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Study importance 

What is already known about this subject? 

 Emerging evidence suggests the transgenerational association of early-life exposure to 

famine with obesity. 

What are the new findings in your manuscript? 

 Maternal exposures to famine in utero and early-childhood were associated with elevated 

levels of body mass index, waist circumference, and higher risks of overweight and central 

obesity in their offspring, while paternal childhood-exposure was negatively associated with 

these measurements. 

How might your results change the direction of research or the focus of clinical practice? 

 Our results support transgenerational influence of nutritional conditions in early-life, 

indicate complex underlying biological mechanisms, and implicate the importance to improve 

maternal nutrition during gestation.   



Abstract 

 Objective: To investigate the transgenerational associations between exposure to famine 

in early-life and obesity. 

 Methods: We used the longitudinal data from the China Health and Nutrition Survey 

during 1989-2015. We included 1113 fathers and 1207 mothers (946 mother-father pairs) born 

in 1955-1966, and 1895 adult offspring. Offspring were classified into subgroups according to 

the famine exposure of their parents (unexposed, maternal exposed, paternal exposed, parental 

exposed) and exposure timing (during fetal development, childhood).  

 Results: Maternal exposure to famine in early-life was associated with elevated levels of 

body mass index (BMI), waist circumference (WC), overweight and central obesity of their 

offspring, while paternal exposure was inversely associated with these measurements. 

Compared with offspring of unexposed parents (P0M0), the maternal exposed group (P0M1) 

had higher mean BMI [by 1.3 kg/m2 (95% confidence interval: 0.3, 2.4), WC [by 1.5 cm (-1.0, 

3.9)], overweight [OR (95%CI):3.1(1.6, 6.1)] and central obesity [OR (95%CI: 1.9 (1.02, 3.7)]. 

No significant heterogeneity was observed in the associations by sex of offspring. 

 Conclusions: Fetal and early-childhood exposure to famine in parents may be associated 

with their offspring’s risk of obesity during adulthood. A better understanding of the 

transgenerational associations is important for developing strategies to reduce obesity risk in 

future generations.



Introduction 

Intrauterine malnutrition has been associated with increased susceptibility of offspring to 

non-communicable diseases (1). This transgenerational phenomenon of the developmental 

origins of health and disease (DOHaD) is supported by experimental rodent studies. In 

particular, the associations of maternal prenatal and early postnatal malnutrition with body size 

and composition of their offspring have been consistently observed (2, 3), as this early-life stage 

is a critical developmental window during which nutritional deficiency may affect the 

development of diseases in later life (4), and also in their offspring (5). 

Although experimental evidence has suggested that obesity is an intergenerational or even 

transgenerational condition (6), there is a paucity of epidemiological evidence in humans. For 

maternal exposure, most related studies observed a significant association of maternal fetal 

exposure to famine with offspring’s birthweight (7, 8) and neonatal adiposity (9). Low 

birthweight, an indicator of abnormal fetal growth and development (10), has been closely 

related to survival, health, growth and development of newborns (11), as well as obesity beyond 

childhood (12). Therefore, the association of maternal fetal exposure to famine with offspring’s 

birthweight can be used as indirect evidence for the transgenerational effect of famine exposure 

on obesity. 

Regarding paternal exposure, on the other hand, evidence is accumulating for its 

transgenerational influence. A Dutch famine study found that offspring whose fathers (but not 

mothers) were undernourished prenatally were heavier and more obese than offspring whose 

fathers and mothers were not (9, 13). Exposure to famine of grandfathers was associated with 

an increased risk of obesity and cardiovascular disease in offspring and grandchildren (14). 

Pembrey, et al (15) found that paternal grandfather's food supply was only linked to the 

mortality risk ratios of grandsons, and paternal grandmother's food supply was only associated 

with the granddaughters' mortality risk ratios, indicating a sex-specific transgenerational effect 



of nutrition in early-life. These previous studies indicate complex intergenerational and 

transgenerational inheritance patterns in humans. 

A recent study based on the China Health and Nutrition Survey data found that early-life 

exposure to the Chinese famine was associated with increased body mass index (BMI) and 

waist circumference in two consecutive generations (16). This previous study treated the 

childhood-exposed participants as unexposed, and thus, did not fully evaluate the joint effect of 

maternal and paternal exposures. 

In this study, we took advantage of the “natural experiment” of the Chinese Great Famine 

during 1959-1961 to evaluate the potential transgenerational effect of malnutrition in prenatal 

life and early childhood on obesity. Specifically, we estimated the independent and joint 

associations of maternal and paternal famine exposures with the measures of adiposity and risks 

of overweight and central obesity in their offspring. 

 

Methods 

Study design and participants 

The China Health and Nutrition Survey (CHNS) is an ongoing longitudinal household 

survey. It was initiated in 1989 and had a further nine waves in 1991, 1993, 1997, 2000, 2004, 

2006, 2009, 2011, and 2015. Details of the CHNS were described elsewhere (17). In brief, a 

multistage random cluster sampling design was adopted to ensure adequate representation. At 

each survey, participants completed a structured questionnaire on socioeconomic characteristics, 

lifestyle factors, general health, and medical history. Physical measurements and blood samples 

of participants were taken by trained health workers with a standardized protocol. The survey 

protocols and the process for obtaining informed consent for CHNS were approved by the 

institutional review committees of the University of North Carolina at Chaple Hill, the National 

Institute of Nutrition and Health, and the Chinese Center for Disease Control and Prevention. 



The data were downloaded from the website (https://www.cpc.unc.edu/projects/china) 

(accessed on 21 September 2021). 

Unlike the surveys from 1991 onwards, the 1989 survey included only preschool children 

and adults aged 20-45 years, used different stadiometers or scales for height and weight 

measurements, and did not collect information on pregnant status of women. In this study, we 

included adult participants aged ≥18 years in surveys from 1991 to 2015 whose parents 

participated in any wave of the CHNS survey, and their fathers and/or mothers were born in 

1955-66. Nine provinces were included in all waves. Three autonomous cities (Beijing, 

Chongqing and Shanghai) added since 2011 were excluded from this study. As shown in Figure 

S1, a total of 1 113 fathers, 1 207 mothers and 946 mother-father pairs born in 1955-66 were 

included in this study as F1 generation, and 1 513, 1 670 and 1 288 adult offspring respectively 

as F2 generation. 

A total of 1 895 adult offspring (3 389 observations) with at least one parent born in 1955-

66 were included in the final analyses. Among them, 1 061 had one, 440 had two, 224 had three, 

99 had four, and 77 had five or more measurements. 

 

Exposure to famine  

The Chinese Great Famine happened during 1959-1961. We first classified the parents into 

three groups according to the timing of exposure (that is, their birth year): 1) unexposed (born 

in 1963-66); exposed during 2) fetal development (born in 1959-62); and 3) childhood (born in 

1955-58), as in previous studies (18, 19). 

We then classified the offspring into subgroups according to the exposure status of their 

parents. Offspring whose parents were both born in 1955-66 were classified into four groups: 

(1) neither parent exposed to famine (P0M0); 2) father exposed only (P1M0); 3) mother 

exposed only (P0M1); and 4) both parents exposed to famine (P1M1). Offspring whose mother 

https://www.cpc.unc.edu/projects/china


or father was exposed to famine were further classified into eight groups according to exposure 

timing of their parents, as shown in Figure S2. No observation was in the group of unexposed 

father and childhood-exposed mother (p0m2), and thus the group of unexposed father and fetal-

exposed mother (p0m1) was the same as the P0M1group. In all analyses, the P0M0 group was 

used as the reference group. 

 

Anthropometric measurements 

At each survey, height (to the nearest 0.1 cm) and weight (0.1 kg) were measured using a 

calibrated beam scale and an electronic weight scale respectively in lightweight clothes without 

shoes. Waist circumference (0.1 cm, WC) was measured at the midpoint between the bottom of 

the rib cage and the top of the iliac crest at the end of exhalation. Overweight was defined as 

BMI ≥25 kg/m2. Central obesity was defined as WC>90 cm in men and >80 cm in women 

according to the World Health Organization (WHO) criteria (20). 

 

Covariates 

The covariates used in the main analyses included sex, age and birth year of offspring, and 

maternal and paternal BMI. In the sensitivity analyses, we also considered year of education, 

energy intake, physical activity, residential areas (urban/rural), and severity of famine exposure. 

The dietary assessment included three consecutive 24-h diet recalls (21). Total energy 

intake was calculated based on the amount of food consumed and the Chinese Food 

Composition Table (2002 and 2004) (22, 23). Physical activities (PA) in domestic, occupational, 

leisure, and transportation settings during a typical week were collected using a questionnaire 

(24). The level of PA was expressed as metabolic equivalent tasks (METs) based on the 

Compendium of Physical Activities. The severity of famine exposure was determined according 

to the total fertility loss from 1958 to 1965 (18, 25). 



  

Statistical analysis 

Characteristics of F1 parents and F2 offspring were compared by famine exposure of F1 

parents using ANOVA (for continuous measures) and Chi-square tests (for categorical 

measures). 

We first compared the mean level and 95% confidence interval (CI) of BMI and WC by 

sex using linear regression models with adjustment for birth year and age at measurement. We 

tested the interactions of parental famine exposures with sex to assess whether their associations 

with offspring BMI and WC differed between men and women. As the interaction terms were 

non-significant, we then evaluated the associations for both sexes combined. 

To assess how trajectories of BMI and WC differed by famine exposure group, we applied 

cubic spline models to capture the non-linear curves of age-related changes in BMI and WC. 

We adopted three-level models with a random intercept adjusting for sex and birth year of 

offspring, maternal and paternal BMI, and the birth year of the mother (in analysis of paternal 

famine exposure) and father (in analysis of maternal exposure). Measurements were level-1 

units, clustered within offspring (level-2), which were further clustered within households 

(level-3, as siblings were correlated). The number of knots (k) was determined according to the 

observed age - BMI and age - WC relationship and the Akaike’s information criterion of the 

models. For repeated binary outcomes (overweight and central obesity), we applied generalized 

linear mixed-effects models (GLMM) with a cubic spline function and a random intercept. We 

estimated the difference in mean BMI and WC levels (95% CIs) between each famine exposure 

group and the unexposed group. We also estimated the odds ratios (ORs, and 95% CIs) of 

overweight and central obesity for each parental famine exposure group (vs non-exposed) to 

evaluate the associations with the risk of overweight and central obesity in offspring. 

Sex, birth year, and age at measurement of offspring were adjusted in all models. Maternal 



and paternal age and BMI at the interview closest to birth of their offspring, which were defined 

as those at the most recent interview before birth of their offspring, or at the latest interview 

before pregnancy for pregnant mothers, or at the first interview for those interviewed after birth 

of their offspring, were also treated as potential confounders. There were no missing data in 

these covariates, but 1.1% (38/3389) of offspring had missing physical activity measures and 

32.8% (1112/3389) had missing or unavailable (for the 2015 survey) energy intake values. The 

missing data were handled by generating a multiple randomly imputed dataset based on the 

characteristics of the participants of each survey. However, additionally adjusting for years of 

education, energy intake and physical activity of offspring did not change the results and the 

covariates were not included in the final models. 

We repeated main analyses by (1) including only F1 parents from rural areas and their F2 

offspring; (2) restricting to F1 parents from areas suffering severe famine and their F2 offspring; 

and (3) using a lower BMI cutoff (≥24.0 kg/m2) for overweight in both sexes according to the 

Expert Consensus on Obesity Prevention and Treatment in China (26); (4) using lower sex-

specific cutoffs for overweight (≥22.5 kg/m2 in men and ≥22.8 kg/m2 for women) as Chinese 

(compared to the White population) have greater risks of obesity-related diseases for a given 

BMI (27); (5) including offspring with at least two repeated physical measurements to assess 

the impact of sample attrition, and (6) focusing on offspring whose parents were both born in 

1955-1966. 

All analyses were performed using SAS version 9.4 and R version 4.0. All tests were two-

sided. P<0.05 was considered as statistical significance. 

 

Results 

Demographics of F1 parents and F2 observations by parental famine exposure status 

As shown in Table S1, the mean age in unexposed fathers (32.2 ± 6.3 years) and in 



unexposed mothers at the interview closest to birth of their offspring (31.8 ± 6.3 years) was 

significantly lower than those in fetal-exposed (fathers: 35.6 ± 6.1 years, mothers: 34.6 ± 6.0 

years) and childhood-exposed groups (fathers: 38.5 ± 5.6 years, mothers: 38.3 ± 5.5 years). 

BMI, WC, prevalence of overweight and central obesity did not differ by famine exposure status 

in both fathers and mothers. The differences in characteristics of fathers or mothers by famine 

exposure did not change substantially among father-mother pairs who both were born in 1955-

1966. 

Presented in Table 1 are characteristics of observations for F2 offspring in adulthood 

classified by parental famine exposure. A significant difference was observed for birth year, age 

at survey, and years of education among subgroups of offspring (all p values <0.05). PA level 

was found different by parental famine exposure status in men while energy intake significantly 

differed among women (most p values <0.05). 

 

Trajectories of BMI and WC in F2 offspring by famine exposures of F1 parents 

The fitted trajectories for BMI and WC in male and female offspring showed a 

monotonically increasing pattern with age (Figure 1 and 2), and a significant interaction was 

observed between age of offspring and parental famine exposures (p for interaction <0.05). 

 

Associations of famine exposure of parents with body measurements of offspring 

As shown in Table 2, the ls-means of BMI and WC significantly differed by parental 

exposure status in male offspring. After adjusting for potential confounders, male offspring of 

childhood-exposed fathers had a significantly lower BMI and WC than those of unexposed 

groups (Table S2). Maternal exposure, on the other hand, was associated with a higher body 

measurements in offspring. 

Since no sex heterogeneity was observed in the associations of interest (all p for 



interaction >0.05), we conducted the analyses among all subjects. As shown in Table 2, 

offspring of childhood-exposed fathers had a lower BMI [β(95%CI): -0.8 (-1.6, 0.1) ] and WC 

[β(95%CI): -2.1 ( -4.1, -0.2)] than those of unexposed groups, while maternal exposure was 

associated with a higher BMI in offspring, with β (95%CI) of 0.7 (0.2, 1.3) for offspring of 

fetal-exposed mothers and 1.0 (0.2, 1.8) for offspring of childhood-exposed mothers. Combined 

analyses of parental exposure demonstrated that the group of P0M1 had a higher mean BMI 

[by 1.3 kg/m2 (95% CI: 0.3, 2.4) and WC [by 1.5 cm (95%CI: -1.0, 3.9)] than the P0M0 group. 

Compared with offspring of unexposed parents (P0M0), the groups of p0m1 and p1m2 had 

higher BMI and WC, while the group of p2m0 had lower levels of the two measurements. 

 

Associations of famine exposure of F1 parents with obesity in F2 offspring 

As presented in Table 3, the lower risks of overweight and central obesity in offspring of 

childhood-exposed fathers and the higher risks in offspring of fetal-exposed fathers or mothers 

were consistently observed in all multi-variable models. Further analysis by parental exposure 

status showed 3.1-fold (95%CI: 1.6, 6.1) odds of developing overweight in offspring of the 

P0M1 group, and 1.9-fold (95%CI:1.02, 3.7) risk of central obesity in offspring of the group 

than those in the P0M0 group. 

Stratified analysis by sex of offspring shows similar association patterns (Figure S3 and 

S4), and demonstrates 2.3-fold (95%CI: 1.05, 5.1) odds of developing overweight and 2.5-fold 

(95%CI:1.1, 5.3) risk of central obesity in male offspring of the P0M1 group, and 5.0-fold 

(95%CI:1.2, 20.7) risk of overweight in female offspring of the group than those in the P0M0 

group. However, no significant interaction was observed with sex of offspring. 

When focusing on offspring with both parents born in 1955-1966, we separated the F2 

participants by famine exposure timing of fathers, mothers and both parents, respectively. 

Similarly, the results indicated that F2 offspring of fetal-exposed mothers had higher risks of 



overweight and central obesity, while those of childhood-exposed fathers had lower risks, with 

a significant interaction between maternal and paternal exposures. With regards to famine 

exposure timing of parents, compared with the P0M0 group, the groups of p0m1 and p1m2 had 

significantly higher risks of overweight and central obesity, while the group of p2m0 

demonstrated lower risks (Figure 3). 

 

Sensitivity analyses 

Including only F1 parents from rural areas or from areas suffering severe famine, using a 

lower cutoff for overweight, or restricting to F2 offspring with at least two observations did not 

qualitatively alter the transgenerational associations of famine exposure of F1 with BMI, WC 

and risks of obesity of F2 offspring (Table S3 to S6). 

 

Discussion 

In this study exploring the potential influence of parental exposure to the Chinese famine 

of 1958 to 1961 on body measurements of offspring based on a longitudinal study in Chinese 

populations, we found that: 1) maternal exposure to famine was associated with elevated levels 

of BMI, WC, and higher risks of overweight and central obesity in their offspring; 2) paternal 

childhood-exposure to famine, on the contrary, was found negatively associated with the body 

measurements; 3) No significant sex heterogeneity was found in transgenerational associations 

of famine exposure with offspring’s obesity. 

Our findings of positive associations of maternal exposure to famine with obesity of 

offspring are consistent with an experimental animal study (28) and a small number of 

observational studies in humans (9, 29). Using a mouse model of low birthweight produced by 

maternal caloric undernutrition during late gestation, Jimenez-Chillaron, et al (28) 

demonstrated that adiposity phenotypes could progress to offspring (F2) through the maternal 



lineage. Studies based on the Dutch famine showed that maternal prenatal exposure to famine 

was associated with the low birthweight of F2 offspring (29); the offspring of F1 women who 

were exposed to famine in utero had poor health in later life than those of unexposed F1 women 

(9). Using data from the CHNS, an ongoing large-scale longitudinal household survey, Li, et al 

(16) observed an increased BMI in older (≥25 years) or male offspring of parents exposed to 

famine. Our findings extend the previous evidence and support the potential transgenerational 

effect of maternal malnutrition in early life on offspring in the Chinese population. 

While few population studies directly investigated the transgenerational association of 

maternal prenatal malnutrition with the risk of obesity in offspring, numerous animal and 

human studies indicate that nutritional experience in early life may trigger a sex-specific 

transgenerational response along the male line (9, 13). Multiple Dutch famine studies found 

that the adult offspring of prenatal malnourished fathers were more likely to have higher body 

weights and BMIs (9, 13). Exposure to famine of grandfathers was associated with an increased 

risk of obesity and cardiovascular disease in offspring and grandchildren (14). The Överkalix 

cohorts in northern Sweden showed that grandchildren of the grandfathers who experienced 

shortage of food supply had higher prevalence of diabetes (30). The Uppsala Multi-generation 

Study suggested that paternal grandfather's food access in pre-puberty was associated with 

increased mortality risk in his male, but not female, grandchildren (31). On the basis of the 

animal data and the population studies in humans, the hypothesis of the paternal origins of 

health and disease (POHaD) was introduced in recent years (32), which proposed the pre-

conceptional origins of disease through paternal exposome. 

In this study, however, we observed smaller BMI and WC and lower risks of overweight 

and central obesity in offspring of childhood-exposed fathers after adjusting for birth year of 

offspring and exposure status of mothers, opposite to most previous studies. Plausible 

explanations for our findings are not available. It may be partly explained by the son preference 



in Chinse culture, which allowed male infants to suffer less food shortage during the severe 

famine period (33). We also for the first time observed a significant interaction between 

maternal and paternal exposures to famine on offspring obesity, demonstrating counteracting 

effect of paternal and maternal exposures on offspring’s risk of obesity. Due to the small sample 

size and limited observations in the P0M1 group, we could not exclude the possibility of chance. 

Further studies with a larger sample size are warranted to confirm our findings and explore the 

potential mechanisms. 

Indeed, potential physiological and molecular mechanisms have been proposed underlying 

the transgenerational association patterns (34). The cross-generational phenotype inheritance 

proposed by Kuzawa(35) is an updated “Thrifty phenotype hypothesis”, which points out that 

the irreversible thrift phenotype of F1 generation caused by fetal malnutrition may cause similar 

phenotype in F2 and even F3 generations (36). The transgenerational transmission of thrift 

phenotype has been supposed through programmed changes in nutrient metabolism 

physiologically (37) and by epigenetic modification in specific genes molecularly (38). Both 

human and animal studies show that prenatal adverse environments might largely induce 

alternations in DNA methylation that can be inherited to next generations (39, 40), and thus 

affecting the development of offspring prenatally (41) and resulting in long-lasting consequence 

for adult offspring (42). A previous study indicated that persistent changes in DNA methylation 

by prenatal famine exposure depended on the sex of the exposed individual (43), which may 

help to explain the opposite associations of maternal and paternal exposure with their 

offspring’s body size. 

Regarding the transgenerational influence of adverse early-life exposures by sex of 

offspring, most previous studies observed significant sex-specific effects (15). Based on the 

CHNS survey data, Li, et al (16) found a significant association of early-life exposure of 

mothers and/or fathers with BMIs of male offspring, but not with BMIs of female offspring. In 



this study, however, we did not observe significant sex-specific transgenerational associations. 

The different results of the current study from the previous report derived from a similar survey 

data may be accounted by the heterogeneous effects of maternal and paternal exposures. In Li’s 

report, famine exposure of F1 participants in early life included both maternal and paternal 

exposures (16), while in our study the effect of maternal and paternal exposures were evaluated 

independently and jointly. 

The main strength of the study is the large-scale longitudinal survey covering most regions 

of China, ensuring the representation of our sample. Second, the classification by famine 

exposure status and timing of mothers, fathers and both provide us an opportunity to evaluate 

the independent and joint effects of maternal and parental exposures prenatally and early 

postnatally. Finally, we adjusted multiple confounders including birth year and age at survey of 

offspring, age and BMI of mothers and fathers at first interview, and other related factors, 

minimizing their potential confounding effect. 

This study has several limitations. First, the famine exposure was defined based on birth 

year of F1 parents, which may have led to non-differential misclassification bias and thus 

underestimated associations investigated in this study. Second, the small number of 

observations of offspring in several subgroups classified by parental famine exposure status and 

exposure timing limited our ability to evaluate the transgenerational associations more deeply. 

Third, residual confounding bias could still exist for the complexity of observational study. 

Nonetheless, we adjusted for birth year of offspring in all models to decrease the secular effects, 

and for age at survey to reduce the bias that may result from the inconsistencies of age in each 

group. Considering the statistical power, the unlikeliness of years of education, energy intake 

and PA level as confounders, and the unchanged results by additionally adjusting for the factors, 

we reported the results derived from the model not including these covariates. Moreover, the 

age of F2 offspring included in this study ranged from 18 to 40 years, which are not the peak 



ages for obesity. A long-term follow-up is needed to provide enough statistical power and enable 

us to evaluate the impact of famine exposure on offspring’s obesity in later adulthood. Finally, 

we did not take the weight of sampling of the CHNS into consideration, selection bias is 

possible. However, the presentation of the samples may only influence the external validity of 

our results but not the internal validity. 

 

Conclusion 

In conclusion, this exploratory analysis demonstrates transgenerational associations of 

parental famine exposure in early life with offspring’s obesity in adulthood. Our findings 

provide evidence that nutritional conditions in early life in one generation may influence 

phenotype in subsequent generations, and indicate complex biological mechanisms underlying 

the phenomenon. The findings that maternal exposure to famine may increase the risk of obesity 

in offspring suggest that early-life exposure to the Chinese Great Famine may have contributed 

to the epidemic of obesity in young generations in China, and indicate that improving maternal 

nutrition during gestation may have a profound impact on their offspring, through which the 

burden of obesity-related diseases in Chinese populations can be reduced. 
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Figure Legends 

Figure 1 Fitted trajectories for body mass index (BMI) of adult offspring by parental exposure 

to famine 

Offspring more than 30 years excluded from the fitting due to their unbalanced distributions by parental exposure status.  

The BMI (kg/m
2
) trajectories fitted by a linear mixed effect model with fixed effect given by a cubic spline for age (years), and 

with participant-specific random intercept. All p values for interaction with age<0.05. 

F0: unexposed fathers, F1:fetal-exposed fathers, F2: childhood-exposed fathers; M0: unexposed mothers, M1: fetal-exposed 

mothers, M2: childhood-exposed mothers; P0M0, neither parents exposed to famine, P0M1, maternal exposed only, P1M0, 

paternal exposed only, P1M1: both parents exposed to famine. 

 

Figure 2 Fitted trajectories for waist circumference (WC) of adult offspring by parental 

exposure to famine 

Offspring more than 30 years excluded from the fitting due to their unbalanced distributions by parental exposure status.  

The WC (cm) trajectories fitted by a linear mixed effect model with fixed effect given by a cubic spline for age (years), and 

with participant-specific random intercept. All p values for interaction with age<0.05. 

F0: unexposed fathers, F1:fetal-exposed fathers, F2: childhood-exposed fathers; M0: unexposed mothers, M1: fetal-exposed 

mothers, M2: childhood-exposed mothers; P0M0, neither parents exposed to famine, P0M1, maternal exposed only, P1M0, 

paternal exposed only, P1M1: both parents exposed to famine. 

 

Figure 3 Associations of famine exposures of F1 parents with the risk of overweight and central 

obesity in F2 offspring whose fathers and mothers were both born in 1955-1966 

a P0M0, neither parents exposed to famine; P0M1, maternal exposed only; P1M0, paternal exposed only; P1M1: both parents 

exposed to famine. b p0m1: unexposed father and fetal-exposed mother, p1m0: fetal-exposed father and unexposed mother, 

p1m1: both parents fetal-exposed to famine, p1m2: fetal-exposed father and childhood-exposed mother, p2m0: childhood-

exposed father and unexposed mother, p2m1: childhood-exposed father and fetal-exposed mother, p2m2: both parents 

childhood-exposed to famine. 

All OR (95%CI) derived from multivariable-adjusted generalized linear mixed-effects models with a spline for the age-outcome 

relation adjusted for sex and birth year of offspring, maternal and paternal age and BMI at the interview closest to birth of their 

F2 offspring, and additionally for birth year of mothers in analysis by paternal exposure and for birth year of fathers in analysis 

by maternal exposure.   
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