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Prenatal malnutrition and subsequent foetal loss risk: 

Evidence from the 1959-1961 Chinese famine 

Shige Song
1
 

Abstract 

BACKGROUND 

Scientists disagree on whether prenatal malnutrition has long-term influences on 

women’s reproductive function, and empirical evidence of such long-term effects 

remains limited and inconsistent. 

 

METHODS 

Using the retrospective pregnancy history of 12,567 Chinese women collected in a 

nationally representative sample survey in 2001, this study conducted difference-in-

differences analyses to investigate the relationship between prenatal exposure to the 

1959-1961 Great Leap Forward Famine in China and the subsequent risk of involuntary 

foetal loss, including miscarriage and stillbirth, and how this relationship changes 

between the rural and urban populations. 

 

RESULTS 

Prenatal exposure to the Great Leap Forward Famine had no long-term effect on 

women’s risk of miscarriage. Such an exposure increased the risk of stillbirth among 

urban women but not among rural women. 

 

CONCLUSIONS 

The results support the foetal origins hypothesis. The significant urban-rural difference 

in the effect of prenatal famine exposure on stillbirth suggests the presence of a long-

term negative foetal origins effect and a strong selection effect caused by famine-

induced population attrition. 
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1. Introduction 

Scientists disagree on whether prenatal malnutrition has long-term influences on 

subsequent reproductive outcomes. On the one hand, the ‘foetal origins’ hypothesis and 

its straightforward extensions predict that prenatal malnutrition has a long-term 

negative influence on the female reproductive system by affecting the in utero 

development of the female foetus’ organs that are responsible for the production and 

regulation of reproductive hormones (Drake and Walker 2004; Gardner, Ozanne, and 

Sinclair 2009; Lumey and Stein 1997; Lummaa 2003). On the other hand, based on the 

evolutionary life-history regulation theory, if prenatal malnutrition is associated with 

impaired health later in life, as predicted by the foetal origins hypothesis, an enhanced 

reproductive function is likely to present as a life-history compensation (Bateson et al. 

2004; Painter et al. 2008). Both arguments are based on sound scientific theories; 

therefore the final adjudication depends on which argument is better supported by 

empirical evidence. Given the rampant poverty and malnutrition and high prevalence of 

involuntary foetal loss in many developing countries, testing the relationship between 

prenatal malnutrition and subsequent involuntary foetal loss risk is not only of 

important scientific value but also of significant policy relevance. 

Due to the legal and ethical restrictions on the use of human subjects in scientific 

research, empirical evidence on the relationship between prenatal malnutrition and 

subsequent reproductive function has mainly been derived from observational studies. 

A number of such studies showed that women’s prenatal conditions, as measured by 

their birth weight, are negatively associated with their subsequent risk of foetal loss and 

preterm birth, and positively associated with babies’ birth weight and chance of survival 

(Emanuel et al. 1992; Hackman et al. 1983; Klebanoff, Meirik, and Berendes 1989; 

Little 1987; Sanderson, Emanuel, and Holt 1995; Skjærven, Wilcox, and Magnus 

1997). However, due to the weaknesses of observational design, the causal nature of 

these findings remains unclear. More specifically, the observed association between 

women’s birth weight and their subsequent reproductive outcomes may be the result of 

the causal mechanism articulated by the foetal origins hypothesis or the result of 

inadequate control of the common determinants of both women’s birth weight and their 

reproductive outcomes that cannot be directly observed (Clarke 2005; Murnane and 

Willett 2010). 

Famine provides an ‘experiment-like’ opportunity to address this important 

question. Similar to a randomised experiment, the assignment of the famine ‘treatment’ 

condition (i.e., famine-induced malnutrition) depends on exogenous forces that are 

unrelated to individual-level processes. This similarity between randomised 

experiments and famines has important design implications and may be the main reason 

that researchers increasingly utilise famines-based design to identify the causal effects 
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of acute malnutrition when randomised experiments cannot be conducted (Chen and 

Zhou 2007; Huang et al. 2010; Song 2012; St Clair et al. 2005). However, it is 

important to emphasise the key differences between a famine-based natural experiment 

and a randomised experiment. These differences pose additional threats to the validity 

of famine-based studies that randomised experiment-based studies do not typically face, 

which may explain the conflicting results on the relationship between prenatal and 

early-life famine exposure and subsequent reproductive outcomes reported by earlier 

famine-based studies (Lumey and Stein 1997; Painter et al. 2008). 

First, in randomised experiments, the researchers have full control over both the 

intensity and duration of the treatment conditions, whereas researchers cannot control 

the intensity or duration of famines. If the famine intensity or duration varies among 

different regions or groups and such variations are not adequately measured and 

controlled for, the statistical results can be biased. Second, although sample attrition can 

sometimes cause problems in randomised experiments, it always causes serious 

problems in famine-based studies. Famine is typically associated with increased 

mortality and reduced fertility (Bongaarts and Cain 1981). If such famine-induced 

population change is not random (i.e., famine survivors are significantly different from 

those who never experienced famine because the famine ‘weeded out’ the frail 

individuals and only the strong and healthy ones survived), simple cohort comparison 

between the famine and non-famine cohorts, which is the most commonly used 

identification strategy in famine-based studies, can lead to biased results. More recent 

studies confirmed that famine-induced population attrition is likely to be non-random 

(Gorgens, Meng, and Vaithianathan 2011; Song 2010), which creates selection effects 

that may change and even reverse the estimated relationship between famine exposure 

and health outcomes (Song, Wang, and Hu 2009). 

The current study bridges this knowledge gap. Using the 1959-1961 Chinese Great 

Leap Forward Famine (GLFF) as a natural experiment and a ‘difference-in-differences’ 

(DD) method (Angrist and Pischke 2009; Meyer 1995; Murnane and Willett 2010), this 

study investigated the relationship between Chinese women’s prenatal and early-life 

exposure to acute malnutrition and subsequent risk of involuntary foetal loss, including 

miscarriage and stillbirth. The results show that ‘complete’ prenatal famine exposure 

(i.e., those whose entire in utero period, from conception to birth, occurred during 

famine) significantly increases women’s subsequent risk of stillbirth in urban areas but 

not in rural areas. By contrast, prenatal famine exposure has no significant long-term 

effect on women’s risk of miscarriage. Knowing that the GLFF-induced malnutrition 

influenced both the urban and rural populations whereas the GLFF-induced excess 

population attrition was primarily a rural phenomenon (Dikotter 2010; Lin and Yang 

2000; Peng 1987; Song, Wang, and Hu 2009), these results suggest that prenatal 
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exposure to the GLFF has both a negative foetal origins effect that increases the risk of 

stillbirth and a selection effect that ‘decreases’ the risk of stillbirth. 

 

 

2. Materials and methods 

The Great Leap Forward Famine of 1959-1961 in China, which led to over 30 million 

excess deaths and 33 million fertility losses during the three-year period (Ashton et al. 

1984; Lin and Yang 2000; Peng 1987; Yao 1999), has a number of unique features 

(Dikotter 2010; Kung and Lin 2003; Lin and Yang 2000; Peng 1987). First, it persisted 

for over three years in most parts of China, which is much longer than any other large-

scale famine in modern human history. Second, there was a significant regional 

variation in the level of malnutrition. Third, there was a drastic urban-rural difference in 

the famine-induced excess mortality. Due to its unusually long duration it is possible to 

use the GLFF to capture effects that are triggered by an extensive period of cumulative 

famine exposure (Song 2012). The significant regional variations in the levels of 

malnutrition provide an opportunity to estimate the fine-grained dose-response 

relationship between prenatal and early-life malnutrition and adult health outcomes 

(Chen and Zhou 2007). The drastic urban-rural difference in famine-induced excess 

mortality during the GLFF was not the result of the urban-rural difference in food 

market conditions, as in most other famine situations. Rather, it was the result of the 

Soviet-style state socialist system that was designed to accelerate urbanisation and 

industrialisation, especially the growth of heavy industry, at the expense of agricultural 

development and the interests of peasants (Ash 2006; Lin and Yang 2000; Wu and 

Treiman 2004). Under this type of system, urban status serves as a safety buffer that 

shields its owners from the extreme nutrition deprivation and associated adverse 

conditions that lead to starvation, regardless of the local food market conditions. 

Existing studies based on the GLFF either relied on simple cohort comparison 

(Gorgens, Meng, and Vaithianathan 2011; Li et al. 2011; Song 2009, 2010; St Clair et 

al. 2005) or DD analysis that utilised two sources of variation (Chen and Zhou 2007; 

Huang et al. 2010a; Huang et al. 2010b; Song 2013). The validity of the simple cohort 

comparison method rests on the assumption that, in the counterfactual absence of the 

famine influence, there is no cohort difference in the outcome of interest between the 

famine and non-famine cohorts. If a non-zero counterfactual cohort difference exists 

between the famine and non-famine cohorts, simple cohort comparison leads to biased 

results. If this is the case, the DD method, which rests on a weaker assumption that the 

counterfactual cohort difference between the famine and non-famine cohorts, zero or 

not, does not change between places that were under the famine influence and those that 
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were not, can be used to partial out the influence of such non-zero counterfactual cohort 

difference. 

Only one study, conducted by Song, Wang and Hu (2009), utilised all three 

sources (temporal, spatial, and institutional) of variation in the GLFF impact 

simultaneously to isolate the long-term health consequences of prenatal malnutrition. 

This study showed that famine severity, measured as the famine-induced increase in 

infant mortality, significantly increased the risk of schizophrenia among the urban 

famine cohort but not among the rural famine cohort. These two sets of DD results (i.e., 

separately for the urban and rural samples), combined with the a priori knowledge that 

the rural population suffered much higher famine-induced excess mortality than the 

urban population, suggest the presence of both a long-term negative foetal origins effect 

and a selection effect caused by the famine-induced differential excess mortality. 

The results reported by Song, Wang and Hu (2009) were based on a regression 

model that included three-way interaction between birth cohort, regional famine 

severity index, and urban-rural status. A similar model was estimated in this study as 

follows: 

 

   (
   

     
)    

               ∑              
    
      ∑      

    
      

    ∑           
        ∑         

    
          (1) 

 

In Equation (1), the probability of miscarriage or stillbirth for the     woman living 

in the     region,    , is modelled as the function of her urban-rural status,   , year of 

conception,   , the famine severity of her region,   , and all of the two-way and three-

way interactions involved. The model is estimated using a generalised estimating 

equation (GEE) method to account for the clustering effect induced by the fact that each 

woman may have experienced multiple childbirths (Zeger and Liang 1986). Separate 

models were estimated for miscarriage and stillbirth. 

A convenient way to extract quantities of interest (i.e., the DD estimates) from 

estimated regression results is through statistical simulation. After estimating the 

logistic regression model described in Equation (1), one can draw R random samples 

(e.g., R = 1,000) from the sampling distribution of model parameters, which is 

multivariate normal with mean  , the estimated coefficients vector, and variance matrix 

    , the estimated variance and covariance matrix for the estimated coefficients. 

Using these R simulated coefficient vectors, one can then produce simulated predicted 

probabilities, differences in predicted probabilities, and the associated confidence 

intervals (King, Tomz, and Wittenberg 2000; Zelner 2009). 
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For example, let         be the DD estimate of the famine effect on miscarriage 

for the 1959 urban cohort. Treating the 1964 cohort as the reference group, the DD 

estimate can be obtained through the following equation: 

 

         [(                                   )    

                                       ]   (2) 

 

in which                  ,                   ,                   and 

                  denote the predicted probabilities of having a miscarriage for urban 

women who (1) were conceived in 1959 and born in places of the maximum level of 

famine severity, (2) were conceived in 1959 and born in places of the minimum level of 

famine severity, (3) were conceived in 1964 and born in places of the maximum level of 

famine severity, and (4) were conceived in 1964 and born in places of the minimum 

level of famine severity. One can get simulated DD effects for all other cohorts by 

replacing the predicted probabilities for the 1959 cohort,                   and 

                 , with the predicted probabilities for other cohorts of choice. One can 

also get DD estimates for the rural cohorts in similar ways. 

The data used in this study come from the 2001 National Family Planning and 

Reproductive Health Survey (NFPRHS), a nationally representative sample survey 

conducted by the State Family Planning Commission of China. The survey collected 

information from 39,586 women (29,512 rural and 10,074 urban) aged 15 to 49 residing 

in family households in all 31 provincial administrative units in China through a 

stratified multistage sampling technique. All selected women were asked to provide 

their complete pregnancy history, including the year and month of pregnancy 

termination and the outcome of each pregnancy. The current analysis focused on the 

12,567 women who were conceived between 1956 and 1965 and their 25,243 

pregnancies. 

The NFPRHS data are known to be of high quality and good population coverage 

(Chen, Xie, and Liu 2007; Zhang and Zhao 2006). However, for the purpose of 

studying foetal loss, two different kinds of underreporting problem deserve further 

discussion. First, the strict one-child family planning policy in China may discourage 

people from reporting higher order births. However, given that neither miscarriage nor 

stillbirth contributes to population growth, which is what the one-child policy aims to 

regulate, women have little incentive to lie about their history of miscarriage or 

stillbirth. In addition, the NFPRHS implemented various methods to reduce the 

underreporting of pregnancy and birth. For example, the sampling plan of NFPRHS 

was designed to be representative only at the national level so that local family planning 

officials would not be held responsible if true fertility levels in their areas were higher 

than previously reported (Chen, Xie, and Liu 2007). The second kind of underreporting 
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comes from the difficulty in detecting very early pregnancies because human 

pregnancies remain virtually undetectable during their first 7-10 days, and, in some 

parts of the world, many women may not know that they are pregnant until many weeks 

or even months after conception (Wood 1994). On the one hand, this underreporting 

makes it difficult to derive a sensible estimate of the overall prevalence of foetal loss 

from self-reported pregnancy history information. On the other hand, as long as the 

underreporting does not change between cohorts and across regions systematically, it 

has little impact on the DD estimate of the famine effect on foetal loss. 

The dependent variables, miscarriage and stillbirth, were constructed from the 

retrospective pregnancy history roster and measured dichotomously. For miscarriage, 

1 = miscarriage and 0 = live birth; for stillbirth, 1 = stillbirth and 0 = live birth. 

Miscarriage is defined as spontaneous pregnancy loss before a foetus is viable outside a 

mother’s womb, whereas stillbirth refers to pregnancy loss after the foetus could have 

survived. In practice, the distinction between miscarriage and stillbirth is mainly based 

on gestational age at which the death of the foetus occurs. A miscarriage refers to an 

early foetal death that occurs before the end of the second trimester, whereas a stillbirth 

refers to a late foetal death that occurs in the third trimester. Previous studies suggest 

that miscarriage is mainly associated with genetic defects such as chromosomal 

abnormalities, whereas stillbirth is more sensitive to non-genetic environmental factors 

of both the uterine and external environment (Brown 2008; Garcia-Enguidanos et al. 

2002; Hoyert 1996). Comparisons of the results on miscarriage and stillbirth can reveal 

important information regarding the underlying mechanisms through which prenatal 

malnutrition exerts long-term influences on health and well-being. 

In the current study, temporary variation of the famine impact was measured as 

mothers’ year of conception, which was derived from the recorded information of their 

month and year of birth (i.e., by subtracting nine months from the year and month of 

birth of the child). Urban-rural residence at the time of the interview was used to 

capture the effect of the institutionalised inequality in minimum food security between 

the urban and rural Chinese populations and its shocking mortality consequences. Some 

women may have changed their place of residence between birth and the time of the 

interview. However, due to the household registration system that has been in place 

since the mid-1950s, only a highly selected minority (e.g., college graduates) could 

have crossed the urban-rural boundary, and the move was nearly always from rural to 

urban areas (Wu and Treiman 2004). The presence of a small fraction of rural-born 

women in the urban sample may lead to an estimate of the famine effect that is lightly 

biased toward the rural pattern, which should be interpreted with caution. 

A province-level famine severity index was constructed as follows: 

 

      
       

         
         

 

                       
    (3) 
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where        ,        , and         refer to the observed cohort size of the three famine 

cohorts for the     province, and        
  ,        

 , and        
  refer to the expected 

cohort size of the three famine cohorts under the counterfactual condition that the 

famine never occurred. These expected counterfactual cohort sizes were produced by 

(1) extracting the size of the 1951-1970 birth cohorts for all 30 provinces using the 

public use sample of the 1982 Chinese census data (Minnesota Population Center 

2010), (2) recoding the observed size of the 1959-1961 cohorts into missing values, and 

(3) imputing these ‘missing values’ using the multiple imputation algorithm proposed 

by Honaker and King (2010).
2
 These expected counterfactual cohort sizes are inherently 

unknown quantities, and the uncertainty involved in predicting such unknown quantities 

cannot be fully represented by a single set of imputed values. The best practice is to 

impute the missing values multiple times, conduct statistical analysis using each 

imputed data set, and then combine the results to reflect our ignorance about these 

counterfactual cohort sizes. According to Rubin (1987), the final point estimate  ̅ is the 

average of the   imputed complete-data point estimates   : 

 

     ̅  
 

 
∑   

 
       (4) 

 

The final standard error is: 

 

        √  (  
 

 
)     (5) 

 

in which the within-imputation variance   is obtained as the average of the imputed 

data variance estimates   : 

 

      
 

 
∑    

       (6) 

 

and the between-imputation variance   is obtained as: 

                                                           
2 As Honaker and King (2010) pointed out, existing multiple imputation methods do not work well with time-
series cross-section (TSCS) data structure (i.e., those with T time points for each of N cross-sectional units, as 

in the current case). The solution they proposed includes a new imputation model that allows smooth time 

trends, shifts across cross-sectional units, and correlation over time and space and a new bootstrapping-based 
expectation maximization imputation algorithm that is particularly efficient in imputing missing values with 

TSCS data structure. 
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∑ (    ̅)

  
       (7) 

 

To minimise the famine influence in generating the expected counterfactual cohort 

size, the size of the cohorts that are immediately adjacent to the three famine cohorts 

were also excluded (i.e., they did not contribute information to the imputation process). 

Summary information of the multiply imputed famine severity index is reported in 

Appendix Table A1. 

Compared to the famine severity measures used in previous studies, the new index 

has some important advantages. First, the new famine severity index is based on 

publicly available information. Second, due to the power of the multiple imputation 

statistical technique, the new index adequately accounts for the uncertainty involved in 

predicting counterfactual quantities (i.e., the size of the famine cohort without the 

famine influence) and possible measurement errors. 

In sensitivity analyses a number of other variables, including years of education, 

age at marriage, age at pregnancy termination, and pregnancy order, were also 

controlled. The addition of these control variables had little influence on the key 

coefficients and did not change the substantive conclusions. The main reason that these 

variables were not included in the main analysis is that they themselves may be 

influenced by prenatal or early-life famine exposure (Chen and Zhou 2007; Mu and 

Zhang 2010), which can potentially lead to endogeneity bias. 

All statistical estimation and simulation in this study were carried out using open 

source statistical software R (R Core Team 2012). Multiple imputation was conducted 

using user-contributed package Amelia (Honaker, King, and Blackwell 2011), and 

statistical simulation was carried out using user-contributed package Zelig (Imai, King, 

and Lau 2008). 

 

 

3. Results 

Table 1 reports the famine exposure status for the 1956-1965 conception cohorts, the 

number of women in each cohort, the number of pregnancies they had, and the 

prevalence of miscarriage and stillbirth. Both the 1956 and 1957 cohorts experienced 

early-life famine exposure but not prenatal famine exposure. The 1958 cohort 

experienced early-life famine exposure and some prenatal famine exposure at a late 

gestational age. The size of the 1958 cohort was much smaller than the two preceding 

cohorts, suggesting the fertility-inhibiting effect of the famine. Both the 1959 and 1960 

cohorts experienced early-life and full prenatal famine exposure because their entire in 

utero period, from conception to birth, occurred during the famine. The sizes of these 

cohorts were comparable to that of the 1958 cohort but much smaller than all other 
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cohorts examined. Because the 1959 and 1960 cohorts were small and had the same 

famine exposure status, the two cohorts were grouped together in the multivariate 

analysis to increase the power of the analysis. The 1961 cohort experienced prenatal 

famine exposure and some early-life exposure. It is possible that in a small number of 

regions where the famine continued until 1963 (e.g., Jilin, Sichuan), both the 1962 and 

1963 cohorts experienced partial prenatal famine exposure (at an early gestational age) 

and maybe even some early-life famine exposure. However, the overall famine impact 

was much weaker on these two cohorts than on the earlier cohorts, as evidenced by the 

difference in sizes of these cohorts. Finally, the 1964 and 1965 cohorts did not 

experience any form of famine exposure. The cohort patterns for stillbirth suggested 

that the 1957, 1958, and 1959 famine cohorts had the highest stillbirth prevalence. 

However, these three cohorts represent three distinctive combinations of prenatal and 

early-life famine exposure status, which makes it difficult to attribute the observed 

cohort pattern to famine exposure. The cohort patterns for miscarriage were even more 

obscure, suggesting that simple cohort comparison may not be adequate for revealing 

the underlying dynamics that regulate the patterns of foetal loss. 

 

Table 1: Exposure to the 1959-1961 Great Leap Forward Famine and the 

prevalence of miscarriage and stillbirth among selected conception 

cohorts 

Year of 

Conception 

Prenatal 

Famine 

Exposure 

Early-Life 

Famine 

Exposure 

N of 

Mothers 

N of 

Pregnancies 

Miscarriage 

(%) 

Stillbirth 

(%) 

1956 No Yes 1,250 2,799 3.61 1.07 

1957 No Yes 1,116 2,393 3.26 1.25 

1958 Some Yes 825 1,783 4.66 1.35 

1959 Yes Yes 954 1,915 3.12 1.24 

1960 Yes Yes 751 1,514 4.66 0.90 

1961 Yes Some 1,201 2,488 2.88 1.08 

1962 Some Some 1,779 3,437 2.55 0.75 

1963 Some No 1,545 3,005 3.09 1.06 

1964 No No 1,508 2,839 3.12 0.73 

1965 No No 1,638 3,070 3.16 1.01 

 

Table 2 reports the coefficients (log odds) of the GEE logistic regression models 

for miscarriage and stillbirth. The model includes cohort, urban-rural residence, 

province-level famine severity index, all two-way and three-way interactions among 

them, and ethnicity. None of the coefficients in the miscarriage model were statistically 

significant, suggesting that miscarriage is not influenced by famine exposure status. By 

contrast, two coefficients in the stillbirth model were statistically significant. The 
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negative coefficient for ethnic majority indicated that women from the ethnic majority 

group had a significantly lower risk of stillbirth than women from the ethnic minority 

group. The statistically significant three-way interaction term between the 1959-60 

cohort, famine severity index, and urban residence suggested that stillbirth was 

influenced by women’s prenatal famine exposure status.
3
 

 

Table 2: Coefficients (log odds) and standard errors from GEE logistic 

regression of miscarriage and stillbirth among Chinese women using 

multiply imputed data (M = 20) 

 Miscarriage Stillbirth 

Cohort 
a
 Coefficient Standard error Coefficient Standard error 

1956 0.10 0.92 0.33 0.90 

1957 -0.40 0.73 1.38 0.78 

1958 0.11 0.78 0.39 0.88 

1959-60 0.25 0.69 1.33 0.85 

1961 0.25 1.00 0.42 1.02 

1962 0.25 0.74 0.78 0.85 

1963 -0.37 0.86 -0.26 0.88 

1965 0.34 0.77 0.48 0.83 

Urban 0.50 0.86 0.24 1.30 

Famine severity (logged) -0.17 0.92 1.27 0.93 

Ethnic Majority -0.16 0.13 -0.48
*
 0.19 

Cohort × urban     

1956 × urban 0.19 1.16 0.18 1.54 

1957 × urban -1.48 1.38 -0.53 1.57 

1958 × urban -1.48 1.45 -1.19 2.25 

1959-60 × urban 0.12 1.04 -2.04 1.59 

1961 × urban 1.37 1.29 0.18 1.94 

1962 × urban -0.17 1.32 -0.20 1.64 

1963 × urban 0.54 1.38 0.74 2.62 

1965 × urban 0.20 1.16 0.08 1.99 

                                                           
3 Sensitivity analysis that excluded college graduates to reduce the effect of rural-to-urban migration yielded 

highly comparable results (available upon request). 
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Table 2: (Continued) 

 Miscarriage Stillbirth 

Cohort 
a
 Coefficient Standard error Coefficient Standard error 

Cohort × famine severity     

1956 × famine severity -0.05 1.26 0.18 1.39 

1957 × famine severity 1.44 1.20 -1.62 1.27 

1958 famine severity 1.29 1.35 0.51 1.38 

1959-60 famine severity 0.02 1.26 -1.62 1.44 

1961 famine severity -1.32 2.08 -0.41 1.64 

1962 × famine severity -0.38 1.33 -1.46 1.36 

1963 × famine severity 0.70 1.47 0.96 1.30 

1965 × famine severity 0.11 1.32 -0.30 1.23 

Urban × famine severity 0.79 1.67 -2.88 1.85 

Cohort × urban × famine 

severity 
    

1956 × urban × famine severity -0.96 2.07 1.89 1.98 

1957 × urban × famine severity 1.20 1.99 2.93 2.50 

1958 × urban × famine severity 0.70 2.71 5.29 3.62 

1959-60 × urban × famine 

severity 
-1.03 1.80 5.69

*
 2.34 

1961 × urban × famine severity -3.34 2.55 3.67 3.42 

1962 × urban × famine severity -1.53 2.56 4.32 2.61 

1963 × urban × famine severity -1.17 2.22 -0.10 6.10 

1965 × urban × famine severity -1.42 2.04 1.32 3.91 

N 24,994 
b
 24,421 

c
 

 

Note: 
a 
The reference category is the 1964 cohort. 

b
 Stillborn cases were excluded. 

c
 Miscarried cases were excluded. 

* p < 0.05, ** p < 0.01, *** p < 0.001. 

 

Table 3 reports the simulated probabilities of stillbirth for each combination of 

birth cohort, urban-rural status, and famine severity levels based on the results reported 

in Table 2 (similar simulation results for miscarriage are not presented because none of 

the effects are significant). As a continuous variable the effect of famine severity was 

evaluated at values one and three, the lowest and highest median famine severity levels 

(Appendix Table 1). The table is divided into two panels, from left to right, that report 

the simulated results for the urban sample and rural sample separately. For both the 

urban and rural samples three different types of intermediate results were reported, 

including the simulated probabilities of stillbirth at a low famine severity level for each 

cohort, the simulated probabilities of stillbirth at a high famine severity level for each 
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cohort, and the simulated DD in the probabilities of stillbirth between the high and low 

famine severity levels and between the selected cohort and the reference birth cohort. 

 

Table 3: Simulation results of the long-term famine effect on stillbirth among 

Chinese women using results obtained from the GEE logistic 

regression and multiply imputed data 

 Urban  Rural  

 Severity = 1 Severity = 3 DD Estimate  Severity = 1 Severity = 3 DD Estimate  

1956 0.008 

[0.002, 0.021] 

0.007 

[0.001, 0.020] 

0.005 

[-0.012, 0.035] 

 0.005 

[0.001, 0.013] 

0.031 

[0.012, 0.070] 

0.012 

[-0.021, 0.052] 

 

1957 0.019 

[0.003, 0.067] 

0.005 

[0.000, 0.021] 

-0.008 

[-0.063, 0.031] 

 0.016 

[0.006, 0.032] 

0.013 

[0.004, 0.029] 

-0.017 

[-0.049, 0.008] 

 

1958 0.006 

[0.000, 0.035] 

0.134 

[0.006, 0.544] 

0.134 

[-0.002, 0.542] 

 0.007 

[0.002, 0.020] 

0.042 

[0.012, 0.101] 

0.021 

[-0.018, 0.083] 

 

1959-60 0.002 

[0.000, 0.008] 

0.021 

[0.004, 0.073] 

0.025 

[0.001, 0.083] 

 0.017 

[0.006, 0.036] 

0.011 

[0.003, 0.035] 

-0.019 

[-0.052, 0.013] 

 

1961 0.011 

[0.001, 0.045] 

0.046 

[0.002, 0.204] 

0.041 

[-0.021, 0.192] 

 0.008 

[0.002, 0.022] 

0.019 

[0.005, 0.049] 

-0.003 

[-0.036, 0.034] 

 

1962 0.013 

[0.002, 0.044] 

0.016 

[0.001, 0.067] 

0.009 

[-0.033, 0.071] 

 0.009 

[0.003, 0.027] 

0.007 

[0.002, 0.018] 

-0.016 

[-0.045, 0.006] 

 

1963 0.050 

[0.000, 0.465] 

0.052 

[0.000, 0.771] 

0.008 

[-0.417, 0.692] 

 0.003 

[0.001, 0.008] 

0.041 

[0.020, 0.079] 

0.024 

[-0.006, 0.063] 

 

1964 0.007 

[0.000, 0.035] 

0.001 

[0.000, 0.008] 
--- 

 0.004 

[0.001, 0.011] 

0.018 

[0.007, 0.041] 
--- 

 

1965 0.018 

[0.001, 0.087] 

0.009 

[0.000, 0.076] 

-0.003 

[-0.082, 0.068] 

 0.007 

[0.003, 0.016] 

0.018 

[0.007, 0.037] 

-0.003 

[-0.029, 0.021] 

 

 

Note:                      (                                                             )  (                                 )  

 

Based on the DD results reported in Table 3, full prenatal famine exposure, as 

experienced by the 1959-1960 cohorts, significantly increased the risk of stillbirth 

among urban women but not among rural women. In addition, urban women born in 

1958 and 1961, which are immediately adjacent to 1959-1960, also had an increased 

risk of stillbirth, although the effects are not statistically significant. The fact that four 

consecutive cohorts of urban women who were born around the time of the GLFF, all of 

which experienced at least some prenatal famine exposure, suffered from an increased 

risk of stillbirth strongly suggests that such an increase is real and famine exposure does 

have a long-term negative effect on female reproductive function. These findings are 

similar to the results reported by Song, Wang and Hu (2009) with respect to the effect 

of prenatal famine exposure on schizophrenia. 
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4. Discussion 

The main findings of this study, i.e., (1) famine exposure does not have a long-term 

influence on women’s risk of miscarriage, and (2) complete prenatal famine exposure 

leads to a significantly higher risk of stillbirth among urban women but not among rural 

women, support the prediction of the foetal origins hypothesis regarding the 

relationship between prenatal malnutrition and subsequent reproductive outcomes. The 

contrast between miscarriage and stillbirth is informative regarding the underlying 

mechanisms of such foetal origins effects. Miscarriage is mainly associated with genetic 

defects such as chromosomal abnormalities, whereas stillbirth is more sensitive to non-

genetic environmental factors of both the uterine and external environment (Brown 

2008; Garcia-Enguidanos et al. 2002; Hoyert 1996). The findings of this study thus 

suggest that the long-term negative effect of famine exposure on female reproductive 

function is through the interaction between the genetic and environmental factors, i.e., 

prenatal malnutrition disrupts the in utero development of the female foetus’ 

reproductive organs, especially the uterus, which leads to an impaired adult uterine 

environment that is less capable of supporting foetuses. Finally, the urban-rural 

difference in the famine severity effect, which is consistent with the results on 

schizophrenia reported by Song, Wang and Hu (2009), suggests the co-existence of a 

foetal origins effect and a selection effect. Among the rural population, which suffered 

severe famine-induced excess mortality (Lin and Yang 2000; Peng 1987), the selection 

effect outweighs the negative foetal origins effect, whereas among the urban 

population, which suffered much less famine-induced excess mortality, the negative 

foetal origins effect outweighs the selection effect. Given that the majority of previous 

famine-based studies did not explicitly consider the potential influence of a selection 

effect, the results reported in the current study are particularly important and 

informative. 

The success of a famine-based natural experimental study depends on the 

characteristics of the famine and the identification strategy employed. The GLFF is 

unique in many respects, including its long duration, policy-induced significant regional 

variations in the severity of food shortage, and the drastic urban-rural difference in the 

famine-induced excess mortality caused by the institutionalised predatory rural food 

procurement policy. Some of the unique features of the GLFF and its potential for 

accumulating human-based evidence regarding the effect of acute malnutrition were 

only recently recognized. The results reported in this study suggest that the combination 

of the GLFF and the DD method creates new opportunities for a more solid causal 

understanding of the relationship between prenatal malnutrition and health and well-

being in later life by explaining some of the puzzling inconsistencies in earlier famine-

based studies. But it should be noted that the identification strategy adopted in this 
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study relies on the unique institutional settings of the Chinese society in the late 1950s 

and early 1960s. It may be useful for other studies based on the GLFF but will likely 

not be helpful in other famine contexts. 

A number of weaknesses of this study are worth mentioning. First, because the 

pregnancy history information was self-reported, very early foetal losses, which are 

typically not noticeable without specialised instruments, were not included. This 

weakness, however, is likely to influences the results regarding miscarriage but not 

stillbirth. In addition, as long as the underreporting does not change between cohorts 

and across places systematically, the DD method can further reduce its influence on the 

estimated long-term famine effect. Second, there are signs of inadequate sample size, 

especially for the stillbirth model. For example, the DD estimates of the famine effect 

on stillbirth for the 1958 and 1961 urban cohorts were of the same direction as that for 

the 1959-1960 cohort and quite large in magnitude. Power analysis shows that such 

lack of statistical significance is likely due to the relatively small size of these two 

cohorts. It is important for future research to adequately address these issues with a 

larger sample. 
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Appendix 

Table A1: Descriptive statistics of the multiply imputed province-level famine 

severity index (M=20) 

Province Mean Median Standard Deviation Minimum Value Maximum Value 

Beijing 1.16 1.17 0.13 0.90 1.40 

Tianjin 1.28 1.30 0.12 0.99 1.52 

Hebei 1.50 1.53 0.08 1.28 1.64 

Shanxi 1.27 1.27 0.05 1.19 1.37 

Neimengu 1.22 1.24 0.11 0.88 1.37 

Liaoning 1.40 1.38 0.11 1.20 1.64 

Jilin 1.26 1.28 0.07 1.10 1.37 

Helongjiang 1.21 1.20 0.07 1.11 1.36 

Shanghai 1.00 1.01 0.10 0.77 1.13 

Jiangsu 1.73 1.71 0.12 1.54 2.06 

Zhejiang 1.53 1.54 0.06 1.40 1.66 

Anhui 2.99 3.02 0.24 2.45 3.51 

Fujian 1.40 1.39 0.08 1.23 1.52 

Jiangxi 1.40 1.38 0.06 1.31 1.51 

Shandong 1.74 1.73 0.06 1.65 1.86 

Henan 2.07 2.05 0.12 1.87 2.35 

Hubei 1.62 1.61 0.11 1.38 1.79 

Hunan 1.97 1.98 0.10 1.77 2.14 

Guangdong 1.49 1.49 0.04 1.40 1.56 

Guangxi 1.75 1.73 0.11 1.50 1.95 

Sichuan 2.49 2.51 0.18 2.08 2.91 

Guizhou 2.03 1.98 0.14 1.85 2.36 

Yunnan 1.78 1.78 0.13 1.47 2.03 

Xizang 1.07 1.02 0.17 0.77 1.40 

Shaanxi 1.20 1.20 0.06 1.10 1.32 

Gansu 1.96 1.98 0.10 1.70 2.09 

Qinghai 1.90 1.86 0.25 1.38 2.32 

Ningxia 1.78 1.80 0.27 1.10 2.27 

Xinjiang 1.35 1.36 0.10 1.20 1.56 
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