For many other outcomes, study findings 
are still inconsistent. Future studies among elderly or exploring the gender difference are 
warranted. Other studies focused on the underlying mechanisms and epigenetics [26] in 
Chinese populations are also warranted.  
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