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This version: October 2017 

Reyn van Ewijk 

Maarten Lindeboom 

Abstract
War leads civilians to suffer. This can take extreme forms, such as during periods of intense violence 
or famines. But also outside of such episodes, civilians’ lives during wars can be harsh, as they suffer 
from poorer nutritional situations, stress, recessions, and sub optimally functioning health care 
systems. The more extreme types of suffering are proven to lead to a worse health among those 
prenatally exposed to them. But long-run effects of prenatal exposure to the latter circumstances have 
thus far largely been unexplored, even though in many wars more pregnant women are exposed to 
these “everyday” circumstances than to the extreme circumstances. We study the general, population-
wide effects of prenatal World War II exposure in three occupied countries: France, Belgium and The 
Netherlands, without zooming in on specific severe episodes such as the Dutch famine.  We show that 
– contrary to expectations – prenatal exposure to WWII does not lead to poorer health among the 
older population. We even find strong indications for a better health, especially among exposed 
females, but demonstrate that this is due to selective mortality among the war cohorts during 
infanthood and to selective fertility during WWII. As these selection effects are likely to be stronger 
during more extreme historical circumstances than the ones studied here, previous research on long-
term effects of such prenatal exposures may have underestimated effects. Long-run negative 
population-wide health effects from prenatal WWII exposure in France, Belgium and The Netherlands 
are absent or at most very small. 

1 Van Ewijk: Faculty of Law and Economics, Johannes Gutenberg-University Mainz, Germany. Lindeboom: 
Department of Economics, VU University Amsterdam, The Netherlands. 
We thank participants at the conference “Long-run Impacts of Early Life Events IV: Evidence from Developed and 
Developing Economics” at the University of Michigan, the “Rethinking Barker” health economics conference in 
Essen, the Heidelberg Workshop on Health Economics and Health Policy, EALE,EEA and ESPE, as well as seminar 
participants at the University of Göttingen and IZA Bonn and Stephanie van Hinke Kessler Scholder for helpful 
comments. 
This paper uses data from SHARE Waves 1, 2 and 4 (DOIs: 10.6103/SHARE.w1.500, 10.6103/SHARE.w2.500, 
10.6103/SHARE.w3.500, 10.6103/SHARE.w4.500, 10.6103/SHARE.w5.500), see Börsch-Supan et al. (2013) for 
methodological details. The SHARE data collection has been primarily funded by the European Commission 
through FP5 (QLK6-CT-2001-00360), FP6 (SHARE-I3: RII-CT-2006-062193, COMPARE: CIT5-CT-2005-028857, 
SHARELIFE: CIT4-CT-2006-028812) and FP7 (SHARE-PREP: N°211909, SHARE-LEAP: N°227822, SHARE M4: 
N°261982). Additional funding from the German Ministry of Education and Research, the U.S. National Institute 
on Aging (U01_AG09740-13S2, P01_AG005842, P01_AG08291, P30_AG12815, R21_AG025169, Y1-AG-4553-01, 
IAG_BSR06-11, OGHA_04-064) and from various national funding sources is gratefully acknowledged (see 
www.share-project.org). 
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1. Introduction 

World War II (WWII) had enormous effects on the health of the European population: battles, 

bombings raids, famines and persecutions exacted a giant toll on countless people. Yet during any 

given moment in time, most of the civilians – and particularly those in occupied countries such as 

France, Belgium, and The Netherlands – in Europe experienced neither extreme levels of violence and 

destruction, nor famines. Nevertheless, they still went through circumstances that were clearly 

adverse. Food was rationed, the economy experienced a sharp recession, individuals’ stress levels were 

often high and health care systems functioned sub optimally. A similar pattern in which most civilians 

at any specific moment in time do suffer, but do not directly experience violence or famine, applies to 

a substantial share of more recent and contemporary wars, too. 

 We know from a growing body of research that prenatal exposure to adverse circumstances 

can affect human capital and health outcomes of the prenatally exposed throughout their entire lives 

(Almond & Currie, 2011). This has been demonstrated for extreme circumstances including famines 

(Chen & Zhou, 2007; Jürges, 2013; Roseboom et al., 2000) and large-scale destruction through war-

bombings (Akbulut-Yuksel, 2014), as well as for less extreme circumstances such as fasting (Almond & 

Mazumder, 2011; Van Ewijk, 2011). This means that inferior conditions such as those resulting from 

wars might negatively affect large parts of a population until many decades later. 

This paper investigates the effects of prenatal exposure to the WWII-conditions that were 

experienced by the majority of women who were pregnant during the war in the occupied countries 

Belgium, France, and The Netherlands. We do not search for specific groups for which long-term 

effects exist. It has been proven by now that famines during WWII such as those in Greece, Leningrad 

and the western part of The Netherlands during the final war months affected the health of the 

prenatally exposed (Barber & Dzeniskevich, 2005; Neelsen & Stratmann, 2011; Scholte et al., 2015). 

Our focus, instead, is on the less extreme, but more common circumstances that have thus far largely 

been neglected. We investigate whether the later-life health of the cohorts born during the war was 

negatively affected by their exposures. Within these cohorts, we explicitly do not try to isolate specific 
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subgroups for which the WWII-exposure may or may not have been more extreme. Our focus is on 

health at older ages, and we study this using three waves of the Survey of Health, Ageing and 

Retirement in Europe (SHARE). 

In this way, we aim to show whether and how the health of current generations of elderly 

Europeans is still affected by their prenatal experience of WWII. Moreover, by focusing on less extreme 

(but still clearly adverse) conditions than those usually studied in the fetal origins literature, we aim to 

find out more about the long-term effects of more commonly experienced exposures. In contemporary 

wars, the general audience’s focus is mostly on those directly affected by violence and famines. But at 

any specific moment, most people – and of particular relevance here: most expectant women – do not 

experience such extreme conditions. Therefore, in the long run, a much larger group of people will 

have been exposed to milder forms of warlike circumstances. We know little about whether and how 

their later-life outcomes are impaired. 

One other contribution of our paper is that it is, to our knowledge, the first one to carefully 

investigate whether and how selective fertility and selective mortality may bias estimates on the long-

run effects of prenatal exposures to historical events. Selective mortality refers to the fact that some 

of the weakest individuals may not survive long enough to make it into a study’s sample. This may 

either happen directly, because mortality goes up during the historical event (in this case WWII), or 

indirectly, because the prenatal exposure leads to increased mortality rates at older ages. Selective 

fertility may take place during historical events that last a longer time, as conceptions are postponed 

or become impossible among sub groups of women. 

We show that prenatal exposure to WWII initially seems to lead to unexpected positive long-

term health effects, which however is an artifact of selective mortality and selective fertility. Once 

these two are accounted for, sizeable population-wide long-run adverse health effects can be 

excluded. Selective mortality and selective fertility are likely to have led many previous studies on long-

run effects of prenatal exposures to historical events to under estimate effects. 
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2. Previous literature 

Most literature on the long-term effects of early-life exposure to warlike circumstances focused on 

famines during WWII. Prenatal famine exposure has been linked to a wide range of health impairments 

among adults (see Lumey et al., 2011 for a review). Most of this literature comes from the field of 

epidemiology, although a few studies by economists have looked at prenatal famine exposures during 

WWII, demonstrating negative effects on education and labor market outcomes (Neelsen & 

Stratmann, 2011; Scholte et al., 2015). Akbulut-Yuksel (2014) shows that prenatal exposure to the 

intense aerial bombardments that destroyed almost half of the housing stock in German cities led to 

a wide range of health problems in adulthood. Lee (2014) finds that people who had been in utero 

during the Korean War have worse human capital and health outcomes at age 40-50. In contrast to 

our paper, Lee explicitly focuses on the most intense types of war exposures. 

Other researchers investigated the long-run effects of exposure to WWII during childhood. 

Ichino & Winter-Ebmer (2004) and Akbulut-Yuksel (2017) show that WWII-exposure on school-aged 

German children led them to receive less education and have lower incomes later in life. This is due to 

the reduced access to schools, mainly resulting from destruction by bombardments. Atella et al. (2017) 

study childhood exposure to high stress events (massacres and intense fighting) and famines in Italy in 

1943 and demonstrate negative health impacts among the elderly. Van den Berg et al. (2015) 

demonstrate long-run health effects of famines experienced during childhood. Kesternich et al. (2015) 

investigate how childhood exposure to the German famine that started shortly after the war affects 

behavioral outcomes later in life. Some other papers looked at the effects of early-life exposure to 

wars in developing countries, particularly Africa. Most of these papers focused on exposure to war 

during childhood and on intense conflict and combat exposures (Akresh, Bhalotra et al., 2012; Akresh, 

Lucchetti et al., 2012; Bundervoet et al., 2009). 

 Kesternich et al. (2014) show that exposure to WWII in childhood increases the likelihood of 

suffering from diabetes, depression, or a poor self-rated health among elderly people. Their analyses 

include people from thirteen different countries, several of which saw extreme rates of civilian 
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casualties (e.g. Germany, Poland), dispossessions (e.g. Czech Republic) or famines (e.g. Greece, post-

war Germany). (Note that up to 2.8% of the Greek population died during its famine (Neelsen & 

Strattman, 2011), compared to only 0.2% for The Netherlands, which is due to the localized nature and 

short period of the Dutch famine.) Their results are therefore mainly due to extreme circumstances. 

Like them, we also focus on outcomes at advanced ages and use data from the SHARE-survey (although 

they use wave 3, whereas we use waves 1, 2 and 4). But unlike their paper, we focus on the non-

extreme circumstances that were experienced by the majority of the pregnant women in the occupied 

Western-European countries. And we focus on prenatal exposure rather than exposure during 

childhood.  

3. Background and pathways for effects 

Our focus is on three countries which experienced roughly comparable circumstances during WWII: 

Belgium, France and The Netherlands. Each of these countries was occupied by Germany in spring 1940 

and (depending on region within the country) was liberated between June 1944 and May 1945. As 

described below, the civilian population in each country was exposed to several types of adverse 

circumstances from which long-run effects could be expected. 

Medical theory predicts strong long-term effects for exposures in utero and relatively smaller 

effects for exposures during later periods in childhood. During the fetal stage, the human body goes 

through critical growth periods during which organs are formed or experience rapid growth. During 

these periods, the body is highly vulnerable to experiencing adverse circumstances (Barker, 1997). And 

adverse health effects may only reach their peak when the prenatally exposed person ages (Barker, 

2002). 

If we exclude famines and direct exposure to extreme violence and destruction, there are four 

channels through which prenatal exposure to warlike circumstances in the three occupied countries 

we study is likely to cause population-wide long-term health effects. First, even outside of famines, the 

nutritional situation was clearly sub optimal. In each of the three countries, food was rationed 
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throughout the war. The average daily ration in France in 1941-1944 was limited to 1180 kcal (Mouré, 

2010). This is considerably less than the recommended 2,000 kcal for non-pregnant women of. For 

pregnant women, generally higher amounts are recommended. For Belgium and The Netherlands, the 

average daily rations were 1400 and 1800 kcal, respectively. Furthermore, the quality and variety of 

nutrition decreased as several types of food such as meat, dairy, fat, eggs and bread became rationed 

(see Egle, 1943). Malnutrition in France led to anemia, vitamin deficiencies and diseases (Mouré, 2010). 

Prenatal exposure to poor nutrition can hamper fetal growth and may lead to damage to fetal organs. 

Prenatal malnutrition has been shown to lead to a wide range of diseases – most of which only show 

up at older ages, including coronary heart disease, type-2 diabetes and hypertension (Roseboom et al., 

2011) and it has also been shown to lead to higher mortality rates among the elderly (Lindeboom et 

al., 2010). Moreover, it can negatively affect the cognitive performance of the offspring (De Rooij et 

al., 2010).

 Second, stress levels were likely to be elevated during WWII as a result of occupation and 

repression, as well as the fear of air raids and combat. War-related stress was strong enough to lead 

to long-lasting mental health problems including post-traumatic stress disorder among many civilians 

(Bramsen & Van der Ploeg, 1999). Experiencing stress leads to increased levels of corticotropin-

releasing hormone (CRH). High CRH-levels prepare the fetus for a likely preterm birth. Maturation of 

the tissue is sped-up, while fetal growth is reduced (Hermann et al., 2001; Hobel & Culhane, 2003). 

Prenatal stress exposure increases the responsiveness of the hypothalamic-pituitary-adrenal axis, 

which controls the body’s hormonal reactions to stress. As a result, the prenatally exposed become 

more likely to develop hypertension later in life (Seckl & Holmes, 2007). Prenatal exposure moreover 

affects neurological development and can therefore lead to cognitive, behavioral and emotional 

problems, and even to schizophrenia (Cotter & Pariante, 2002; Van den Bergh et al., 2005). Van Os & 

Selten (1998) show that schizophrenia was more common among those who were in utero during the 

1940 German invasion in The Netherlands, which they attribute to stress.  
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 Third, the occupied countries experienced a severe economic downturn during the war years. 

GDP in 1944 had contracted by 52%, 49% and 20% compared to 1939 for France, The Netherlands and 

Belgium, respectively (Maddison, 2011). Studies into early life effects of economic crises in the late 

19th and early 20th centuries found negative effects on later-life health outcomes (Banerjee et al., 

2010; Yeung et al., 2015). But studies on later crises found no effects (Cutler et al., 2007; Lindeboom 

& Van Ewijk, 2013) or even positive effects (Dehejia & Lleras-Muney, 2004). Perhaps malnutrition, 

stress and epidemics were the most relevant effects of economic crises that took place longer ago, 

whereas nowadays, parental health behavior improves in recessions as the opportunity costs of health 

are reduced (Dehejia & Lleras-Muney, 2004). It is hard to say which process will dominate for WWII, 

especially because the channels through which economic crises affect prenatal health are closely 

intertwined with the previously discussed channels of nutrition and stress. 

 Fourth, health care systems tended to function sub-optimally during WWII. Hospital staffing 

may have been affected by persecutions. Supply lines may have been severed and drugs, medical 

supplies and staff diverted to the occupying country. At the same time, demand for care may have 

been higher due to the war circumstances, putting extra strain on the health care system. 

4. Data and Methodology

Our main data source is the Survey of Health, Ageing and Retirement in Europe (SHARE). SHARE is a 

longitudinal survey study among individuals aged 50 and older. The first wave of SHARE took place in 

2004/05 and included a nationally representative sample from eleven European countries. Subsequent 

SHARE waves took place in 2006/07, 2008/09 and 2011/12. Wave 3 (SHARELIFE) had a different setup 

and goal than the other waves and the variables that were collected differed from the other waves. 

We therefore run our analyses on data from waves 1, 2 and 4 and only utilize wave 3 data to obtain 

some supplemental characteristics of respondents. 

Our sample includes Belgium, France and The Netherlands, which were occupied during WWII, 

as well as Sweden and Switzerland, which are geographically and culturally close to our three exposed 
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countries but which remained neutral throughout the war. In some analyses, we will utilize the neutral 

countries in a difference-in-differences approach. 

To construct our sample, we start with the sample of SHARE 1 and SHARE 2 respondents who 

were age 50 or older. Now our youngest respondents are born in 1956. Respondents who are new in 

wave 4 are only added if they were born no later than 1956, to avoid ending up with low numbers of 

people from cohorts that were born long after our exposed group. The exposed group consists of 

people for whom at least part of their mother’s pregnancy fell during WWII. They are born between 

May 1940 and January 1946 (assuming a 9-month gestational period) and are aged 58-65 in wave 1 

and 65-71 in wave 4. This means that most are in their final stages of their working life or shortly after 

retirement. 

Our control group consists of people born before the war or conceived after the war. The latter 

group includes people born no later than 1956 as described. In our main analyses, we limit the pre-

war born group to people conceived no earlier than 1934. These people are no older than 70 in our 

wave 1 sample, which makes them well comparable to our exposed group.  

Including older cohorts into the control group may have a few disadvantages: first, regression 

results may become more sensitive to the choice of the right functional form for the effect of birth 

cohort (or age) on health outcomes. Second, they might constitute an increasingly selective sample 

due to mortality and due to the fact that SHARE does not include people who are institutionalized. 

Third, including older people would lead to the inclusion of people who had experienced the most 

extreme phases of the Great Depression in utero, which might have an autonomous effect on later-life 

outcomes (Banerjee et al., 2010; Yeung et al., 2015). 

We show that our results do not change when we include all elderly respondents available in 

the data, without a lower bound limit on the birth year. Moreover, using other ranges of birth years 

(e.g. excluding all people born before WWII, who would have experienced WWII during their 

childhood) does not alter our conclusions either.   
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 Besides the SHARE data, in some analyses we use data from the Human Mortality Database 

(HMD). The HMD contains birth and mortality data by country, age, birth year and sex for each of the 

countries in our sample. The HMD-data allow us to analyze whether the circumstances in the three 

occupied countries indeed deteriorated substantially during the war years. Figure 1 shows the life 

expectancy at birth for these countries for females.2 Females are less likely to die in combat than men 

and moreover, females are the relevant group when we study exposures during pregnancy. We run a 

regression separately for each country of female life expectancy at birth on birth year (which runs from 

1934-56)3 and compare the actual data to the long-term trend. The strongest drop occurred in France 

in 1944, where female life expectancy was 12.1 years below trend. But also in e.g. 1943, French life 

expectancy was 7.1 years lower than expected. In each of the three countries, life expectancy dropped 

below its long-term trend in each of the war years – and not only in the years during which the invasion 

and liberation campaigns took place and which therefore saw most combat. In contrast, for the neutral 

countries Sweden and Switzerland, no substantial drops in life expectancy during WWII show up. These 

results confirm that health circumstances for civilians indeed worsened considerably throughout WWII 

in the three occupied countries. 

In our main analyses of later-life health outcomes on prenatal exposure, we focus on five 

dependent variables that measure health at old age across several important dimensions. The first 

variable is cognitive performance. The interviewer read a list of ten words to the respondent and 

respondents immediately had to repeat as many of the words as they were able to remember. A few 

minutes later, during which other cognitive performance tasks were completed, respondents again 

had to repeat as many words as possible from the same list. We measure cognitive performance as 

the sum of both tests: learning and delayed recall. Second, self-reported health is measured using a 

binary variable indicating a fair or poor self-reported health. Self-reported health is known to be a good 

2 Life expectancy at birth indicates how many years a newborn child would live if the age-specific mortality rates 
at the moment of its birth would stay constant throughout its life. Age-specific mortality rates indicate, for each 
age , the probability that a -year old person will die in a one-year time interval. 
3 Lindeboom & Van Ewijk (2015) show that the pattern of results is robust against taking a broader range of 
cohorts (1920-1965). 
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predictor of mortality among the elderly (Idler & Benyamini, 1997). Third, we employ a binary variable 

indicating whether the respondent was hospitalized in the last 12 months. Fourth, we take 

respondents’ numbers of visits to a general physician (GP) in the last 12 months. Fifth, physical 

limitations are defined as having one or more limitations with activities of daily living (ADL) or 

instrumental activities of daily living (IADL).4

Our main analyses follow the equation: 

(1) ℎ =  +  + 45_46 + μ +  +  + 
in which ℎ indicates the health of person  from country  in wave .  are country of birth 

fixed effects for the three included countries and   are individual random effects. To deal with 

clustering of the error terms , we use panel robust standard errors. In line with most of the 

literature on long run effects we run our regressions separately for males and females.  is a 

dummy variable indicating whether a respondent was prenatally exposed to the war. It takes on the 

value 1 for people who were born no earlier than May '40 and conceived no later than April '45, and 

the value 0 otherwise.5 We additionally include a dummy variable 45_46 for people conceived 

between May 1945 and Dec. 1946 (i.e. born between Feb. '46 and Sept. '47). The reason for this is that 

the post-war period did not immediately see a return to pre-war conditions: food was still rationed 

and there were considerable flows of refugees. As our exposure variable is determined based on 

country, year and month of birth, it is important that none of our three countries saw major border 

changes after the war.6 This means that e.g. “born in Belgium” refers to the same thing, irrespective of 

whether the respondent was born in 1938, 1943 or 1950. Note that in The Netherlands, a famine 

occurred in the winter of 1944/45. This famine (unlike e.g. the Greek famine) was localized in only a 

4 ADL include dressing, including putting on shoes and socks; walking across a room; bathing or showering; eating, 
such as cutting up your food; getting in and out of bed; using the toilet, including getting up or down. IADL include 
using a map to figure out how to get around in a strange place; preparing a hot meal; shopping for groceries; 
making telephone calls; taking medications; doing work around the house or garden; managing money, such as 
paying bills and keeping track of expenses. 
5 We do not know month of conception but assume a 9-month gestation length for each respondent. 
6 Persons whose reported birth year, birth month or country of birth changed between waves or was missing 
were excluded from analysis. 
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part of the country (the West) and was relatively short: ca. 0.5 year. The share of the total population 

that perished was relatively low: during the Greek famine, this share was up to 14 times higher. 

Because we worry that our estimates might be driven by the Dutch famine, we run analyses in which 

we estimate effects separately by country and by country*birth cohort. 

 measures trends in health: health depends on age, birth year and year of measurement. We 

need to filter this out in order to separate effects of WWII-exposure from non-war related trends in 

health. In our main specification, we capture these effects using year of birth as our variable , as well 

as wave fixed effects μ. In alternative specifications, in addition to the wave fixed effects, we use age; 

age and age squared; or age and year of birth as our measures of trends in health over time. We prefer 

the specification using only year of birth, since the latter two specifications may lead to overfitting.7

Results in all three alternative specifications remain robust. 

In the Results section, we first robustly demonstrate that there are no negative long-term 

effects, and seemingly even positive effects of prenatal exposure to WWII. After that, we turn to 

selective mortality and selective fertility as potential explanations for this pattern and to their 

respective importance. 

5. Results 

5.1 Main results 

Table 1 shows our main results from the regressions following equation (1) of elderly people’s health 

on prenatal WWII exposure. Columns (1) (for females) and (5) (for males) show results for our main 

sample, which consist of people conceived no earlier than 1934 and born no later than 1956. Columns 

(2) and (6) show similar results for the sample which includes respondents born in earlier years as well. 

Contrary to expectations, we do not find that those older people who had prenatally experienced WWII 

7 Generally, due to collinearity, one can only control for two out of the three variables age, time of birth, and 
time of measurement. We are, however, able to include age, year of birth, as well as wave dummies in one 
regression since age varies a bit with birth year and data collection for each SHARE wave took place in more than 
one calendar year. 
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have worse health. For females, all point estimates even suggest that prenatal exposure leads to a 

better health. For cognitive performance, number of GP visits and whether the respondent had any 

physical limitations, these estimates get significant, and for the sample including elderly born 

conceived 1934, this also applies for the variable “fair or poor self-reported health”. For males, all but 

one point estimate suggest positive health effects as well, although none of these estimates gets 

significant in the main sample. In the sample including elderly conceived before 1934, three out of five 

estimates get significant. 

It might be possible that our results of no worse health (and potentially even better health) 

among the exposed are biased due to specific characteristics of the post-war cohorts. During the 

liberation time, there might have been selective fertility. Our dummy indicating conceptions between 

May 1945 and December 1946, however, already dealt with this possibility. But it is also conceivable 

that the included 1950s cohorts are systematically different, since these people were part of the baby 

boom generation and moreover are relatively young – and therefore healthy – compared to the rest 

of the sample in a way that our model might potentially not sufficiently capture. We therefore also run 

regressions in which we exclude all those born after 1950. As columns (3) and (7) of Table 1 show, this 

does not change our results. (Note that we also ran regressions in which we excluded all those born 

after WWII. This considerably limits our sample size, increases our standard errors and leaves us with 

no control group born after the exposure period. Like our other estimates, these results show no 

adverse health effects of prenatal exposure.) 

 Another possibility that we need to investigate is that our results may be driven by effects on 

older cohorts. Everyone in our sample who was born before the war was exposed to WWII during 

childhood. Kesternich et al. (2014) and Havari & Peracchi (2017) demonstrate that childhood exposure 

to WWII leads to a wide range of negative health effects among elderly people. However, we believe 

that the absence of negative health effects of prenatal exposure that we find is not an artifact of 

stronger negative health effects on older cohorts. There are four reasons for this: first, we study 

another type of exposure than these previous papers. Their results are mainly driven by exposure to 
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extreme circumstances such as wide-scale destruction and famines as they also include countries such 

as Germany, Greece and Poland. Second, most of the body’s critical growth phases occur during the 

fetal stage, so that biologically, one would expect stronger effects of prenatal than of postnatal 

exposure.8 Third, Figure 2 shows the average cognitive performance (the variable for which we most 

consistently found positive estimates) for females across cohorts. There was no dip from the long-term 

trend among the pre-war years. For other variables, the pattern is the same. Fourth, columns (4) and 

(8) of Table 1 show regressions in which people born before May 1940 have been excluded. Still no 

consistent pattern of a better than expected health among the prenatally exposed shows up. 

 Finally, we also run the regressions from Table 1 using alternative specifications in which we 

replace the covariate “year of birth” with age; age and age squared; or age and year of birth as our 

measures of trends in health over time. All regressions additionally still include wave dummies. All 

results remain robust. Appendix Table 1 shows the results for the 1934-56 sample. 

5.2 Difference-in-differences analysis 

We next run the same regressions in difference-in-differences form following equation (2). 

(2) ℎ =  + 2 + 45_46 +
 ∗  +  ∗ 45_46 + μ +  +  + 

As control countries, we take Sweden and Switzerland. These are the only two neutral countries 

included in the SHARE waves and therefore did not experience the same wartime exposures as 

Belgium, France and The Netherlands. Moreover, both countries provide a good counterfactual to the 

occupied countries, since they are geographically and culturally close and generally experienced the 

same pre- and post-war trends (a declining pre-war fertility trend and a post-war baby boom). Due to 

their closeness to the warring countries, it is possible that some of the adverse exposures discussed 

for the occupied countries also occurred in the neutral countries, albeit in a weaker form. Food was 

8 In addition, certain measures were taken in an attempt to keep damage to children limited. These were founded 
in knowledge from the First World War on the damaging effects that malnutrition had on children. Eglé (1943) 
in her contemporary review of rationing during WWII for example lists that in The Netherlands, full-fat milk was 
only made available to children under 14. And in France, families with many children received additional rations 
(above those that were calculated per capita). Similar measures may also have somewhat alleviated the situation 
for pregnant and lactating women, who also received higher rations. 
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rationed in both Sweden and Switzerland (Egle, 1943) and there may have been an additional strain 

on the health care system due to refugees and severed (medical) supply lines. Therefore, the 

coefficient of interest in the difference-in-differences regression (ϕ) may be attenuated. We therefore 

prefer the estimates from equation (1). The results in Table 2 confirm that there are no negative health 

effects of prenatal WWII-exposure (see panel A). Most coefficients for females are no longer 

significant, but this seems due to the fact that most point estimates for the neutral countries (panel B) 

suggest a better than expected health among the war cohorts for these countries as well. 

5.3 Heterogeneity in effects by country and birth cohort 

In the subsequent step, we return to equation (1), but now investigate heterogeneity in effects 

between countries by interacting the exposure dummy (as well as the dummy for being conceived 

between May 1945 and December 1946) with a country dummy. For our main sample (1934-56), Table 

3 shows that for none of the three occupied countries, there are negative health effects of prenatal 

WWII-exposure.9 The pattern of mostly positive point estimates that, in case of females, are in many 

cases significant, shows up for each of the three countries. 

 Since the type of war exposure is likely to differ between the war years (e.g. due to the 

invasions in 1940 and liberation campaigns in 1944/45), we next define the exposure dummy 

separately for each war year. Recall that the exposed were born between May 1940 and January 1946. 

We split this group up using six dummy variables: 1940-1944 are dummy variables for being born 

between May of the respective year and April of the following year. 1945 is a dummy variable for 

being born between May 1945 and January 1946. We again include a dummy variable for people born 

between February 1946 and September 1947 (who were calculated to have been conceived between 

May 1945 and December 1946). The results are reported in Table 4. For none of the war years we find 

consistent evidence for negative effects of prenatal exposure. For females, we find better cognitive 

9 We find the same when we use the alternative sub samples: all respondents born no later than 1956; 1934-50 
and 1940-56. The same applies to the other results in this section reported below. 
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scores, fewer limitations and fewer GP visits for people exposed throughout the various war years. For 

males, a few significant estimates do show up, but there is no consistent pattern in this, so that this is 

likely due to multiple testing and chance: there is no clear evidence for decreased health resulting from 

prenatal WWII-exposure. 

 Figure 3 shows the results from regressions in which the exposure variable is defined 

separately by birth cohort*country combination. The figure shows the results for females. The results 

for males are similar (see Appendix Figure 1). A priori, we expected that originally hypothesized 

adverse health effects might be driven by the Dutch 1944-45 famine. However, even for the 

Netherlands for these years, no adverse health effects show up. It should be noted that the Dutch 

famine only affected part of the country (the western part) and that our sample includes people from 

all parts of the country, which may explain the difference with previous literature.10 Moreover, the 

famine lasted from December 1944-April 1945, so that those who had been prenatally exposed to the 

Dutch famine are spread between the group captured by our 1944 dummy and the group captured by 

our 1945 dummy. And both these groups also include people who were not in utero during the time 

period of the Dutch famine. For Belgium and France as well, no patterns of adverse health effects 

among the exposed show up for any birth cohort. Estimates indicating significant health improvements 

show up for exposures in various years, with some of the strongest effects occurring for France in 1943. 

This was a year that was militarily among the quietest among the war years. 

6. Selective mortality and selective fertility

The important question to answer now is why – contrary to expectations – no adverse health effects 

– and seemingly even some positive health effects occur. Two likely explanations are that this is the 

result from either selective mortality or selective fertility. 

10 Note that the waves of SHARE that we use in our regressions do not include information on region of birth. 
Moreover, it is not our goal to prove that effects of famines exist: this has been proven convincingly by many 
previous studies. 
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6.1 Selective mortality 

Perhaps prenatal WWII-exposure did lead to adverse health effects but this is not visible anymore at 

older ages, as the least healthy people have already died before that moment as a result of their 

exposure to wartime conditions. If this selective mortality solely occurs during infancy, then the 

mortality itself is not a result of the long-run, fetal programming type of health effects we are studying 

here. If, however, mortality rates among those prenatally exposed to WWII are consistently higher 

throughout all ages, then this is an indication that prenatal exposure does lead to long-run effects. To 

investigate the selective mortality explanation, we use aggregate data from the Human Mortality 

Database to show how the probability of reaching one’s birthday in 2004 (the year in which the first 

SHARE-wave started) develops across cohorts. We run the following regression separately by country 

and sex: 

(3) ℎ =  + ℎ + ℎ + 40_45 + 46_47 + 

in which ℎ gives the share of birth cohort  who survived till their birthday in the year 

2004. The analysis includes the birth cohorts 1934-1956. 40_45 is a dummy for the 1940-45 birth 

cohorts (note that unlike in the analyses using SHARE data, we can only utilize year, and not month of 

birth).11 In subsequent analyses, 40_45 is replaced by a set of dummies per birth cohort 

(∑ ℎ ). 46_47 is a dummy variable used to “dummy out” the cohorts born in 1946 

and 1947, which, as described before, might form a sub optimal comparison group.  

Figure 4 shows that for women born in the occupied countries, the probability of surviving till 2004 

is lower than one would expect based on pre- and post-war trends. Belgian females born during the 

war have a 1.6 percentage point (pp) lower chance of living till their birthday in 2004 (ranging from 0.8 

pp for those born in 1943 to 2.9 pp for the 1945 birth cohort). For France, the effect is 1.8 pp (ranging 

from 0.6 pp in 1941 to 3.7 pp in 1945) and for The Netherlands, the effect is 1.7 pp (ranging from 0.3 

pp in 1940 to 3.2 pp in 1945). The effects for each of the war years for each of the three countries are 

11 Among the 1940 birth cohort, only those born in the final 8 months of the year were exposed to WWII at some 
point during gestation. Therefore, we assign 40_45 the value 2/3 for the 1940 birth cohort. 
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highly significant. For males, the pattern is similar (Appendix Figure 2). For the neutral countries 

Sweden and Switzerland, this pattern appears for females nor for males. If we assume that it is mainly 

the weakest people who die, then these results suggest that some selective mortality related to 

prenatal exposure took place. 

However, if we condition on having reached age 2, and thus focus only on mortality between age 

2 and the year 2004, the pattern for the occupied countries completely disappears and is not significant 

anymore for any war year: people who had been exposed to WWII in utero and who survived till age 

2 are no more likely to die before 2004 than one would expect based on the long-term trend. (See 

Figure 5 for females and Appendix Figure 3 for males.) This means that selective mortality may 

contribute to the unexpected sign of many of our estimates in Tables 1-4 and hence at least partially 

explain why the “positive” health effects reported in those tables are likely just artifacts. But it also 

means that all selective mortality takes place during infanthood. The increased mortality during later 

life stages predicted by the fetal origins hypothesis does not show up. This means that prenatal 

exposure to WWII leads to immediate mortality increases, but does not affect long-term mortality 

patterns.12

One might argue that this finding could be due to the fact that long-term mortality effects from 

prenatal exposure only become visible at later ages: the oldest exposed are no older than 64 in 2004 

and the probability to have died before this age is relatively low. (E.g. a French woman born in 1941 

who survived till age 2, afterwards had a 90% chance to survive till 2004.) We therefore run the same 

analyses using the probability to survive till one’s birthday in 2014, which is currently the latest year 

for which such data are available in the Human Mortality Database for all three countries. As Appendix 

Figures A4 (for females) and A5 (for males) show, once they have survived till age 2, the chances of 

dying are also not higher for the prenatally exposed if one observes them till older ages. These 

12 Similar results were shown in Lindeboom & Van Ewijk (2015). They argue that the pattern of “culling” (i.e. 
selective mortality of weaker individuals) in the first few years of life means that effect estimates of prenatal 
exposures in many studies are likely to have been downward biased. 
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mortality patterns are therefore another indication that prenatal WWII-exposure did not lead to 

negative long-run health effects. 

Nevertheless, given the increased infant mortality during WWII, we need to investigate whether 

this (potentially selective) mortality might have masked negative long-run health effects in our 

analyses on the SHARE sample. I.e. the current SHARE-sample includes only people who managed to 

survive their first few live years. If the unhealthiest people could not be included since they had already 

died, then the counterfactual health of the people in our sample would have been better than 

assumed. Negative long-run health effects on these people would then have been masked. 

Based on the previous analysis, we know the excess mortality before 2004 by country and sex for 

each of the birth cohorts 1940-1945. We proportionally add respondents to our sample for each birth 

cohort*country*sex combination.13 For our binary dependent variables (a fair/poor self-reported 

health, being hospitalized, having one or more limitations) we assign these people a bad health. For 

the continuous variable cognitive performance, for each country*sex combination, we take the 10th

percentile value of all respondents born during the war and assign the added respondents this value. 

For the number of GP visits, we take the value corresponding to the 90th percentile. Next, we regress 

these health outcomes on prenatal WWII-exposure following equation (1), but this time including 

these additional respondents to compensate for selective mortality. Note that this is a very 

conservative approach, as we assume that all who have died before 2004 as a result of WWII would 

have had a poor health if they would still have been alive. To the extent that this is not the case, we 

13 The numbers of respondents to be added are calculated as 



, with   being the 

deviation from trend in the share of birth cohort  from country  that did not survive till 2004, calculated as the 
coefficient   to ℎ . (See Figure 4 and Appendix Figure 2 for the analyses that lead to the corresponding 
numbers.) This ratio is calculated separately for males and for females. The numbers of respondents that are 
added are rounded to the nearest integer for each country*birth year*sex combination. 
Our sample consists of three SHARE-waves. We proportionally allocate the added respondents to each of the 
three waves, so that the distribution of added respondents over the three waves is the same as the distribution 
of the actual respondents over the three waves. 
The analyses using Human Mortality Database data on which we base the numbers of respondents to be added 
are based on birth year, without taking into account birth month. We similarly add people based on their birth 
year (not birth month) and assume that all respondents that are added in this way are prenatally exposed to 
WWII. This means that no people are added who are classified as being born in the first months of 1940 and who 
were hence not exposed. This approach is based on the assumption that the increased mortality rates can only 
come from people who were actually exposed. 



19 

may over correct for selective mortality. Table 5 shows the results from the regressions that included 

these additional respondents. For males in the main sample (1934-56), there is now evidence that 

exposure may increase the chance of being hospitalized at older ages, but results for the other four 

outcomes remain insignificant, suggesting that they are not affected by prenatal WWII-exposure. For 

females, there is still no proof that prenatal WWII-exposure leads to a worse later-life health – even 

when using this conservative approach. For cognitive performance, the results still show better scores 

for those who had been prenatally exposed. 

6.2 Selective fertility

It is possible that people conceiving during WWII differed systematically from those conceiving in 

earlier or later years. People may have postponed pregnancies till after the bad years were over, or 

may not have been able to conceive due to hardship (e.g. women may not have had their menstrual 

cycles) or had miscarriages.14 We study selective fertility during WWII using information on 

characteristics of respondents’ parents. Our main worry is that parents conceiving during the war had 

“better” characteristics, which would have been transmitted to their offspring. Suppose that this were 

true and also suppose that prenatal WWII-exposure would have caused negative long-run health 

effects: then naïve estimates would show no long-run effects of prenatal WWII-exposure due to the 

combination of one positive and one negative effect. This might be what happened in our results and 

it is this possibility that we want to exclude. 

Before we proceed, it is relevant to point out that in our context, selective fertility and selective 

mortality likely work in opposite directions. In case of high selective mortality, the exposed would have 

had lower probabilities to survive. In case of high selective fertility, the exposed would have had higher 

probabilities to survive. Figure 4 shows that at least initially, selective mortality effects were likely more 

of an issue than selective fertility effects. Nevertheless, one cannot exclude the possibility that 

14 Rooseboom and Van de Krol (2010) find that during the Dutch famine about half of the women did not 
menstruate. 
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selective fertility may have taken place and that this would have influenced our results. We hence 

investigate whether the parents of the exposed were systematically different from the parents of the 

non-exposed.  

The SHARE survey asks respondents about the age at which their parents died or, if these were 

still alive, what their age was at that moment. The age people attain (their longevity) is a strong 

indicator for their overall health. We therefore study selective fertility by comparing the longevity of 

parents whose pregnancies did versus did not overlap with the adverse years of WWII.15 For this 

analysis, we first establish the age at which respondents’ parents died. For parents who were still alive 

during the last survey wave in which a respondent was observed, we add their remaining life 

expectancy, which we calculate from the Human Mortality Database. (E.g. an 88-year old French male 

in 2011 has an expected remaining life expectancy of 4.0 years.) Next, we estimate ordinary least 

squares regressions of the longevity of respondents’ mothers/fathers on whether respondents had 

been prenatally exposed to adverse WWII-conditions. We add as covariates the sex and country of the 

respondent, as well as the respondent’s birth year in order to adjust for time trends in parental 

longevity. (Note that we cannot include wave fixed effects and individual random effects in these 

regressions,  as we have only one observation from a single moment in time per respondent.) These 

analyses show whether fathers and mothers whose children were in utero during the adverse WWII-

years had a worse or better health than parents conceiving in earlier and later years. 

Other indicators for parental health and socioeconomic status come from SHARE wave 3 

(which is otherwise not used in the present research). In this wave, respondents were asked about 

characteristics of their parents when they themselves were age 10. These included: whether the 

biological father was present in the household at that time and whether the parents smoked, drank 

heavily, or had mental health problems. These variables are taken as dependent variables in similar 

regressions to the ones for parental longevity. The sample size in the regressions utilizing information 

15 We do need to make the assumption that being pregnant during WWII does not directly affect parents’ 
longevity, but this seems a reasonable assumption. 
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from SHARE wave 3 is smaller, since only respondents can be included who appeared both in wave 3 

and in at least one other wave. 

Our analyses demonstrate that the mothers of the exposed had a somewhat higher longevity 

than the mothers of unexposed persons. For fathers, we find no such difference (see Table 6). Also, 

the parents of the exposed were less likely to smoke or drink heavily. These results suggest that part 

of the positive association we find between prenatal WWII-exposure and good health at older ages is 

due to selective fertility.16

We further investigate the possibility that selective fertility is the reason why we find no 

negative health effects of prenatal exposure by adding the characteristics of respondents’ parents as 

covariates to our main regressions following equation (1). We additionally add a set of dummy 

variables as covariates indicating the occupation of the household’s main breadwinner when the 

respondent was 10 years old. Table 7 shows the result when adding the parental characteristics one at 

a time (columns (2) through (5)), or all simultaneously (column (6)). Columns (7) through (9) show the 

results for the alternative sub samples. Appendix Tables 2 and 3 show results similar to those from 

column (6) of Table 7, separately by country and year of exposure. We robustly find that the estimated 

effects of prenatal exposure on older people’s health do not change into negative health effects. 

However, several coefficients do get closer to zero. This suggests that indeed some of the unexpected 

association between prenatal WWII-exposure and a better health at older ages may be a result of 

selective fertility. Yet it should be noted that the better cognitive performance among exposed females 

remains virtually unattenuated. 

6.3 The combined importance of selective mortality and selective fertility 

The results presented above suggest that both selective mortality effects and selective fertility effects 

may have contributed to our unexpected finding of a better health among the prenatally exposed. To 

16 Alternatively, the more favorable parental characteristics among the exposed may (partially) result from 
selective mortality if mortality rates were highest among children from parents with unfavorable characteristics. 
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examine the combined importance of both channels we proceed with a rough and conservative test. 

Ideally, we would have liked to combine the selective fertility analyses in which we correct for parental 

characteristics (Table 7) with the selective mortality analysis of Table 5. However, this is not possible, 

because for the selective mortality analyses we added “respondents” of whom we do not observe the 

characteristics of their parents. 

To get an indication, we consider the information from Table 1 in conjunction with that from 

Tables 5 and 7. Table 1 provides estimates that are both subject to selective mortality and selective 

fertility. Table 5 corrects for selective mortality. The difference between the coefficients in row (1) of 

Table 5 and those in columns (1) and (5) of Table 1 gives an indication of the effect of selective mortality 

for females and males, respectively. E.g. from Table 1, we estimate that prenatal exposure led to a 

1.198 percentage point reduction in the probability of reporting a fair or self-reported health. Table 5 

suggests an increase with 0.578 percentage points. Apparently, selective mortality led to an upward 

bias of 1.776 percentage points (0.578 – (-1.198)) in Table 1. Now we add this information to our Table 

7 results, which correct for selective fertility. Column (6) of Table 7 suggests a 0.685 percentage point 

reduction in the probability of reporting a fair or self-reported health. If we assume that this result is 

still biased by 1.776 percentage points as calculated above, then the true effect would be a 1.091 

increase in the probability of reporting a fair or self-reported health (-0.685+1.776). We can of course 

not calculate standard errors, but at unchanged standard errors, none of the estimates for females 

would significantly point to a worse health as a result of prenatal exposure to WWII. For cognitive 

performance, the results would even show a better health among the exposed which is significant at 

the 5%-level. For males, the effects on hospitalizations and on self-reported health would be significant 

at the 1% and at the 10%-level, respectively, in both cases pointing toward a worse health among the 

prenatally exposed. But the results for the other three outcomes would not be significant at 

conventional levels. The absence of a pattern of results indicating long-term effects of prenatal 

exposure holds as well when including different sets of cohorts into the sample (cohorts 1934-50, 

1940-56, all elderly respondents available in the data). This is illustrated by Table 8, which shows the 
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results for the various specifications and samples for the outcome on which we consistently found the 

strongest positive health effects (cognitive performance) and for the one outcome on which we did 

not find any significant effects in Table 1, hospitalizations. 

Note that this is a conservative approach: the Table 7 results may on the one hand not 

incorporate all dimensions of selective fertility, although we could use a broad range of parental 

characteristics. But on the other hand, the Table 7 results may partially already incorporate a 

correction for selective mortality (see footnote 16). And the Table 5 results may have over corrected 

for selective mortality if not all who died before 2004 due to WWII would have had a poor health at 

older ages if they would still have been alive. These results therefore provide a strong indication that 

if we would be able to simultaneously correct for selective fertility and selective mortality, there would 

still be no proof that prenatal WWII-exposure leads to a worse later-life health. 

7. Conclusion 

Violence during wars is what captures the headlines. But at any given time, a large share of the 

populations of countries at war usually does not experience violence, but still suffers substantially. 

Supply lines are severed, leading to reduced food quantities and qualities; stress levels are high; the 

economy is in a recession and health care systems may collapse. This wide-scale suffering is less likely 

to grab the headlines. Once the war is over, however, biological theory leads to the hypothesis that 

the effects of this suffering linger among those who had been prenatally exposed and lead to worse 

health at older ages. 

 During World War II, the populations of countries like Belgium, France and The Netherlands 

evidently suffered from the war during five years of occupation. Most of this period was not 

characterized by direct exposure to extreme levels of violence, nor was the food situation so bad that 

it can be characterized as a famine. It is now known that exposure to famines and other extremely 

adverse conditions, such as very large-scale destruction during WWII, led to a poorer health among 

those who had been prenatally exposed to them. But little is known about the long-term effect of the 
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less-extreme conditions that characterized most of the war period in the occupied countries and that 

were thus experienced by the majority of women who were pregnant during the war in these 

countries. 

We demonstrate that prenatal exposure to WWII in Belgium, France and The Netherlands has 

no substantial population-wide negative effects on health at ages 50 and older. Many of our estimates 

even show a better health among older people who had been exposed. We demonstrate that this 

unexpected result is due to selective mortality shortly after birth and to selective fertility, in the sense 

that healthier people were more likely to become pregnant and give birth during WWII. In the same 

way that our initial estimates were biased toward finding a better health due to prenatal exposure, 

previous research on prenatal exposure to other (more extreme) historical circumstances most 

probably also suffered from the same bias. Selective mortality and selective fertility therefore mean 

that long-term effects of prenatal exposures to historical circumstances in existing research were likely 

often under estimated. 

Even when we take selective mortality and selective fertility into account, we find no evidence 

that prenatal exposure to WWII leads to the expected long-term health damage. Previous research 

showed that prenatal exposure to the extreme circumstances (famines, destruction) that some groups 

of people experienced during WWII negatively affects their health at older ages. Apparently, the 

circumstances experienced by the majority of civilians in occupied western Europe (that were evidently 

adverse, although in a less extreme sense) did not lead to similar long-term health damage. 

Previous research also showed that prenatal exposure to relatively mild shocks can already 

lead to long-run health effects (Almond & Currie, 2011). Our results raise the question why this was 

not the case for WWII exposure. It must be noted that most of those previously studied mild exposures, 

such as infections, low-level radioactivity and pollution, were qualitatively different from the 

exposures we study now, which means that the biological pathways leading to effects would have been 

very different. This makes comparisons difficult. In cases that one might argue share more similarities 

with the exposure we study, such as prenatal exposure to Ramadan (Almond & Mazumder, 2011; Van 
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Ewijk, 2011), three issues need to be considered. First, although both exposures involve nutritional 

restrictions, the exact form of the restrictions differs, which may lead to differences in biological 

impacts – without exact insights into what happens in the human body, we cannot simply assume that 

both are mild exposures and should therefore lead to similar effects. Second, fetal programming 

effects due to malnutrition may be moderated by differences between the prenatal and the postnatal 

environment. Gluckman & Hanson (2004) describe that the fetal body may react to potentially harmful 

outside circumstances with biological adaptations that prepare the body for postnatal circumstances 

that are “predicted” to be similar to the prenatal circumstances (predictive adaptive response). Hence, 

one could hypothesize that a mild exposure throughout pregnancy that continuous postnatally may 

cause less strong effects than a similar exposure that is constrained to only a limited period during 

pregnancy, as physical adaptations in the fetus are misdirected. Third, the fact that we find no long-

run health effects for France, Belgium and The Netherlands, does not automatically imply that no 

population-wide effects of prenatal exposure to WWII occurred for any country. We study three 

countries that are arguably relevant to study, but circumstances in other countries have been worse 

across the board so that possibly, affected cohorts at large may suffer from long-run adverse health 

effects. From exactly what level of adverseness on negative effects arise is hard to gauge. 

The findings of our study may have important implications for more recent wars, too. It is 

known that children born to mothers who experienced extreme wartime conditions during pregnancy 

tend to have more health problems throughout their life courses. So one would for example expect 

children born in a beleaguered city to suffer more often from health problems later in life. But in many 

conflicts, at any specific time point, most civilians do not suffer from extreme levels of violence and 

destruction, nor from famines. The suffering they do experience may drive up infant mortality rates. 

But children born during such war episodes and who survive infancy are apparently resilient to the 

adverse circumstances they experienced before birth: they tend to recover from their bad prenatal 

circumstances and not to suffer from negative health consequences later in their lives. 
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