Windows of Vulnerability: Consequences of
Exposure Timing during the Dutch Hunger
Winter

DANIEL RAMIREZ AND STEVEN A. HAAS

Prior research on early-life exposures to famine has established in utero development
as a critical period of vulnerability to malnutrition. Yet, previous research tends to
focus narrowly on this stage, at the expense of a more comprehensive examination
of childhood. As a result, the literature has yet to compare the severity of the con-
sequences of exposure to malnutrition across developmentally salient periods. Such
comparison is crucial not only in the magnitude of effects but also in the nature of
outcomes. Using a restricted population registry-linked health survey, this study ex-
amines the Dutch Hunger Winter to provide a comprehensive examination of the
long-term consequences of in utero, infant, childhood, and adolescent exposure to
famine. The results show malnutrition leads to heterogeneous effects depending on
when the exposure occurs. In utero exposure to malnutrition leads to deleterious con-
ditions in physical health and lower socioeconomic attainment. For older cohorts,
results suggest a resilience to the effects of malnutrition on physical health in late
life, but a higher vulnerability to socioeconomic stunting. Furthermore, the results
suggest important gender differences in the long-term impact of malnutrition. Males
consistently show stronger negative consequences across a wider array of conditions.

Introduction

The Developmental Origins of Health and Disease (DOHaD) highlights the
role that material conditions in early life play in the genesis of chronic
disease and mortality risk. It emphasizes gestation as a life stage especially
vulnerable to insults such as malnutrition (Barker 1990, 2004; Kuh and
Shlomo 2004; Palloni et al. 2009). Accordingly, DOHaD demonstrates
in utero malnutrition increases the propensity to develop an array of
conditions, including cardiovascular disease, cerebrovascular disease, and
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diabetes, as well as reducing cognitive ability and stunting socioeconomic
attainment (Almond and Currie 2011; Basso 2008; Painter, Roseboom, and
Bleker 2005; Roseboom et al. 2001, 2011).

Though implicitly based on a developmental perspective, DOHaD has
tended to focus narrowly on in utero exposures and cardiometabolic out-
comes, at the expense of a more comprehensive developmental approach.
Like gestation, infancy, childhood, and adolescence are periods of key de-
velopmental change (Nelson 2013, 2017). Focusing exclusively on the ges-
tational period leaves crucial questions underexplored. To what extent does
vulnerability due to malnutrition extend beyond gestation? How does the
impact of early-life malnutrition vary across developmental domains, either
in magnitude or in heterogeneous timing effects?

The Dutch Hunger Winter has played an important role in DOHaD
research, linking in utero famine exposure to adult glucose intolerance,
coronary heart disease, atherogenic lipid profiles, disrupted blood coagula-
tion, elevated stress response, obesity, and lower cognitive abilities (Lumey
and Stein 1997; Lumey, Stein, and Susser 2011; de Rooij et al. 2007;
Roseboom et al. 2011; Stein et al. 2006). Adopting a natural experiment
framework and using unique population-health survey data linked to the
Dutch population registry, we reexamine the famine to investigate the
heterogeneous effects of malnutrition beyond gestation. We also explore
a wider array of late-life health and socioeconomic outcomes than have
previously been studied. Furthermore, we test for gender differences in the
impact of famine exposure. While famine is a rare event in high-income
contexts, globally hundreds of millions of people struggle with hunger,
severe food insecurity, and malnutrition with nearly a quarter of children
under the age of 5 experiencing stunting or wasting (FAO 2021). How such
exposures will affect their life trajectories remains an open question with
substantial policy implications.

Background
The Dutch famine context

The Dutch Hunger Winter has been instrumental in characterizing the long-
term physiological consequences of early-life famine exposure. At the out-
break of World War II, the Dutch government began rationing food (Ban-
ning 1946; Dols and Arcken 1946). In September 1944, Germany imposed a
food embargo on the Western provinces (i.e., Noord-Holland, Zuid-Holland,
and Utrecht; see Figure 1). An early extreme winter further precluded
supplying the Western provinces from other areas, exposing approximately
4.5 million people to a severe famine. Average caloric intake in these
provinces declined from approximately 1500 calories/day in September
1944 to 700 calories for children and just over 500 calories for adolescents
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FIGURE 1 Famine-affected provinces of the Netherlands during the
1944-1945 Winter
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SOURCE: Authors” own elaboration sourcing data from Dols and Arken 1946.

and adults during January—-March 1945 (Dols and Arcken 1946). Preg-
nant/lactating women were entitled to extra rations; however, at the peak
of the famine these extra rations were unsustainable. The nutrient com-
position also suffered, as rations shifted heavily away from meat and dairy
and towards cereals and potatoes. This increased the proportionate intake
of carbohydrates and decreased the consumption of proteins, fats, and key
vitamins and minerals (particularly calcium) (Dols and Arcken 1946). The
caloric intake would not recover until June 1945. As a result, between
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January and July 1945 the Netherlands experienced 45,000 excess deaths,
with 68 percent of occurring in famine-affected regions (Ekamper et al.
2017). Among war-related mortality, hunger/thirst accounted for less than
1 percent of deaths in 1944 but rose to 23 percent in 1945 (Ekamper et al.
2017).

Although food scarcity was the greatest danger, the famine period was
also characterized by violence, infrastructure/institutional failure, severe
cold, military executions, and sanitary system breakdown (Lumey, Stein,
and Susser 2011). External causes of death related to injury and poisoning
were one of the main sources of mortality associated with the famine
period, accounting for 14.8 percent and 18 percent of all deaths in 1944
and 1945 (Ekamper et al. 2017). Furthermore, causes of death related to
war and its consequences highlight substantial violence (Ekamper et al.
2017). In 1944, 60 percent of war-related deaths were due to deaths of
civilians related to operations of war. Therefore, the estimated impacts of
Dutch famine exposure are likely capturing both the direct effects of severe
malnutrition, as well as the additional deleterious impacts of the broader
toxic milieu of war, stress, and trauma.

Windows of vulnerability in early life

A core life course principal asserts that the impact that events, exposures, or
transitions have on life trajectories depends on the timing at which they oc-
cur (Elder 1998). As development unfolds from conception to adulthood,
individuals traverse multiple critical/sensitive periods that shape their so-
cial and biological development. During these critical/sensitive periods, win-
dows of vulnerability open to adversity. While individuals may be vulnera-
ble to adverse experiences during a given developmental interval, they may
be resilient to the same experiences outside of it (Kuh et al. 2003; Kuh and
Shlomo 2004).

In utero vulnerability and cardiometabolic processes

David Barker and colleagues have argued since the 1980s that the prin-
cipal causes of adult cardiometabolic disorders originate in utero (Barker
2004; Hales and Barker 1992). The “fetal origins” or “thrifty phenotype”
hypothesis posits that fetal growth restrictions trigger fetal predictive
adaptive responses. Predictive adaptive responses consist of in utero phe-
notypic adjustments to experienced or predicted environmental challenges
(Bateson and Gluckman 2012a; Gluckman et al. 2008; Gluckman, Hanson,
and Spencer 2005). This includes reordering developmental organogenetic
priorities (e.g., disruptions of organ formation, growth, and functional
specialization) and alterations of basal metabolic function, including blood
pressure, heart rate, as well glucose and lipid metabolism (Bateson and
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Gluckman 2012a). While predictive adaptive responses increase fetal
survival in the short term (Kahn, Narayan, and Valdez 1998), they are
maladaptive in the long term, increasing the risk of cardiovascular and
cerebrovascular disease, diabetes, and other chronic diseases (Almond and
Currie 2011; Basso 2008; Palloni et al. 2020; Roseboom et al. 2001, 2011;
Rasmussen 2001). Results from human observational studies and natural
experiments have demonstrated adverse effects of in utero nutritional
deprivation on later life health across a variety of famine contexts (e.g.,
the Leningrad siege, the Rwandan civil war, and the Chinese revolution)
(Akresh, Verwimp, and Bundervoet 2011; Lumey et al. 2011; Ramirez and
Haas 2021; de Rooij et al. 2007; Schulz 2010; Stanner and Yudkin 2001;
Stein et al. 2006; Zhang, Gu, and Hayward 2010).

In addition to nutritional deprivation, maternal exposure to acute
stress during pregnancy can also affect birth outcomes and subsequent
offspring biology via alterations of the hypothalamic-pituitary-adrenal
(HPA) axis. During periods of acute stress, mothers can release excess
cortisol, which can reach the fetus via the placenta, and have strong effects
on offspring biology and health. A large number of animal studies show
that young adults exposed to maternal psychosocial stress during and after
pregnancy experience dysregulation in key physiological systems, raising
the risk of elevated body-mass index (BMI) and body fat composition, in-
sulin resistance, and lipid profiles consistent with the metabolic syndrome
(Entringer, Buss, and Wadhwa 2015; Kuzawa and Quinn 2009a; Thayer
and Kuzawa 2015). Similarly, human research demonstrates the impact
of maternal stress on birth outcomes (Hobel et al. 2003; Lockwood and
Kuczynski 1999). For example, Lauderdale (2006) demonstrated that stress
experienced by pregnant Arabic-named women post-9/11 significantly
increased their risk of poor birth outcomes. During the Dutch famine,
both the famine and the wider context of war may have induced elevated
maternal stress, permanently altering the functioning of the HPA axis in
offspring, predisposing children to glucose intolerance, insulin resistance,
and type-2 diabetes.

Famine, neurological development, and socioeconomic stunting

Looking beyond cardiometabolic processes, the period from conception
to approximately age 2 is also a critical period for neurological/cognitive
development. Brain cell growth is most rapid during the first two years of
a child’s life and then rapidly slows down afterwards (Ampaabeng and Tan
2013; Beshir and Maystadt 2020). Caloric restrictions or nutrient imbal-
ances may hinder brain development and may have an effect on overall
cognitive performance, which in turn adversely affects socioeconomic
attainment (Belli 1971, 1975). In utero malnutrition also has particularly
strong effects on primary sensory information processing capabilities,
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including auditory and visual abilities (Gladstone et al. 2014; Kamel et al.
2016; Ntim-Amponsah and Amoaku 2008). In addition to nutritional depri-
vation, elevated maternal cortisol can traverse the placenta and blood-brain
barriers and accumulate in areas of the brain critical to cognitive devel-
opment (Beshir and Maystadt 2020; Valdez Jiménez et al. 2017). Adverse
effects of famine on cognitive development and subsequent educational
attainment have been observed across various contexts (Ampaabeng and
Tan 2013; Arage et al. 2020; Beshir and Maystadt 2020; Roseboom et al.
2011; Neelsen 2011; Rong et al. 2019; Xu et al. 2018; Zhang et al. 2010).
Beyond extreme cases of famine, low-birthweight children have lower IQs,
perform substantially worse on academic achievement tests, are less likely
to graduate high school, and have reduced earnings (Currie and Hyson
1999; Almond and Currie 2011; Black et al. 2005).

Beyond the womb

Beyond the interuterine environment, malnutrition and stress during sub-
sequent stages of development may also adversely impact adult health and
socioeconomic outcomes. The gut microbiome plays a critical role in phys-
iological functions throughout the life course and influences a wide array
of chronic diseases in late life, including obesity, diabetes, and cardiovascu-
lar disease (Devaraj et al. 2013; Alur 2019). Nutrient acquisition and en-
ergy harvesting that are intimately related to physical growth and weight
regulation also rely on processes embedded within the microbiome (Herd
et al. 2018). As humans are born microbially sterile, infant and childhood
nutrition is central to building the microbiome, implicating the postnatal
developmental environment (Burmeister et al. 2020; Devaraj, Hemarajata,
and Versalovic 2013; Herd et al. 2018). Similarly, infancy and childhood are
crucial to muscle and bone development, as those exposed to poor nutri-
tion in early childhood experience greater loss of muscle strength and bone
mass in late life among (Bartz et al. 2014; Huang, Soldo, and Elo 2011).
Low calcium and protein intake during infancy, childhood, and adolescence
are key determinants of bone density and muscle development (McFie and
Welbourn 1962; Sayer and Cooper 2002). Bone stability and height have
also been directly linked to the quantity and composition of childhood nutri-
tion (Akachi and Canning 2007; Deaton 2007). Stress exposure throughout
childhood and adolescence has further been shown to contribute to obesity.
Chronically increased cortisol levels enhance hunger, promote insulin hy-
persecretion, and ultimately result in insulin resistance and (visceral) fat
formation (McEwen and McEwen 2017; Ridout, Khan, and Ridout 2018).

Accordingly, research in the past decade has extended critical periods
up through adolescence as well, as brain plasticity and rapid pubertal
maturation of all organ systems occur during this period (Barouki et al.
2012; Bateson and Gluckman 2012b; Belsky and Pluess 2009). Biological
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embedding, a more general developmental perspective than DOHaD, asserts
that childhood environments unconducive to healthy development may
lead to adverse physiological and neurocognitive outcomes, as well as
poor emotional and psychosocial coping mechanisms, and thus higher
lifetime levels of stress and subsequently poor health (Cynader 1994;
Hertzman 1999). For example, executive function, which regulates how
individuals respond to social and emotional stimuli, develops between
ages 3 and 9 (Vineis et al. 2016). Cognitive capacities related to attention,
memory, sensory function, coordination, and broad motor skills—key vari-
ables for school and occupational success—develop during midchildhood
(Demetriou et al. 2015; Hertzman 1999; Hertzman and Keating 1999).

Outside of famine contexts, there is also a well-documented rela-
tionship between child hunger, nutritional status, and school outcomes.
Children experiencing hunger and nutritional deficits fare worse along nu-
merous dimensions of academic achievement and performance (Kleinman
et al. 2002; Taras 2005). Hunger can also induce psychosocial behavioral
problems in children, further hindering school performance (Kleinman
et al. 1998). Furthermore, given the famine occurred within the broader
context of the war school-aged children also had to potentially cope with
institutional breakdowns and disruptions to schooling trajectories if schools
ceased to function if parents were reluctant to send their children to school
under conditions of violence and uncertainty. Finally, older children may
have left school early to help augment family resources in difficult times.
Thus, it is important to extend our examination of long-term famine effects
beyond the womb.

Gender differences

A key limitation of prior research on the long-term effects of early-life
famine exposure has been the inability to examine gender differences.
This is largely due to the lack of adequate data on exposure to early-life
nutritional deprivation among cohorts of older adults. However, there is
evidence in the demographic and developmental biology literature of a
“frail male” phenomenon. According to the developmental biology liter-
ature, males tend to show a higher resilience during the first trimester of
gestation compared to their female counterparts. However, females exhibit
a stronger resilience during the fetal-to-neonatal transition, in infancy, and
in the first years of life (Alves et al. 2019; Rosenfeld 2015). Such differences
are suspected to result from sex differences in speed of maturation. Slower
maturation translates to a wider time window during which insults may
occur. Functional and structural development of both the cardiovascular
and respiratory systems mature faster in female fetuses, shortening the
window of vulnerability to insults during critical developmental periods
related to cardiometabolic maturation (Aiken and Ozanne 2013; Franzek
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2019; Heijmans et al. 2008; Lorente-Pozo et al. 2018). Animal models
suggest the placenta of the female fetus may be more efficient at extracting
and transporting nutrients from maternal circulation under conditions of
malnutrition (O’Connell et al. 2011).

In demographic research, the “frail male” hypothesis, is empirically
grounded in imbalanced sex ratios at birth and disproportionate male in-
fant mortality during times of hardship (Bisioli 2004; James 2009; Schacht,
Tharp, and Smith 2019). That literature has focused almost exclusively on
gender differences in survival in utero, and in the neonatal period, as such,
it is unclear how gender may shape the effects of early-life famine exposure
over the long term among those who survive into adulthood. Do gender
differences in the impact of famine exposure follow the same pattern in
later life as they do in early childhood? The present study’s use of much
larger population-based data sources overcomes this limitation.

The present study

We propose that the exposure to malnutrition and stress brought forth by
the Dutch Famine, yielded differential consequences in terms of health and
socioeconomic attainment depending on its timing. Because in utero stages
imply organogenesis developmental saliency, we hypothesize that in utero
exposure to famine-induced malnutrition and stress results in an increased
risk of cardiometabolic, muscular-skeletal physical problems, sensory im-
pairment, and stunted socioeconomic attainment in later life. Following
previous literature, we expect increased risks to be highest for those ex-
posed during the first trimester. Specifically, we hypothesize:

HI: The largest adverse impacts of famine exposure on cardiometabolic
conditions, functional limitations, sensory impairment, and self-rated
health will be for those exposed in utero. Furthermore, we hypothesize
first trimester exposures will yield the largest effects.

However, we also hypothesize that the window of vulnerability associated
with famine exposure extends beyond gestation and as the timing of expo-
sure shifts to childhood and adolescence, different developmental processes
come to the fore. Because organogenesis is mostly carried out during in
utero developmental periods, we expect diseases related to fetal constraints
to be less likely to develop in older cohorts. Accordingly, we hypothesize:

H2a: Exposures to famine during childhood and adolescence will increase
the risk of developing cardiometabolic diseases, functional limitations,
sensory impairment, and lower self-rated health. However, the impact
of exposure for these cohorts will be smaller than for those exposed
in utero.
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Because older cohorts would have entered formal schooling at the time of
the war/famine and thus been subject to the impact of the famine on school-
ing performance, schooling interruptions, institutional breakdown, and fa-
milial disruptions, creating additional barriers to socioeconomic attainment,
we hypothesize:

H2b: Cohorts exposed to the famine during childhood and adolescence will
display larger reductions in educational attainment and income than
those exposed in utero.

Finally, following previous research emphasizing male vulnerability to in
utero insults we hypothesize:

H3: Males exposed to the Dutch famine in utero will show greater risks of
developing cardiometabolic conditions, functional limitations, sensory
impairment, lower self-rated health, and lower socioeconomic attain-
ment than their female peers. The male disadvantage will extend to
exposure beyond gestation.

Data

This study relies on the unique linkage of two sources of data: The Adult
and Elderly Health Monitor (GEMON) and the Dutch Census. GEMON is
a nationally representative survey of the Dutch population aged 18 years
and older. We utilize the latest available waves from 2012 and 2016, which
provide information on approximately 400,000 individuals. The second
data source is the restricted Dutch Census data provided by Microdata CBS
(Statistics Netherlands).! When linked to GEMON, this provides date and
place of birth of respondents, allowing the identification of the location
and age of the respondent—including those in utero—during the Dutch
Hunger Winter. Because we are interested in studying those cohorts who
had potential exposure to the Dutch Hunger Winter or those cohorts born
immediately after, we exclude any respondents born after 1949. Overall
missing data accounts for approximately 15 percent.?. After excluding
individuals born after 1949 and missing data, we obtain a total sample of
123,789 individuals.?

Exposure to famine: Cohort and gestation groups

The study focuses on individuals at risk of exposure to the Dutch Hunger
Winter; hence with the exception of a control group comprised of cohorts
born 1945-1949, we exclude individuals born after 1949. Following previ-
ous research, this study distinguishes between three groups (1) cohorts in
utero during famine, (2) cohorts born before the famine period, and (3) co-
horts born between 1945 and 1949. We further partition in utero cohorts by
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FIGURE 2 Cohort delimitation chart based on timing of exposure to famine

Famine period

1930-1934
1935-1939
1940-1944
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Exposure during 3rd trimester
Exposure during 2nd trimester
Exposure during 1st trimester
Control group

Treatment groups Control group

trimester of first exposure. Figure 2 presents a diagram pertaining to differ-
ential groups based on the timing of exposure. The shaded area refers to the
famine period for which average daily rations fell below 1,000 calories (i.e.,
November 1944 to June 1945) (Dols et al. 1946). Assuming a nine-month
gestation interval, the study identifies differential timing of exposure based
on the trimester in which famine began. For instance, respondents are con-
sidered to be at risk of exposure during the third trimester if they were born
one to three months after October 1944. All others are grouped into five-
year age cohorts corresponding to different stages of childhood including
infancy and early childhood (ages 1-4), the early school years (ages 5-9),
and early adolescence (ages 10-14). In terms of current age, this study ex-
amines individuals aged 72-87 in 2016.

Dependent variables*

Self-rated health (SRH). A self-assessed summary statement of the respon-
dent’s overall health status was dichotomized to express positive health
(excellent/very good = 1; otherwise = 0). SRH is a widely utilized indica-
tor of health that has been deemed a valid approximation of overall health
that successfully predicts health conditions as well as mortality (Idler and
Benyamini 1997; Jylhd 2009). Self-rated health captures a wide range of
both health conditions and underlying mechanisms. Utilizing an ordinal
form of SRH yielded similar results.

Cardiometabolic and muscular-skeletal physical health conditions

GEMON respondents were asked if they had ever been diagnosed by a doc-
tor with a series of health conditions and diseases. Indicator variables iden-
tify those affirming diagnosis for cardiovascular disease or diabetes (yes = 1;
no = 0). A third indicator identifies those with a BMI equal to or above
30.0 as obese. As a measure of muscular-skeletal health, we use a number of
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functional limitations (0-3). The measure is based on three items that assess
whether the individual has difficulty walking 400 meters without stopping,
carrying an object of 5 kg a distance of 10 meters, and bending to pick up
something from the ground.

Sensory impairment

Visual impairment is a dichotomous measure of whether individuals have
issues reading small letters or whether they have trouble recognizing people
at a distance of 4 meters. Auditory impairment is a dichotomous indicator
designating whether the respondent has trouble following a conversation
with three or more people.

Socioeconomic outcomes

Educational attainment is an ordinal measure capturing respondents” highest
educational degree achieved, where 1 = secondary or less, 2 = professional
degree (equivalent to an associate degree), 3 = bachelor’s degree, and 4 =
postgraduate degree (MA/PhD)°. Income quintile indicates the quintile the
respondent occupies in the Dutch income distribution.

Analytic approach

We utilize a difference-in-difference (DID) approach to estimate the treat-
ment effect of being exposed to a context of famine, using the following
equation:

Yi=a+BiTi+ BRi+ BT xR + BiZ; + ¢

where Yj; represents the outcome of interest j for individual 7. T; represents
a vector of dummy variables that stem from the categorical variable that
delimits the timing of exposure to famine for individual 7, and R; represents
a vector of dummy variables that stem from the categorical variable for a re-
gion of birth for individual i. These two sources of variation—time and place
of birth—are random in nature, allowing a DID estimator. The parameters
of interest are the set of interaction terms T;xR; (i.e., B3 ) representing the
treatment effect of being a particular age in the Western provinces of the
Netherlands during the winter of 1944-1945. They represent the effect of
famine exposure over and above the effect of birth in a region in the West,
and the period effect of being born at a particular moment in time. Finally,
Z, represents survey fixed effects variables which capture the variation be-
tween the two waves of GEMON.

Results

Table 1 provides descriptive statistics for all outcomes by age during the
exposure period and by treatment group. For simplicity, we summarize
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TABLE 2 Difference-in-difference logistic regression estimates for positive
self-rated health

Females Males
Interactions B SE B SE

Famine region x first trimester —0.02 (0.14) —0.32" (0.14)
Famine region x second trimester 0.07 (0.13) -0.27" (0.13)
Famine region x third trimester —0.09 (0.13) —0.07 (0.13)
Famine region x Ages 1-4 0.1 (0.06) —0.04 (0.06)
Famine region x Ages 5-9 0.11 (0.07) 0.01 (0.07)
Famine region x Ages 10 — 14 0.07 (0.07) 0.01 (0.07)
Famine region 0.11+4 (0.06) 0.04 (0.06)
Birth groups

First trimester —0.25" (0.09) —0.139 (0.10)
Second trimester —0.25" (0.76) -0.023 (0.08)
Third trimester —0.02 (0.07) —0.01 (0.07)
Ages 1-4 —0.24™ (0.04) —0.247" (0.04)
Ages 5-9 —0.51"" (0.04) —0.642"" (0.05)
Ages 10-14 —0.88"" (0.05) —1.045™" (0.05)

descriptive statistics for childhood as one group. In the analysis, we dis-
aggregate by timing of exposure. Overall, children living in famine regions
show a higher prevalence of negative health outcomes, including poor SRH,
cardiovascular disease, diabetes, and auditory and visual problems. How-
ever, there are no differences in socioeconomic standing. Those exposed in
utero show stark differences in self-rated health, cardiovascular disease, di-
abetes, obesity, and auditory problems. Conversely, the differences between
famine areas and nonfamine areas for those born postfamine show the re-
verse tendency, with the areas previously effected by famine demonstrating
better health across nearly every outcome. Sixty-two percent of those liv-
ing in the famine region reported positive SRH, compared to 72 percent
among those living in nonfamine provinces. Similarly, those who were in
utero in the famine region also had lower SRH than those in nonfamine
regions, though the gap was smaller. Conversely, for the postfamine con-
trol group those residing in the region previously affected by famine show
better SRH than in the nonfamine region. Similar patterns between famine
and nonfamine regions in distinct age groups can be found across multiple
outcomes. For instance, cardiovascular disease prevalence is 11.4 percent
for those who lived in a famine region during childhood, whereas their un-
exposed counterparts had a 7.8 percent prevalence.

Table 2 presents DID estimates for positive self-rated health. The
treatment effect of being exposed to famine for each age group is reflected
in the interaction terms. Each of these is estimated separately by gender.
As can be seen in the table, there are no significant effects of famine
exposure at any stage for females. However, for males there are effects for
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those exposed in the first and the second trimesters. Those exposed in the
first trimester had a 27 percent (e °>? = (1 — 0.73 " 100)) lower odds of
reporting a positive self-rated health above and beyond regional and cohort
differences. Similarly, those exposed during the second trimester had 24
percent (¢e?” = (1 — 0.76 "100)) lower odds of a positive self-rated health
above and beyond regional and cohort differences.

Table 3 presents DID estimates of effects of famine exposure on phys-
ical health for each cohort by gender. The results show a pattern where the
earlier the timing of exposure, the higher the risk of developing diseases
due to famine exposure. This is true not only because most effects are found
among respondents who lived through the famine while in utero, but ad-
ditionally because the results show the strongest effects concentrate in the
first and second trimesters of gestation. Males exposed in the first trimester
had a 33.6 percent (¢’*° = (1 — 1.336 * 100)) higher odds of reporting a
cardiovascular disease above and beyond regional and cohort differences.
There is a similar effect for females as well, as they show 35 percent higher
odds of reporting cardiovascular disease if they were exposed in their
first trimester. Additionally, males exposed in their second trimester had a
55.3 percent (¢’** = (1 — 1.553 " 100)) higher odds of reporting diabetes
above and beyond regional and cohort differences.

Beyond an enhanced vulnerability as a function of how early on
the exposure to famine occurs, there are stark gender differences. Males
are considerably more vulnerable to famine effects while in utero overall.
Results suggest males experience increased probabilities of developing
diabetes, cardiovascular disease, obesity, as well as a higher number of
functional limitations as a cause of famine exposure. For females, there
seems to be greater resilience in terms of developing most physical con-
ditions. Females who were in utero during the famine show increased
probabilities of developing cardiovascular disease and having a higher
number of functional limitations.

Figure 3 presents average marginal effects for the DiD regression es-
timates of famine exposure on various later life physical health outcomes
for each exposure and gender group. Overall, effects of famine above and
beyond cohort and regional differences are concentrated within in utero
periods. The only condition that registers statistically significant treatment
effects outside of the in utero stage is obesity, where women exposed at ages
1-4 experience higher risk. The results show exposure to famine in the first
trimester increases the risk of developing cardiovascular disease by approx-
imately 7 percent for males and females. For diabetes, the first trimester
exposure increases risk by approximately 6 percent for males. Similar and
magnitude of effects are found for obesity and functional limitations.

Table 4 presents DID estimates of auditory and visual impairments.
For visual impairment, there are no treatment effects that are statistically
significant either. Yet, famine exposure does increase the risk of developing
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FIGURE 3 Average marginal effects of famine exposure on physical health
by timing of exposure and gender
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auditory impairment for males. Males exposed during the second trimester
show 71 percent (¢*°*> = (1.71 — 1 " 100)) higher odds of developing an
auditory impairment.

Table 5 presents estimated famine effects on socioeconomic outcomes.
As seen in the first set of columns, with the exception of females exposed
in the first trimester of gestation or at ages 10-14 exposure to famine de-
creases the odds of attaining a higher educational degree for all individuals.
The severity of the impact is larger for males than for females. Importantly,
as predicted the postnatal famine exposure is more consequential for
educational attainment than in utero. For instance, the largest treatment
effect for males is observed among those exposed at ages 1-4. Those ex-

posed to famine at ages 1-4 show increased odds by 47 percent (%% =
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TABLE 4 Difference in difference logistic regression estimates for auditive
impairment and visual impairment

Auditive impairment Visual impairment
Females Males Females Males
Interactions
Famine region x first 0.22 0.32 0.31 —0.04
trimester
(0.29) (0.31) (0.31) (0.28)
Famine region x second —0.03 0.535" -0.3 0.02
trimester
(0.24) (0.23) (0.30) (0.22)
Famine region x third —0.04 —-0.29 —0.16 0.1
trimester
(0.26) (0.32) (0.31) (0.23)
Famine region x Ages 1-4 —0.01 0.13 —0.06 0.06
(0.10) (0.11) (0.12) (0.09)
Famine region x Ages 5-9 0 —0.04 0.02 —0.12
(0.10) (0.10) (0.12) (0.09)
Famine region x Ages 0.01 0.14 —0.06 —0.08
10-14
(0.10) (0.09) (0.12) (0.09)
Famine region —0.249" -0.21" -0.14 —0.09
(0.08) (0.07) (0.09) (0.06)
Birth groups
First trimester —1.191™ —1.702™" 1.114™ —-1.227"
(0.05) (0.19) (0.07) (0.05)
Second trimester —0.871"" —1.203™ 0.918™ —0.819™"
(0.05) (0.17) (0.07) (0.05)
Third trimester —0.39449 —0.680™" 0.421™ -0.371""
(0.05) (0.14) (0.07) (0.05)
Ages 1-4 —1.508" —1.6™ 1.293™ —1.25™
(0.17) (0.06) (0.20) (0.16)
Ages 5-9 —1.224™" —1.755"" 1.049™ —1.09™"
(0.12) (0.05) (0.15) (0.12)
Ages 10-14 —1.446"" —-1.633" 1.261™" —1.423"
(0.12) (0.05) (0.14) (0.12)

NOTES: Standard errors in parentheses;

tp <0.1, " p < 0.05 “p < 0.01, “p < 0.001.

Ref. group for cohort variables: born 1-4 years after famine. Survey fixed effects to capture potential differences
through GEMON waves are included (not shown).

1 — 0.53 "100)) to be in a lower educational category compared to those
unexposed. Those exposed in the third trimester as well as in ages 5-14
show slightly smaller effects.

The results for income there share notable similarities to those for ed-
ucation. Effects are concentrated among males, with no statistically signifi-
cant treatment effects for females (though coefficients were in the expected
direction). The largest treatment effect is found for those who were exposed
in the third trimester of gestation. Those exposed at this stage of gestation
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TABLE 5 Difference in difference ordered logistic regression estimates for
education and income quintile

Education Income quintile
Females Males Females Males
Interactions B SE B SE B SE B SE

Famine region x —0.39" (0.13) —0.27"" (0.08) 0.02 (0.10) —0.08 (0.12)
first trimester

Famine region x —-0.29" (0.13) —0.46™" (0.08) —0.12  (0.10) —0.12  (0.11)
second trimester

Famine region x -0.4" (0.14) —0.59"" (0.08) —0.12  (0.12) —0.27" (0.10)
Third trimester

Famine region x —0.26" (0.09) —0.64™" (0.14) —0.08 (0.05) —0.17" (0.06)
Ages 1-4

Famine region x —-0.19° (0.10) —0.51"" (0.12) 0.02 (0.05) —0.09" (0.06)
Ages 5-9

Famine region x —-0.11  (0.10) —0.57"" (0.12) 0.09T (0.05) —0.04 (0.06)
Ages 10-14

Famine region 0.55™ (0.09) 0.86™ (0.08) 0.25 (0.04) 0.43 (0.05)

Birth groups

First trimester 0.73" (0.07) 1.63™ (0.07) 1.0™ (0.05) 1.01" (0.05)

Second trimester 0.78" (0.08) 1.63™ (0.07) 1.08™ (0.06) 1.03™" (0.06)

Third trimester 0.83"" (0.09) 1.65™ (0.08) 1.12"" (0.07) 0.98™ (0.07)

Ages 1-4 0.66™" (0.06) 1.49™" (0.05) 0.81" (0.03) 0.77"" (0.03)

Ages 5-9 0.36"" (0.06) 1.01™ (0.05) 0.34™ (0.03) 0.29™ (0.03)

Ages 10-14 0.19" (0.06) 0.62™ (0.05) 0.1 (0.03) 0.04 (0.04)

NOTES: Standard errors in parentheses;

tp < 0.1, " p < 0.05 “p < 0.01, “p < 0.001.

Ref. group for cohort variables: born 1-4 years after famine. Survey fixed effects to capture potential differences
through GEMON waves are included (not shown).

show a 24 percent (¢%?” = (1 — 0.76 "100)) increase in the odds of being
in a lower income. To a lesser extent, there are famine effects concentrated
among individuals who lived through the famine at ages 1-4 and 5-9 as
well. For an easier appreciation of these differences, we plot the treatment
effects in Figure 4 for each cohort and gender. The results show there is a
decrease in educational attainment for most cohort groups due to exposure
to famine.® The largest effect is located in males exposed at ages 1-4, where
famine exposure decreased the likelihood of having a higher educational
attainment category by approximately 22 percent

To formally test gender differences, we estimated pooled-gender mod-
els and we include gender X age X famine region three-way interaction
terms. For simplicity, we display these results in the Appendix. We find
males presented a higher risk of developing diabetes, functional limitations,
auditory impairment, lower self-rated health, and lower income if exposed
in utero. For education, we find males display lower levels if exposed from
ages 1 to 9. We find no statistically significant differences for the rest of
outcomes in the study.
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FIGURE 4 Average marginal effects of famine exposure on socioeconomic
indicators by timing of exposure and gender
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Sensitivity analysis

The DID approach used here rests on a set of assumptions. Most crucial is
the parallel trend assumption (Branas et al. 2011; Gangl 2010; King et al.
2013). That is, in the absence of the treatment, the trends in the outcome
between the control group and treatment group are the same. In the current
case, suggestive evidence that this assumption is met can be seen in overall
differences in health in between famine regions and nonfamine regions.
They are either nonexistent or are positively higher in famine regions for
those cohorts who were born after the famine period.

In addition, we perform two placebo tests based on variation in time
and in place to provide further evidence. The first test restricts the sample
to those individuals outside of the affected areas. Subsequently, we ran-
domly dichotomize regions into “affected” and “nonaffected” regions within
the nonaffected areas, this is all regions besides the Western provinces
(i.e., Noord-Holland, Zuid-Holland, and Utrecht). These estimates provide
a “placebo” test for the source of variation that stems from the region of
birth. The second robustness test consists of restricting the analysis to the
post-WWII cohorts and randomly dichotomizing individuals into treated
and control groups. These estimates provide a “placebo” test for the source
of variation that comes from the timing of birth for different cohorts. The
results of these tests show the “placebos” had no effect on either of the
samples, indicating differences are attributable to famine exposure. These
results are available in Appendix.
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We conducted additional analyses on ancillary measures of health, in-
cluding a number of chronic conditions, stroke, and risky behaviors (i.e.,
excessive drinking and daily smoking). In regard to the number of chronic
conditions, we find a similar pattern to the results obtained in studying
physical health. Males exposed to famine during the second and third
trimesters of gestation show a higher number of chronic conditions. We
did not find any effects on stroke for any cohort group or gender. In rela-
tion to risky behaviors, despite coefficients in the expected direction (i.e.,
famine exposure increases risky behaviors), there are none that are statis-
tically significant.

Selection effects

A potential threat to the validity of the results is selection effects due to dif-
ferential mortality, migration, and fertility. Selection effects related to mor-
tality can pertain to immediate impacts on mortality or to delayed impacts
on mortality (i.e., longevity). Previous research has found immediate excess
mortality across all age groups in response to the Dutch Famine, yet; there
was a heightened excess mortality for those who were exposed during their
first year of life and for those who were 70 years of age and above (Ekamper
et al. 2017; Lumey and Van Poppel 1994).

In terms of longevity, those exposed during adolescence and early
childhood show small effects of famine exposure on mortality, and such ef-
tfects become more pronounced for cohorts exposed during infancy and in
utero. Shortened longevity essentially disappears for cohorts born immedi-
ately after the famine. Considering the results show heightened vulnerabil-
ities for cohorts exposed in utero and infancy, and a resilience for cohorts
exposed at older ages, it is likely the effects shown in this study’s estimations
are understated. Appendix B presents survival analysis estimates of differ-
ential hazard rates by gender and by timing of exposure. We find males
experience a reduction in longevity as a consequence of the exposure to
famine, with heightened effects if exposure occurred in utero. This implies
our findings in this study are like to be underestimates, as those males that
were most affected by the famine were less likely to survive to participate
in 2016.

In terms of fertility, previous research has shown famine exposures can
have strong effects on both fertility and fecundity. Stein and Suzzer (1975)
found steep drops in births during the Dutch Hunger Winter, followed by
rapid catch-up in births once the famine ended. They also observed distinct
social class differences, where parents in manual labor occupations expe-
rienced the most pronounced drops in fertility during the famine and the
largest catch-up fertility afterwards. Razzaque (2008) found similar patterns
in rural fertility during the 1974 Bangladesh famine. Hence, it is possible
there are strong selection effects regarding Socioeconomic Status (SES).
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Potentially, a larger number of babies selected into the treatment groups
come from a higher SES background as fertility in high SES was more re-
silient to famine effects. Similarly, the control group is potentially comprised
of a greater proportion of babies born to lower SES backgrounds. If this
were the case, it is likely the famine effect presented above is understated.
Our estimates are also potentially subject to selection effects due to mi-
gration. Specifically, there are two patterns of migration that would threaten
the validity of our estimates. The first is if exposed pregnant women living
in the famine region migrated to the nonfamine region during the famine
period, then gave birth in the nonfamine region. As a result, the later
life outcomes from those births would be incorrectly counted among the
nonexposed group, biasing our estimates downwards. The second prob-
lematic pattern would be if there was differential permanent migration
out of the Netherlands by famine exposure. Those that permanently left
the Netherlands prior to GENMON enrollment would not show up in the
data. If that group was more heavily concentrated among those exposed or
not exposed to the famine then our results would be biased downwards or
upwards, respectively. Otherwise, assuming the Dutch census accurately
records the place of residence during the famine period, subsequent internal
migration after the famine would have no adverse impact on our estimates,
as these are identified based exclusively on residence during the famine.
In order to assess potential migration effects, we examined patterns of
internal migration of the Dutch population for each cohort using Survey of
Health, Ageing, and Retirement in Europe life history data. Approximately,
4-6 percent of the Dutch population experienced migration prior to the
beginning of WWIIL. During WWII, this percentage rises to approximately
10 percent. External migration was unlikely at that time, as only 2 percent
of the Dutch population left the country. Furthermore, we analyzed mi-
gration patterns for those exposed to famine from postfamine periods to
2016. The average proportion of migration from the western Netherlands
to other regions is approximately 20 percent. However, migration patterns
are stable across cohorts, indicating the likelihood of our estimates being
biased is unlikely. We further test potential effects by formally modeling the
impact of famine exposure on postfamine migration. We find no statistically
significant effects. Furthermore, we also modeled the effect of postfamine
migration on health outcomes in later life and find no statistically significant
associations. In light of these tests, we believe migration is not substantially
affecting our estimates. These results are available in the Appendix.
Famine treatment effects may also be confounded by outside war-
related stressors. For example, if the famine regions were more likely to
experience other stressors, such as violence and proximity to combat, then
what is characterized as a treatment effect of famine may be the result of
the war itself. To examined this, we looked at historical data on the loca-
tion and timing of conflict events (bombing, frontline movements, battles,
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etc.) in the Netherlands between 1941 and 1945. Provinces with the highest
concentration of combat events were the Southern and Northern provinces
especially in around the Arnhem area during the Allies failed Operation
Market Garden. The Western (famine-affected) and Eastern provinces ex-
perienced lower concentrations of combat events throughout the war pe-
riod (Ellis 1994; Cheng 2004).” Data on excess mortality during the war
further bears this out. Famine-affected Western regions experienced less
war-related excess mortality from external causes (e.g., injuries) and from
infectious/parasitic diseases (Ekamper 2017). These imply that our esti-
mates are most likely biased downward, as the implicit comparison groups
in nonfamine regions were simultaneously experience conditions likely to
adversely impact the outcomes examined.

Discussion

While prior research has established the in utero period as highly sensitive to
malnutrition, this work tends to focus narrowly on the gestational window,
eschewing a more comprehensive developmental approach. Furthermore,
most extant research has only examined one or two specific health con-
ditions at a time in isolation, with few comparisons across a wider array of
exposure timings and life course outcomes. As a result, questions about how
various early life sensitive periods across developmental domains differ in
terms of vulnerability to the effects of malnutrition remain largely underex-
plored. In addition, scant research has examined the extent to which there
are gender differentials in the long-term effects of early life malnutrition.

Using a unique dataset combining a large, nationally representative
health survey and population registry data, the current study attempted to
fill these gaps by re-examining the Dutch Hunger Winter. This study high-
lights the notion that windows of vulnerability to malnutrition open and
close contingent on the stage of development not only in terms of severity
but also in regard to the nature of consequences. We hypothesized that in
utero exposure to malnutrition results in biological adaptations, increasing
risks of cardiometabolic, muscular-skeletal physical problems, and senso-
rial impairment in later life. However, as the timing of exposure shifts to
the postnatal and later childhood periods, different developmental processes
come into play. As such, we hypothesized vulnerabilities to famine expo-
sure shift from being primarily biological in nature to increasingly impacting
processes implicated in social development and outcomes (education and
income).

Our results show the in utero window is most vulnerable to mal-
nutrition effects that lead to physiological consequences consistent with
metabolic syndrome in later life (e.g., diabetes, cardiovascular disease,
obesity) as well as muscular-skeletal deficiencies and auditory impairment.
Conversely, for cohorts exposed at later developmental stages (childhood
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and adolescence), results suggest a resilience to the effects of malnutrition
on physical health in late life, but a higher vulnerability with regard to
socioeconomic indicators.

Finally, research from developmental biology has shown that some
structures and systems develop faster in female fetuses, shortening the win-
dow of vulnerability to insults during critical developmental periods for
males. Therefore, we hypothesized important gender differentials in which
famine exposure would result in more severe and frequent deleterious
physical health conditions in later life for males relative to females. The
results support this hypothesis. Male babies exposed in utero show stronger
negative consequences across a wider array of conditions (self-rated health,
cardiovascular disease, obesity, functional limitations, and auditory impair-
ment) than their female peers.

We also found important gender differences in the impact of on so-
cioeconomic outcomes. Compared to their similarly exposed female peers,
males show substantially larger reductions in educational attainment re-
sulting from famine exposure. Interestingly, the differences are especially
pronounced if the exposure occurred during childhood and adolescence.
Furthermore, in terms of reductions in income, we only find effects among
males. We believe part of the gap is likely due to differential gender and
biological processes contingent on when the exposure occurred in the life
course. Famine exposure occurring in utero or early childhood is likely to
impact brain development and cognitive abilities, which would in turn af-
fect educational attainment. However, for exposures occurring during later
childhood and adolescence, processes related to social and gender role ex-
pectations are likely to be more important. The cohorts examined here were
brought up prior to the gender revolution of the 1960s and 1970s (Goldin
2006). Hence, it is likely that highly gendered social and educational expec-
tations played an important role in the extent to which early life exposure to
famine impacted socioeconomic attainment differentially among boys and
girls. If educational expectations and investments were substantially cur-
tailed for girls relative to boys, then early life exposures which stunted the
top of cognitive and achievement distributions would appear to be less con-
sequential for the socioeconomic outcomes of girls.

The Dutch Hunger Winter literature often overlooks the fact that war
and famine are contextual phenomena that exceed individuals’ exposure
to physical violence or food shortages. Although the primary hazard was
a severe food shortage, the period of the Dutch Hunger Winter was fur-
ther characterized by high levels of violence, infrastructure and institutional
breakdown, extreme cold, overcrowding, military executions, and break-
down of sanitation systems (Ekamper et al. 2017; Lumey et al. 2011). Such
contextual exposures are likely to have important implications for cognitive
development as well as educational and occupational outcomes.



982 WINDOWS OF VULNERABILITY

As such war-related exposures can induce high levels of stress, which
may have long-lasting physiological impacts apart from malnutrition or
which may compound famine effects. A wide array of animal studies show
that young adults exposed in utero to maternal psychosocial stress—and
postnatal stress—lead to a dysregulation in key physiological systems, in-
creasing the risk for developing higher BMI and percent body fat, primary
insulin resistance, and a lipid profile consistent with the metabolic syn-
drome (Entringer and Wadhwa 201 3; Kuzawa and Quinn 2009b; Paternain
et al. 2013; Thayer and Kuzawa 2015). While we are not able to test dif-
ferential effects via malnutrition or via psychological stress, it is important
to recognize that stress processes induced by the famine and the broader
context of war it accompanied likely contributed to adverse health in later
life, independently of those related to nutritional deprivation presented
here. In other words, the estimated long-term effects of the Dutch Hunger
Winter are not likely to be purely the result of famine/nutrition-related
processes. Rather, malnutrition is likely to be but one axis within a broader
deleterious social, material, and psychological milieu cascading across the
life course of effected cohorts.

It is worth noting the Dutch Hunger Winter lasted approximately —six
to seven months. While the effects found in this study might seem small at
a first glance, if one takes into consideration the duration of the famine, it
is clear the effect sizes are quite substantial. One can only imagine the long-
term effects of famines of longer durations (e.g., the Spanish post-Civil War
famine lasted from 1939 to 1950) or persistent and prolonged malnutrition
experienced in many contemporary low-income contexts. As such the
findings have important policy implications. While substantial progress has
occurred over the past two decades in reducing malnutrition, particularly
in Asia, Latin America, and the Caribbean, globally, stunting and wasting
continue to be a major concern. Around the world, approximately 150
million children under the age of 5 suffer from stunting® another 45 million
suffer from wasting” (FAO 2021). UNICEF, WHO, and other organizations
specializing in famines, wars, and natural disasters have placed their focus
on what is known as the essential nutrition actions (ENA). These policy
actions provide nutrition interventions targeting the first 1,000 days of life
with the aim of reducing infant and child mortality, improving physical and
mental growth and development, and improving productivity. While the
first 1,000 days of life are crucial, the present study shows interventions
should also focus on expectant mothers and women in childbearing ages.
Additionally, children outside the 1,000 first days of life window are also
vulnerable, and at least for some outcomes, maybe even more so than
infants and those in utero. Our results present compelling evidence sup-
porting the notion that exposure during childhood and adolescence has the
greatest effects on reductions in educational attainment. These education
effects are likely to have lasting impacts on a wide variety of health and
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social outcomes across the life course. Overall, the results highlight that
policies to improve early life nutrition and eliminate malnutrition are
likely to yield large long-term population health benefits beyond specific
improvements to childhood health and survival.

Ultimately, the present study highlights the importance of consider-
ing multiple windows of vulnerability, spanning various developmental do-
mains. As individuals move through different developmental stages, a mul-
tiplicity of critical periods can lead to heterogeneous outcomes contingent
on when the exposure to malnutrition occurs. It further emphasizes the
important role that gender plays in modulating malnutrition-induced alter-
ations to developmental trajectories.
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Notes

1 Results based on calculations by
*authors’, using nonpublic microdata from
Statistics Netherlands. Under certain con-
ditions, these microdata are accessible for
statistical and scientific research. For further
information: microdata@cbs.nl.

2 Previous research has asserted per-
centages of missing data between 10% and
15% are inconsequential for the results of
analyses (Dong and Peng 2013; Enders 2010;
Johnson and Young 2011). For this rea-
son, we opted to utilize listwise deletion ap-
proaches in our analysis.

3 Sample size by cohort is available in
Table 1. descriptive statistics.

4 With the exception of education and
income, all measures included in the study
are of a dichotomous nature. While the
dataset used for the study only offers such
measures in a dichotomous format, in partic-
ular for diagnoses, it is worth noting that con-
tinuous or ordinal measurements could yield
richer differences in severity of conditions.

5 This educational scale is taken as pro-
vided by the GEMON dataset and is particular
to the Dutch society.

6 It is important to note we do not ex-
plore indirect effects acting via educational
attainment. It is possible reductions in in-
come (and other outcomes related health)
may operate via indirect effects. Because this
expands beyond the scope of this particular
study, we opted to exclude such analysis.

7 A deeper discussion on the matter as
well as descriptive statistics sourced from
Ekamper (2017), Ellis (1994), and Cheng
(2004) is available in the Appendix.

8 Stunting is defined as an impaired
growth and development that children expe-
rience as a consequence of poor nutrition and
infections and can have irreversibly effects on
cognitive and physical development, as well
as an increased risk of chronic and degener-
ative diseases.

9 Low weight-for-height is known as
wasting. It usually indicates recent and se-
vere weight loss because a person has not had
enough food to eat and/or they have had an
infectious disease (e.g., diarrhea).
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