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Abstract

When a negative shock affects a cohort in utero, two things may happen: first, the
population suffers detrimental consequences in later life; and second, some will die as
a consequence of the shock, either in utero or early in life. The latter effect, often
referred to as culling, may induce a bias in estimates of later life outcomes. When the
health shock disproportionately affects a positively selected subpopulation, the long-
term effects are overestimated. The 1918 flu pandemic was plausibly more harmful
to mothers of high socioeconomic status, as a suppressed immune system in mothers
of low socioeconomic status may have been protective against the most severe conse-
quences of infection. Using historical birth records from the city of Bern, Switzerland,
we assess this concern empirically and document that a careful consideration of culling

is paramount for the evaluation of the 1918 flu pandemic and other fetal health shocks.

JEL Classification: 110, 115, 118, N34, J24.

Keywords: Fetal origins hypothesis, 1918 flu pandemic, culling, survivorship bias.

*Corresponding author: Harald Mayr, University of Zurich, Department of FEconomics,
Zirichbergstrasse 14, 8032 Zurich, Switzerland; email: harald.mayr@econ.uzh.ch



1 Introduction

Selective mortality threatens the internal validity of many studies that estimate the effect
of fetal health shocks. Nevertheless, empirical evidence on the importance and nature of
culling (i.e. selective fetal mortality) is surprisingly scarce. The fetal origins literature
seems to agree that culling is innocuous in the sense that it induces a bias toward zero.
We challenge this assumption and argue that ‘survival of the weakest’ can imply a bias
away from zero. Specifically, for the 1918 flu pandemic, it is plausible that women with a
suppressed immune system were partly protected against the most severe consequences of
the virus. We evaluate this possibility using birth records from the maternity hospital in
Bern, Switzerland. Our results indeed suggest ‘survival of the weakest’.

When a negative health shock affects a cohort in utero, two things may happen: firstly,
the population suffers detrimental consequences in later life; secondly, some will die as a
consequence, either in utero or early in life. The former effect is in line with the fetal origins
hypothesis, famously proposed by Barker (1990). The latter is often referred to as culling.
Culling can induce a selection bias in estimates of later life outcomes, also referred to as
survivorship bias or survivor bias. The implications of culling bias depend on the affected
sub-population’s unobserved determinants of human capital. If those affected by culling
have relatively bad unobserved determinants of human capital — i.e. they are relatively
‘weak’ in terms of potential outcomes — the estimated effect of the fetal health shock is
biased towards zero. This view is expressed in many studies on fetal health shocks, e.g.
in the review of Almond and Currie (2011): “/...] estimates of the effects of fetal health
shocks are generally conservative when the shock also increases mortality.” The assumption
that those affected by culling would have had relatively bad (or at least similar) potential
outcomes is crucial for the internal validity of many studies investigating the long-term
impact of a fetal health shock. While this assumption is plausible in many settings, it is
fundamentally untestable, often difficult to assess, and hard to justify in certain cases.

We focus our analysis on the perhaps most prominent fetal health shock in the eco-
nomics literature: the 1918 flu pandemic. The work of Almond (2006) exploits the 1918 flu
pandemic as an exogenous fetal health shock, a methodological improvement that sparked a
lively literature on the impact of fetal health shocks on later life outcomes. Almond (2006)
finds strong negative effects on later life outcomes and argues that culling potentially biases
his estimates towards zero. It might seem natural to assume that those affected by culling
are negatively selected, but the medical literature indicates that the nature of culling in the
1918 flu pandemic is more complex. Recent medical evidence suggests that age groups were
affected differently because of childhood exposure to related flu strains (Worobey et al.,
2014). Moreover, “vigorous immune responses directed against the virus in healthy young
persons could have caused severe disease in 1918” (Morens et al., 2010). While the role
of the immune system in influenza infection is highly complex and incompletely under-

stood (Iwasaki and Peiris, 2013), it is plausible that women with a suppressed immune



system were partly protected against the most severe consequences of the virus (Morens
et al., 2010). If this holds true, and children of mothers with a suppressed immune system
have relatively bad potential outcomes in later life, the estimates of Almond (2006) and
similar studies of the 1918 flu pandemic might be inflated by ‘survival of the weakest’.

It is well documented that culling was quantitatively important in the 1918 flu pandemic
as “influenza [...] acted like a veritable plague, carrying off pregnant women as it did no
other class of people” (Titus and Jamison, 1919). Mortality rates among infected women
were documented at 27%, while pregnancy termination was observed in over 50% of infected
pregnant patients (Harris, 1919; Bland, 1919). Pregnant women were affected so severely,
that the medical profession discussed whether abortions should be recommended (Titus and
Jamison, 1919). More recent evidence shows substantial decreases in birth rates (Bloom-
Feshbach et al., 2011) and increased risks of stillbirth (Nishiura, 2009) in the months after
the 1918 flu pandemic.

We create a new data set from historical birth records in the maternity hospital of Bern,
Switzerland, to shed light on culling during the 1918 flu pandemic. These data provide us
with detailed information on all women delivering babies in the maternity hospital in Bern
between 1913 and 1922. The deliveries in our data represent a subsample of the population,
and exclude home deliveries and women delivering babies in other hospitals. Using still-
birth as a direct measure of culling, our empirical results demonstrate that stillbirths were
substantially increased by the 1918 flu pandemic: we find a 4.4 percentage points higher
stillbirth probability at peak exposure in trimester 1 and slightly smaller effects in trimesters
2 and 3.

Assessing the nature of culling is challenging because the potential later life outcomes of
those affected by culling are naturally unobservable. As a second-best option, we propose
an observed variable that is plausibly related to later life outcomes: marital status. In
the early 20th century, single mothers in Switzerland were discriminated against at all
levels—economically, socially, and legally (Kraft, 1908). Their children grew up in generally
unfavorable living conditions, including a lack of breastfeeding, poor nutrition, and low
education levels (Kraft, 1908). We find that culling during the 1918 flu pandemic was
almost exclusively driven by married mothers. This finding provides suggestive evidence for
‘survival of the weakest’ in the 1918 flu pandemic.

We conclude that careful consideration of the nature of culling is paramount for the
evaluation of any fetal health shock; whether a health shock leads to culling or survival
of the weakest in a given context must be thoroughly evaluated. To illustrate the broader
implications of our paper, we discuss two well-studied fetal health shocks: the Dutch potato
famine of 1846-1847 and the French phylloxera crisis of 1863-1890. Survival of the weakest
appears to be unlikely in the former case, but is potentially more concerning in the latter.
We conclude that the direction of culling bias in a given context must be thoroughly assessed.

The remainder of this paper is structured as follows. Section 2 discusses culling in the

context of the fetal origins literature, Section 3 describes potential culling mechanisms for



the special case of the 1918 flu pandemic, and Section 4 discusses the historical background.
Section 5 explains the empirical research design, including data, descriptive statistics, and
the estimation strategy. Section 6 describes the empirical results, Section 7 discusses the

implications of our paper for the literature on fetal origins, and Section 8 concludes.

2 Culling in the fetal origins literature

The fetal origins hypothesis postulates that fetal conditions may have persistent (and pos-
sibly latent) health effects that reflect a biological mechanism (Almond and Currie, 2011).
While David Barker was not the first to hypothesize latent health effects of early life con-
ditions (e.g. Forsdahl, 1977), his name became almost synonymous with the fetal origins
hypothesis (Barker, 1990). Since then, this hypothesis has received much attention in the
fields of epidemiology, epigenetics, and economics. Rigorous testing of the fetal origins
hypothesis, however, is a difficult empirical task.

The seminal work of Almond (2006) broke new ground in the study of fetal origins.
He uses the 1918 flu pandemic as a natural experiment to test the fetal origins hypothesis
and extends the discussion to non-health endpoints. Almond (2006) finds strong negative
effects of exposure to the 1918 flu pandemic on socioeconomic status, education, and labor
market outcomes. These findings proved highly influential and triggered a comprehensive
economics literature on the effects of the 1918 flu pandemic and other fetal health shocks.

To date, the effects of fetal exposure to the 1918 flu pandemic on various outcomes were
evaluated in different countries. Examples include the US (Almond and Mazumder, 2005;
Brown and Thomas, 2018; Beach et al., 2018; Garthwaite, 2008; Mazumder et al., 2010),
Brazil (Nelson, 2010), Taiwan (Lin and Liu, 2014), Switzerland (Neelsen and Straatman,
2012), and Sweden (Richter and Robling, 2016; Bengtsson and Hertz, 2015). Moreover,
researchers used similar methods to study a range of other fetal health shocks. These include
the Asian flu (Kelly, 2011), hunger crises (Almond et al., 2010; Lindeboom et al., 2010),
Ramadan fasting (Almond and Mazumder, 2011; van Ewijk, 2011; Almond et al., 2015;
Majid, 2015), agricultural shocks (Banerjee et al., 2010), stressful events (Camacho, 2008;
Currie and Rossin-Slater, 2013), infections (Barreca, 2010; Schwandt, 2018), environmental
pollution (Currie and Walker, 2011; Currie and Schwandt, 2017; Isen et al., 2017), and
various other fetal health shocks. Almond et al. (2017) provide a comprehensive summary
of this literature.

This large and growing body of literature uses adverse shocks to test the fetal origins
hypothesis. However, such a shock may not only scar survivors, but also affect whether a
fetus survives to eventually end up in the data set (Preston et al., 1998). There are many
ways in which such a culling effect may manifest: the adverse shock may prevent conception
biologically or as a parental choice, cause a miscarriage or a stillbirth, or lead to early

mortality. In all these cases, survivors constitute a potentially selected sample.



Whenever culling is correlated with potential outcomes,! estimated effects will be biased
if the researcher cannot effectively control for selection. This can be interpreted as an
omitted variable problem. As an illustration, we consider a simple linear model where the
later life outcome y is regressed on exposure to the fetal health shock e, and a set of control
variables X. The researcher aims to obtain a causal estimate of 3, in order to identify the
impact of the fetal health shock:

y=a+fe+yX +e(c)

Some unobserved determinant of human capital, ¢, positively influences the outcome
variable, i.e. Corr(y,c) > 0. In the sample of survivors, exposure to the adverse shock e
might be correlated with this unobserved variable c. Clearly, the sign of bias in 5 depends on
the correlation between these two variables. The literature usually assumes Corr(e, c) > 0,
implying that survivors either have comparable or favorable unobserved determinants of
human capital. In this case, the true scarring effect might be even larger and B\ would be a
conservative estimate of f3.

Assuming survivors to be positively selected might be plausible and convenient, but it
might not be appropriate in certain settings. More specifically, this assumption can be
violated in two ways—even if the health shock occurs unexpectedly. First, exposure to
the adverse shock might coincide with another event that affects subpopulations of parents
differently. Second, the adverse health shock itself might induce culling among a positively
selected subpopulation.

Brown and Thomas (2018) provide an example of the first threat during the 1918 flu
pandemic. Their results show that the US draft policy deterred parents of high socioeco-
nomic status from conceiving during the peak of the pandemic. Brown and Thomas (2018)
find that the effects of the flu pandemic become smaller and statistically insignificant once
socioeconomic variables are controlled for.?

In contrast to Brown and Thomas (2018), we argue that a fetal health shock itself can
induce culling among a positively selected subpopulation. This concern is difficult to address
with improved identification strategies. In particular, positively selected survivors would
inflate the estimated effects of a fetal health shock even if exposure was experimentally
assigned—‘survival of the weakest’ would imply differential attrition in this hypothetical
experiment.

In the next section, we turn to the case of the 1918 flu pandemic.

"'We refer to potential outcomes as the outcome that would have been observed in the absence of the
adverse shock. Depending on the context, subjects affected by culling may be positively or negatively
selected.

2Beach et al. (2018) use World War II enlistment records to exploit both time and spatial variation in
influenza exposure, as well as household fixed effects. Their results are consistent with the original findings
of Almond (2006).



3 Case of the 1918 flu pandemic

The 1918 flu pandemic was the most devastating of all known pandemics.® The virus infected
approximately one-third of the world’s population in three waves in 1918 and 1919, with
total deaths being estimated between 50 and 100 million (Taubenberger and Morens, 2006).
The pandemic was caused by a virulent influenza A virus of subtype HIN1. Infected persons
frequently developed pneumonia and related pulmonary infections. It was hypothesized that
the influenza infection itself did not directly cause mortality in the majority of cases, but
rather led to highly lethal secondary bacterial pneumonia (Brundage and Shanks, 2008).
Morens et al. (2008) examined lung tissue from 1918 influenza victims and find strong
evidence for this hypothesis. They conclude that the majority of deaths during the 1918
flu pandemic were likely due to bacterial pneumonia, which likely affected many pregnant
women (over 50% in the sample of Harris, 1919, suffered from pneumonia).

How socioeconomic status mediated the effect of the 1918 flu pandemic is subject to on-
going debate. The view that the 1918 flu pandemic was ‘socially neutral’ was investigated
by e.g. Mamelund (2006), who finds no significant effects of social class or marital status
on influenza mortality in 1918. Living in a small apartment and a poor parish, however,
increases the mortality hazard in his Norwegian data (Mamelund, 2006). More recent ev-
idence suggests that the first wave of the pandemic disproportionately hit the poor, while
the second wave hit the rich more strongly (Mamelund, 2018). Grantz et al. (2018) find
particularly high mortality rates among underprivileged households in Chicago. Bengtsson
et al. (2018) use Swedish data and find particularly high excess mortality among low-skilled
manual workers. They see no perfect social class gradient, and class differences during the
1918 flu pandemic were less pronounced among women (Bengtsson et al., 2018). We are not
aware of evidence regarding the impact of socioeconomic status on the effect of the 1918 flu
pandemic specifically among pregnant mothers.

Culling in the context of the 1918 flu pandemic most probably occurred in various
forms: maternal mortality, miscarriages, stillbirths, and abortions. In the wake of the
pandemic, mortality rates were documented at 27% among infected pregnant women (Harris,
1919) and 51% among infected pregnant women with suspected pneumonia (Woolston and
Conley, 1918). In terms of miscarriages and stillbirths, Harris (1919) and Bland (1919)
documented pregnancy termination in more than 50% of infected pregnant patients. Given
that pregnancy was such an important risk factor for influenza mortality, the scientific
community discussed whether pregnant women should be advised to have an abortion (Titus
and Jamison, 1919). More recently, Bloom-Feshbach et al. (2011) show that birth rates in
the US, Copenhagen, Norway, and Sweden declined substantially in the aftermath of the

1918 flu pandemic. Their results suggest that roughly 1 in 10 pregnant women were affected,

3See the overviews in Taubenberger and Morens (2006) and Barry (2009).



mainly by miscarriages in trimester 1.* Considering data from Japan, Nishiura (2009) find
a 10% to 30% increased risk of stillbirths because of the 1918 flu pandemic. Dahal et al.
(2018) find substantially increased stillbirth risk during the 1918 flu pandemic in Arizona.’
Reid (2005, p. 34) summarizes the literature on the effects of the 1918 flu pandemic on
pregnant women: “The ‘Spanish flu’ [...] hit pregnant women hard, with the consequent
effects of increased stillbirths |[...]”

In contrast to other flu pandemics, the mortality pattern of the 1918 flu pandemic was
highly unusual. While influenza mortality is normally concentrated among the very young
and the very old, many young and otherwise healthy individuals were affected in 1918
(Oxford and Gill, 2018; Taubenberger and Morens, 2006).

Worobey et al. (2014) study the origins of the 1918 virus and argue that certain cohorts
were protected by childhood exposure to genetically similar influenza viruses.® The very
old were likely exposed to a HIN1 virus in their childhood, offering them a high degree of
protection to the 1918 H1N1 virus. The next-oldest cohort was likely primed by a virus of
type HINS8, matching only one antigen of the 1918 virus. The cohorts around 29 years old in
1918 were likely exposed to a H3NS virus in childhood. Mismatching the 1918 virus on both
antigens, they would have had little protection in 1918. Those even younger experienced
another HINS virus, offering intermediate protection in 1918, and the very young were likely
unexposed to influenza at all. Worobey et al. (2014) show that this explanation matches
the actual data well, including the high mortality rates among individuals of prime age.

Morens et al. (2010) provide a competing explanation for the excess mortality among
young and healthy individuals: excessive immune response. Cytokines play an important
role in the human body’s innate immune response to influenza A infection.” While these
proteins are crucial for the human body’s protection against influenza A, they can cause
serious harm if the immune reaction is unregulated (Fukuyama and Kawaoka, 2011). So-

8 are particularly observed in H5N1 and virulent influenza strains,

called cytokine storms
and a cytokine storm might have had deleterious effects on the young and healthy who
were so strongly affected during the 1918 flu pandemic (Taubenberger and Morens, 2010).

Mounting evidence shows that the 1918 virus triggered a vigorous and pathogenic immune

4Mamelund (2012) discusses how behavioral changes induced by World War I, spousal separations, and
bereavement relate to these results. Bloom-Feshbach et al. (2012) argue that these explanations are unlikely
to explain the temporal pattern in their data.

SRecent evidence suggests that the 1918 flu pandemic decreased conception rates and increased mis-
carriages (Chandra and Yu, 2015; Chandra and Lu, 2015). We focus on stillbirth effects, because we can
directly observe this outcome in our data.

6Influenza protection by childhood exposure to related influenza strains in childhood is also discussed
in van Wijhe et al. (2018), Gagnon et al. (2018), Gagnon et al. (2015), and Gagnon et al. (2013). See
Baumgarth et al. (2013) for a comprehensive summary of antibody-mediated immunity in the context of
influenza infections.

"Hayden et al. (1998) experimentally infected human subjects with an influenza A virus of subtype HIN1
to investigate their cytokine response. See Iwasaki and Peiris (2013) for a comprehensive summary on innate
immunity in the context of influenza infections.

8A review of cytokine storms is provided by Tisoncik et al. (2012).



response.” Given these findings, it is plausible that those with the most vigorous immune
system suffered the most. Women with a suppressed immune system, however, might have
been protected from culling, potentially inflating the results in the literature by ‘survival of
the weakest’. Put differently, a suppressed immune system during a pregnancy characterized

by stress, malnutrition, or other environmental factors might have been lifesaving in 1918.1°

4 Historical background

4.1 Bern during World War 1

Despite neutrality, Switzerland suffered from the outbreak of World War I (WWTI) because of
its dependency on imports of grain and raw materials. The specialization of the agricultural
sector in producing mainly milk and meat products was seen as a problem at an early stage
(e.g. Johr, 1912).

In addition to the deteriorating trade conditions, military mobilization in August 1914
withdrew approximately 200,000 men from the labor market because military service was
compulsory (one-third of all men between 20 and 48 years of age were liable for military
service) (Senn, 2013). Throughout the war, the number of soldiers on duty varied between
26,742 (November 1918) and 103,226 (April 1917) (General Ulrich Wille, 1919). Without
compensation for income losses, one-third of soldiers’ families had to rely on a relief measure
(“Militarnotunterstiitzung”, Degen, 2013). The peak of the intervention was 1915, with an
amount of 543,492 Fr. distributed to 1,875 families, or 290 Fr. per family (Figure A.1). To
put this into perspective: the annual income of an unskilled worker’s family in 1919 was
5,326 Fr. (Eidgenossisches Arbeitsamt, 1923, Table 8, p. 6).

The general effect on the labor market was not catastrophic. At the beginning of the war,
the labor bureau of the city pointed out that it was similar to other difficult years (Stadt
Bern, 1915, p. 157), and that the main issue was coordination (Stadt Bern, 1916, p. 148).
For male workers and employees, the ratio of positions to job seekers fluctuated around 1
during the time of the war, but it increased from January 1918 onward. Notwithstanding
this sign of improved labor market conditions, food and supply conditions remained poor
until summer, and social tensions increased. Female job seekers always outnumbered the

available open positions: the ratio of open positions to job seekers increased from about 0.5

9Liu et al. (2016) review the literature on cytokine storms in severe influenza infection and discuss
potential therapeutic strategies. Oldstone and Rosen (2014) discuss the role of cytokine storms in influenza-
related morbidity and mortality. Kash et al. (2006) experimentally infected mice with the reconstructed
1918 virus. The infected mice showed enhanced inflammatory and cell-death immune responses associated
with severe pulmonary pathology.

10A similar pattern was observed in HIV patients who suffered severe inflammatory responses to virus
infections after their immune function was restored (Mayer et al., 2004). It must be noted that pathogenicity
of a virus infection is determined in complex ways by both virus and host factors (Fukuyama and Kawaoka,
2011). Moreover, if a suppressed immune system is protective against cytokine storms, it might still be
detrimental in other ways, e.g. through increased susceptibility to bacterial infection.



at the beginning of the war to a peak of close to 2 at the beginning of 1920. After that, it

began to fall again, even below the prewar level (Figure 1).
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Source: Stadt Bern (1914, p. 137, 138; 1915, p. 160, 161 , 1916, p. 152, 153; 1917, p.
198, 199; 1918, p. 184, 185; 1919, p. 167, 168; 1920, p. 171, 172; 1921, p. 146, 147;
1922, p. 158, 159; 1923, p. 144, 145).

Figure 1 — Labor market, 1910-1922

From March 1917 onward, the City of Bern implemented food rationing, starting with
sugar and rice. Bread followed in October, and milk was rationed from January 1918 to
March 1920, when rationing stopped (Figure A.2). To support families in need, milk and
bread where distributed at reduced prices. In 1917, 26,883 persons were eligible for this
measure, which was 26% of Bern’s population (Stadt Bern, 1918, p. 100). This number
decreased to 10,057 in 1920 (10% of the population, Stadt Bern 1921, p. 92).

4.2 The 1918 flu pandemic in Switzerland

The 1918/19 influenza pandemic is estimated to have caused 50-100 million deaths world-
wide (Johnson and Mueller, 2002)."* The term ‘Spanish Flu’ is misleading because the
pandemic did not originate in Spain or hit Spain especially hard: because Spain was a neu-
tral country in World War I, its press remained largely free of censorship. Hence, detailed
information on the Spanish outbreak was available.

The first recorded outbreak took place on March 5, 1918, in a US Army training camp
in Kansas.!'? With the US troops, the influenza arrived in Europe in May and June 1918,

HFor historical overviews, see e.g. Kilbourne (1987) and Barry (2009).
12The exact geographical origin of the disease is subject to competing theories (e.g. Oxford et al., 1999;
Shortridge, 1999).



affecting first the allied forces and then the armies of the central powers, before it hit the
civilian population. This initial wave was followed by a second outbreak in fall 1918 and a

third wave in early 1919.
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Figure 2 — Weekly influenza cases in Bern, July 1918 to June 1919

In Switzerland, about two million people were affected. The death toll between July
1918 and June 1919 was 24,449 (0.62% of the total population in 1918, Sonderegger 2007).
In Bern, 19,429 infections were reported to the city in 1918, the highest number since the
influenza pandemic of 1889/90 (Stadt Bern, 1919, p. 104). Based on a ruling from the
Federal Council (July 18, 1918), the city banned public events and closed schools. The
organization of the health service turned out to be a challenge because of the sheer number
of patients. Doctors being away for military service compounded the problem (Stadt Bern,
1919, p. 103).

4.3 Maternity hospital

The maternity hospital of Bern, (Frauenspital, until 1892: Kantonale Entbindungs- und
Frauenkrankenanstalt) was founded in 1874/76. Besides providing medical care especially

for women in need,'? it also served as a training hospital for the university and as a midwifery

13The fact that 27% of the mothers in our data set are not married, compared with 8.6% of mothers giving
birth in the city of Bern in the same period (Eidg. statistisches Bureau, 1924), shows that the maternity
hospital of Bern attracted a specific socioeconomic group.

10



school (Guggisberg 1931, p. 6-8, Diibi and Berger 1976, p. 12-19). The increasing demand
for the services of the hospital led to unacceptable conditions, triggering an extension of
the existing building in 1919. The total number of births in the city of Bern is displayed in
Figure 3, together with the births at the maternity hospital and the home births assisted
by maternity hospital staff.
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Figure 3 — Births in the city of Bern, 1910-1922
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5 Research design

In this section, we describe the data, provide descriptive statistics, and explain our estima-

tion strategy.

5.1 Data

The data were transcribed from the original birth records of the maternity hospital in Bern.
These records include the following individual information for all deliveries that took place
at the hospital: admission date, birth date, infant sex, singleton/multiple birth, mother’s
age, parity, marital status, date of last menstruation (used to calculate influenza exposure),
and stillbirth/live-birth. For the purpose of this study, we use deliveries admitted in the
years 1913 to 1922. This yields a total of 7,769 deliveries.

Exposure to the influenza pandemic is measured by the weekly reported numbers of new
influenza cases in the city of Bern (see Figure 2). The existing legal obligation for medics to
report infectious diseases to the city authorities was extended to influenza no later than July
16, 1918, in the second week of the pandemic (Simonin et al., 1918). It is known that such
morbidity data might have been subject to reporting bias (unreported cases and/or misdi-
agnosis) (Tscherrig, 2016), but we do not have evidence that underreporting was stronger
in the first wave than in second wave, as has been shown for Bergen, Norway (Mamelund
et al., 2016).

Daily values are interpolated from this source. Starting from the day of last menstrua-
tion, exposure variables for each trimester are calculated as the sum of all infections during
the respective trimesters’ time period.!'* Finally, these three measures are normalized such
that the highest possible exposure is 1. The resulting three variables are lagged moving av-
erages of the original exposure variable that are normalized to 1, as illustrated in Figure 5.
Current exposure is depicted in solid blue and measured on the left axis, with a maximum
value of 2,201 weekly infections in the city of Bern. The two influenza waves in spring
and autumn 1918 fade away only in late spring 1919. The trimester exposure variables are
smoothed and lagged versions of current exposure, depicted as dashed red (third trimester),
dash-dotted green (second trimester), and dotted orange (first trimester) and measured on

the right axis.

5.2 Descriptive statistics

Simple summary statistics in Table 1 show that girls are slightly underrepresented in our
data: 3% are multiple deliveries, the average mother gives birth to her third child at 28

years, and 73% of our sample are married, while 6% of the sample were stillborn.

14The respective time periods are: weeks 0 to 13 for trimester 1, weeks 14 to 26 for trimester 2, and weeks
27 to 40 for trimester 3.
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Figure 5 — Exposure variables

Mean SD Min Max

Girl 0.482 0.500  0.000  1.000
Multiples 0.031 0.172  0.000  1.000
Age 27.731 6.387 13.000 50.000
Parity 2.817 2.611  1.000 20.000
Married 0.734 0.442  0.000  1.000
Stillbirth 0.063 0.244  0.000  1.000

Weeks 0-13 0.045 0.160 0.000 1.000
Weeks 14-26 0.045 0.164 0.000 1.000
Weeks 27-40 0.043 0.156  0.000  1.000
Observations 7769

Table 1 — Summary statistics

Figure 6 reveals that stillbirth incidence (depicted in solid blue) increased sharply in
1919, immediately after influenza infections (depicted in dashed red) peaked in 1918. In
particular, the stillbirth rate increased from around 6% to almost 9% in 1919.

Next, we split the sample by marital status. Figure 7 shows that the increase in still-
births following the influenza pandemic is particularly strong for married mothers. Single
mothers—in Figure 8 —do not exhibit a similar pattern.

Figures 7 and 8 are also informative about the selection of married and single mothers
into the maternity hospital in Bern. The official records of the city of Bern report stillbirth
rates of 3.01% among married women and 5.26% among single women (Eidg. statistisches
Bureau, 1924). Comparing the number for married mothers to Figure 7 reveals that married
mothers in our sample have an unusually high stillbirth rate, i.e. they are negatively selected
in terms of stillbirth risk. The number for single mothers in relation to Figure 8 suggests
that, in terms of stillbirth risk, single mothers in our sample are quite representative of

single mothers in the city of Bern.
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Figure 7 and Figure 8 indicate that the 1918 flu pandemic affected married mothers
more strongly than single mothers. This finding is consistent with Morens et al. (2010), but
it could be driven by changes in our sample. To investigate whether the share of married
mothers in our sample changes systematically with the 1918 flu pandemic, we plot this
variable over time in Figure 9. Reassuringly, while the share of married mothers seems
to increase from 1913 to 1916, we see no trend during the 1918 flu pandemic. Next, we
investigate the impact of the 1918 flu pandemic in a multivariate regression framework and

describe our empirical identification more formally.
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Figure 9 — Share of married mothers over time

5.3 Estimation strategy

We estimate logistic regression models of the following form and present marginal effects in

Section 6.
stillbirth = a + 56””” + 1 girl + vomultiples + 6*9¢ + grarity 4 gmonth | gneighborhood |

Our outcome of interest is stillbirth, a dummy variable equal to 1 for stillbirths and
0 for live births. Depending on the model, "™
efirst gsecond othird —op the full set of these three variables. The variable girl indicates the

infant’s sex and multiples indicates multiple pregnancies. Finally, §%9¢, grarity gneighborhood

stands for one exposure variable out of

and 8" are fixed effects for age categories, parity categories,'® neighborhood,'® and month
of the year.
Our coefficient of interest is 5. The necessary assumption for causal inference in our

setting is that no unobserved variables correlate both with our outcome variable stillbirth

15 Age categories are split at ages 20, 25, and 30, parity categories at ages 2, 4, and 6.
16There are no recorded stillbirths in two small neighborhoods, reducing our effective sample size from
7,769 to 7,711 observations.
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and exposure to the 1918 flu pandemic. This assumption could be violated if the population
of mothers delivered in the maternity hospital in Bern or other important determinants
of birth outcomes (e.g. nutrition) change systematically with exposure to the 1918 flu
pandemic. As discussed in Section 4, there are no strong concerns with regard to the local
labor market conditions (Figure 1) and the number of births (Figure 3) in the city of Bern.
Furthermore, the origin (Figure 4) and marital status (Figure 9) of the patients as well as
the food supply (Figure A.4) at the maternity hospital seem innocuous. Because food was
rationed at the time when the 1918 flu pandemic was at its peak, we control for this using
a rationing indicator in a robustness check. In an additional robustness check, we restrict
our sample to conceptions before the 1918 flu pandemic. This robustness check allows us to
investigate whether the longer run effects of the 1918 flu pandemic or selective conception
impact our main estimates.

While these robustness checks are reassuring, our main analysis does not rely on strictly
causal estimates. To assess the nature of culling, we are ultimately interested in the het-
erogeneous effects of the 1918 flu pandemic, i.e. how different subgroups were affected
differently. To do so, we perform sample splits with regard to mothers’ birth cohort and
marital status. We then run our initial analysis on the subsamples that may see differential
effects according to the hypotheses of Worobey et al. (2014) and Morens et al. (2010). If the
hypothesis of Worobey et al. (2014) applies to stillbirths, we expect a larger effect among
mothers in birth cohorts 1885 to 1893 who were around 28 years of age in 1918. However,
if the hypothesis of Morens et al. (2010) applies to stillbirths, we expect a larger impact

among married mothers who may be less likely to be immune suppressed.

Marital status as a proxy for long-term child outcomes

We would ideally observe the potential long-term outcomes of the fetuses in our sample
directly. As this variable is naturally unobservable (we will never know what would have
happened to those affected by culling), we use marital status as a second best option. Marital
status plausibly predicts future outcomes. In the city of Zurich for example, the majority
of single mothers were maidservants by profession and the majority of single mothers came
from the lower class (Joris and Witzig, 2001, p. 313). Between 1911 and 1923, almost half of
all mothers of illegitimate live births in the city of Bern were employed as service personnel
(hotel and private) and about a third were factory workers or industrial workers (Lauener,
1926, p. 84). Social reform circles in the early 20th century strongly denounced that single
mothers and their children were discriminated against at all levels—economically, socially,
and legally (Kraft, 1908).

In order to presumably escape the social stigma, many pregnant single women moved to
the anonymity of the city (Schreiber, 1993, p. 126-150). Because these women could not
give birth at home, it is not surprising that they were increasingly delivering in cantonal
maternal clinics by the end of the 19th century (Schreiber, 1993; Lauener, 1926, p. 126-150,
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p. 85). Since the turn of that century, more and more young women had been looking for
employment in the cities, but their employment opportunities were limited and most of them
had unattractive, insecure, and underpaid jobs (Alt and Sutter, 1985, p. 123). Most women
with an illegitimate child were dependent on their own employment (Schreiber, 1993, p. 126—
150). They often continued to work until childbirth, resumed their jobs shortly afterwards,
and had to give their children to external childcare at a very early age (Schreiber, 1993, p.
126-150).

Early 20th century social reform circles also indicated that single motherhood was
strongly correlated with poor child health (Kraft, 1908). Particular reference was made
to the higher stillbirth rate, higher infant mortality rate, lower physical fitness, and poorer
occupational education (Kraft, 1908). Between 1913 and 1922, the proportion of stillbirths
in live births in the city of Bern was on average five times higher among illegitimate children
than among legitimate children (Statistische Bureau des schweiz. Finanzdepartementes,
1916-1924). Moreover, the mortality rate of illegitimate infants in the first year of life in
the city of Bern was almost twice as high as that of legitimate children (Lauener, 1926, p.
85). The causes cited were harmful influences during pregnancy, lack of breastfeeding, and
generally unfavorable nutritional, living, and educational conditions (Kraft, 1908; Lauener,
1926).

In summary, the contemporary and historical literature suggests that marital status was

a strong predictor for later life outcomes of a mother’s child.

6 Results

This section presents our empirical results. Subsection 6.1 shows the effect of the 1918 flu
pandemic on stillbirths. In Subsection 6.2, we examine whether the effects on stillbirths vary
by mother’s cohort and marital status. Subsection 6.3 shows the results from our robustness

checks.'”

6.1 Culling evidence from stillbirths

Table 2 presents estimates from three different models that include one of the three trimester
exposure variables (columns 1 to 3), and the model with all three exposure variables (column
4). We find substantial effects on the probability of a stillbirth. Mothers at peak exposure
in trimester 1 carry a 4.4 percentage points higher risk of stillbirth, as compared with
unaffected mothers. The effects are comparable for exposure during the second trimester
(4.1 percentage points), while the effect is somewhat smaller in the third trimester (3.4

percentage points).

170One might speculate whether exposure to the 1918 flu pandemic changed the sex ratio in our sample.
We find no such effect. Results are available upon request.
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The effect sizes are large and statistically significant at the 99, 99, and 95 % levels,
respectively. The mean stillbirth probability in our sample is 6.3%. An increase of 4.4
percentage points corresponds to a 70% increase in stillbirth probability.

In the model with all trimester exposures, only a trimester 1 exposure is individually
statistically significant; however, the exposure variables are jointly significant with an F-test
p-value of 0.009.

First Trimester Second Trimester Third Trimester  All Trimesters

Weeks 0-13 0.044*** 0.040%*
(0.015) (0.021)
Weeks 14-26 0.041%** —0.000
(0.015) (0.028)
Weeks 27-40 0.034** 0.027
(0.015) (0.022)
Girl —0.007 —0.007 —0.007 —0.007
(0.006) (0.006) (0.006) (0.006)
Multiples 0.079*** 0.079%** 0.080*** 0.080***
(0.010) (0.010) (0.010) (0.010)
Age 20 to 24 0.056%*** 0.056%** 0.056%+* 0.056%**
(0.022) (0.022) (0.022) (0.022)
Age 25 to 29 0.070%** 0.069*** 0.070%** 0.069***
(0.022) (0.022) (0.022) (0.022)
Age 30 + 0.087*** 0.087#+* 0.086*** 0.087***
(0.022) (0.022) (0.022) (0.022)
Parity 2 and 3 —0.015%* —0.015%* —0.015%** —0.015%*
(0.007) (0.007) (0.007) (0.007)
Parity 4 and 5 0.009 0.009 0.009 0.009
(0.009) (0.009) (0.009) (0.009)
Parity 6 + 0.030%*** 0.030%** 0.030%** 0.030***
(0.009) (0.009) (0.009) (0.009)
Neighborhood Yes Yes Yes Yes
Seasonality Yes Yes Yes Yes
Number of Observations 7711 7711 7711 7711
Mean of Dependent Variable 0.065 0.065 0.065 0.065
p-value F-test Trimesters 0.009

Table 2 — Effects on stillbirth

6.2 Nature of culling

The results described above provide evidence of substantial culling. As described in Sec-
tion 2, it seems natural to assume that culling disproportionally affects the weakest among
the population of mothers (or fetuses). However, Section 3 suggests that culling in the con-
text of the 1918 flu pandemic might be more complex. Two main hypotheses emerge from
our discussion of the medical literature: protective effects of childhood exposure to simi-
lar influenza strains (Worobey et al., 2014), and protective effects of a suppressed immune

system (Morens et al., 2010). We consider both hypotheses below.
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Protection by childhood exposure?

(Worobey et al., 2014) argue that the 1889 cohort (and surrounding cohorts) might have
had least protective immunity from childhood exposure to the H3NS8 virus. We investigate
whether this mechanism is reflected in the stillbirths we observe in our data. In particular,
we split our sample in two groups: cohorts 1885 to 1893 (with potentially little immunity
to the 1918 virus) and all other cohorts (with potentially better immunity). We run our
baseline regression on these two subsamples, but exclude age dummies. Table 3 shows the
results for cohorts 1885 to 1893, while Table 4 shows the results for the other cohorts.

First Trimester Second Trimester Third Trimester  All Trimesters

Weeks 0-13 0.047** 0.074%***
(0.020) (0.028)
Weeks 14-26 0.019 —0.058
(0.024) (0.046)
Weeks 27-40 0.013 0.034
(0.026) (0.036)
Girl —0.006 —0.006 —0.006 —0.006
(0.008) (0.008) (0.008) (0.008)
Multiples 0.077*** 0.077*** 0.077#+* 0.076%**
(0.014) (0.015) (0.015) (0.014)
Parity 2 and 3 —0.018%* —0.017* —0.017* —0.018%*
(0.010) (0.010) (0.010) (0.010)
Parity 4 and 5 0.020%* 0.021%* 0.021%* 0.019*
(0.011) (0.011) (0.011) (0.011)
Parity 6 + 0.011 0.012 0.012 0.010
(0.014) (0.014) (0.014) (0.014)
Neighborhood Yes Yes Yes Yes
Seasonality Yes Yes Yes Yes
Number of Observations 3442 3442 3442 3442
Mean of Dependent Variable 0.057 0.057 0.057 0.057
p-value F-test Trimesters 0.048

Table 3 — Effects on stillbirths: Cohorts 1885 to 1893

If the explanation of (Worobey et al., 2014) holds for stillbirths in our sample, we would
suspect a stronger effect of influenza exposure on the cohorts 1885 to 1893. However, this is
not what we find. If anything, we see larger effects of exposure in trimesters 2 and 3 among
the cohorts excluding 1885 to 1893.

Protection by a suppressed immune system?

As Section 3 indicates that ‘survival of the weakest’ is not implausible in the context of
the 1918 flu pandemic, we investigate this hypothesis by using marital status as a proxy
variable for the mother’s immune system and her offspring’s potential future outcomes.
Tables 5 and 6 show the estimation results for married and single mothers, respectively.
We clearly see that—in terms of stillbirth—married mothers are affected more strongly
by the 1918 flu pandemic. The effects on married mothers are larger than the effects on the

overall sample in all three trimesters and statistically significant at the 95% level or higher.
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First Trimester

Second Trimester

Third Trimester

All Trimesters

Weeks 0-13 0.041* 0.004
(0.023) (0.034)
Weeks 14-26 0.062%** 0.048
(0.020) (0.038)
Weeks 27-40 0.051%* 0.019
(0.021) (0.031)
Girl —0.006 —0.006 —0.005 —0.006
(0.008) (0.008) (0.008) (0.008)
Multiples 0.102%** 0.101%** 0.103*** 0.102%**
(0.016) (0.016) (0.016) (0.016)
Parity 2 and 3 0.012 0.013 0.013 0.014
(0.011) (0.011) (0.011) (0.011)
Parity 4 and 5 0.035%* 0.035%* 0.035** 0.035%*
(0.014) (0.014) (0.014) (0.014)
Parity 6 + 0.079*** 0.079%** 0.078%** 0.079***
(0.010) (0.010) (0.010) (0.010)
Neighborhood Yes Yes Yes Yes
Seasonality Yes Yes Yes Yes
Number of Observations 4070 4070 4070 4070
Mean of Dependent Variable 0.071 0.071 0.071 0.071
p-value F-test Trimesters 0.022

Table 4 — Effects on stillbirths: Cohorts other than 1885 to 1893

On the contrary, the effects for single mothers are close to zero and statistically insignificant
at conventional levels. We interpret these results as suggestive evidence for ‘survival of the

weakest’.

6.3 Robustness checks

As described in Section 4, the city started to ration various food items between 1917 and
1920. As this period overlaps with the 1918 flu pandemic, our results in Table 2 could pick
up the independent effects of the rationing period. In our first robustness check, we control
for the main rationing period by including a rationing indicator variable for the period from
October 1917 to March 1920. This variable is supposed to capture a possible independent
effect of the main rationing measures. The results, depicted in Table A.1, are reassuringly
similar to the results of our baseline specification in Table 2.

The 1918 flu pandemic could also affect those who are not directly affected, but born in
the years after the pandemic. Potential long-run consequences include influenza mortality
of a supporting family member or effects on older siblings. If these effects were important,
our control group would receive partial treatment. Moreover, Chandra et al. (2018) find a
steep drop in birth numbers 9 to 10 months after peak influenza mortality in their US data.
While Figure 3 indicates only a slight drop in the number of births at the maternity hospital
in 1919, it is plausible that those who conceived during the 1918 flu pandemic constitute
an unusually selected sample. To demonstrate that our results are not driven by these two
concerns, we exclude all births that were conceived during or after the 1918 flu pandemic.

In particular, we restrict our sample to those mothers whose last menstruation occurred
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First Trimester

Second Trimester

Third Trimester

All Trimesters

Weeks 0-13 0.051%%* 0.059%*
(0.017) (0.025)
Weeks 14-26 0.045%* —0.026
(0.018) (0.035)
Weeks 27-40 0.046** 0.053**
(0.018) (0.026)
Girl —0.004 —0.004 —0.004 —0.004
(0.007) (0.007) (0.007) (0.007)
Multiples 0.074%*** 0.074%** 0.074%** 0.074%**
(0.013) (0.013) (0.013) (0.013)
Age 20 to 24 0.060 0.059 0.059 0.060
(0.044) (0.044) (0.044) (0.044)
Age 25 to 29 0.080* 0.079* 0.080* 0.080*
(0.044) (0.044) (0.044) (0.044)
Age 30 + 0.098%** 0.096** 0.097** 0.097**
(0.044) (0.044) (0.044) (0.044)
Parity 2 and 3 —0.026%** —0.025%** —0.026%** —0.026%**
(0.009) (0.009) (0.009) (0.009)
Parity 4 and 5 0.003 0.003 0.003 0.003
(0.011) (0.011) (0.011) (0.011)
Parity 6 + 0.028*** 0.028*** 0.028%*** 0.028%***
(0.010) (0.010) (0.010) (0.010)
Neighborhood Yes Yes Yes Yes
Seasonality Yes Yes Yes Yes
Number of Observations 5613 5613 5613 5613
Mean of Dependent Variable 0.069 0.069 0.069 0.069
p-value F-test Trimesters 0.003

Table 5 — Effects on stillbirths: Married

on June 15, 1918, or earlier. The results of this robustness check, depicted in Table A.2,
suggest that our main results in Table 2 are not driven by longer run effects of the 1918 flu

pandemic or selective conception.

7 Discussion

We want to raise awareness of the possibility of ‘survival of the weakest® in the context of
the 1918 flu pandemic, but also in other contexts. Culling does not necessarily imply a bias
toward zero, and future research in the fetal origins literature should take this concern more

seriously. In particular, future research may discerningly address the following question:

“Which mechanisms could plausibly lead to ‘survival of the weakest’ in the fetal health

shock under study?”

‘Survival of the weakest” may result from various mechanisms. Our results might not

generalize to other influenza outbreaks (e.g. Kelly, 2011; Schwandt, 2018)'® and the im-

18The case of seasonal influenza in recent Danish data (Schwandt, 2018) illustrates this point. Compared
with the 1918 flu pandemic, seasonal influenza does not feature sizable effects on fetal or maternal mortality.
Moreover, in the data of Schwandt (2018), disadvantaged mothers are particularly likely to be hospitalized
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First Trimester Second Trimester Third Trimester  All Trimesters

Weeks 0-13 0.024 —0.019
(0.030) (0.046)
Weeks 14-26 0.036 0.075
(0.028) (0.051)
Weeks 27-40 0.001 —0.056
(0.037) (0.055)
Girl —0.017* —0.017* —0.017 —0.017
(0.010) (0.010) (0.010) (0.010)
Multiples 0.100*** 0.099%** 0.099*** 0.097***
(0.020) (0.020) (0.020) (0.020)
Age 20 to 24 0.053** 0.053** 0.054** 0.053**
(0.023) (0.023) (0.023) (0.023)
Age 25 to 29 0.056** 0.055%* 0.056** 0.057**
(0.024) (0.024) (0.024) (0.024)
Age 30 + 0.075%** 0.074%+* 0.075%** 0.075%**
(0.025) (0.025) (0.025) (0.025)
Parity 2 and 3 0.013 0.014 0.013 0.013
(0.012) (0.012) (0.012) (0.012)
Parity 4 and 5 0.033 0.034 0.034 0.033
(0.024) (0.024) (0.024) (0.024)
Parity 6 + 0.013 0.014 0.012 0.012
(0.031) (0.030) (0.031) (0.030)
Neighborhood Yes Yes Yes Yes
Seasonality Yes Yes Yes Yes
Number of Observations 1984 1984 1984 1984
Mean of Dependent Variable 0.055 0.055 0.055 0.055
p-value F-test Trimesters 0.396

Table 6 — Effects on stillbirths: Single

plications for altogether different fetal health shocks are unknown. Hence, ‘survival of the
weakest’ needs to be discussed on a case-by-case basis, and we encourage researchers in the
field to lead this discussion constructively and creatively. In this section, we provide sample
discussions of selected health shocks to facilitate these discussions. We focus our discussion
on two distinct agricultural shocks: the Dutch potato famine of 18461847 and the French
phylloxera crisis of 1863-1890.

The Dutch potato famine was caused by a combination of plant diseases and weather
conditions that severely impacted potato and rye crops in 1845 and 1846. These conditions
led to large increases in food prices. “Potatoes and rye bread were the staple food of the
poorest” (Lindeboom et al., 2010), so it is unsurprising that “lower social classes suffered the
most from the famine” (Lindeboom et al., 2010). Given this background, culling was likely
concentrated among the fetuses of the poorest, who would likely have had relatively bad
adult outcomes. Thus, ‘survival of the weakest’ is unlikely to be important in the context
of the Dutch potato famine of 1846-1847, and the results of Lindeboom et al. (2010) would

be—if at all-—biased toward zero.

with severe influenza. Both facts suggest that ‘survival of the weakest’ is not a major concern in this
analysis.
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The phylloxera crisis in nineteenth-century France, analyzed by Banerjee et al. (2010),
was an agricultural shock that did not directly affect food availability. As the pest affected
wine production, its main effect was income losses for landowners and workers in wine-
growing regions. However, “the area planted with vines did not decline during the crisis,
both because many parcels of land that had been planted with vines would have been ill
suited to all other crops and also because most growers were expecting a recovery” (Banerjee
et al., 2010). Hence, it seems likely that employment among wine workers was not strongly
affected, while landowners most probably suffered severe income losses. If these income
losses induced culling primarily among the supposedly better-off landowners, the estimates
of Banerjee et al. (2010) might be inflated by ‘survival of the weakest’. Indeed, the authors
find a decline in birth numbers in the affected regions. They argue, however, that culling
“would introduce positive selection (if unborn children would have been weaker)” (Banerjee
et al., 2010). Given the discussion above, we argue that the nature of culling in this setting
might not be innocuous.

These two agricultural health shocks were chosen somewhat arbitrarily, but they illus-
trate that ‘survival of the weakest’ needs to be taken seriously and evaluated on a case-by-
case basis. Because health shocks often have heterogeneous effects, it is crucial to critically

assess the typical assumption that culling affects the weakest.

8 Conclusions

The problem of culling bias (selective fetal mortality) plays a relatively minor role in the
fetal origins literature. Many studies assume positively selected survivors, but we argue
that this seemingly natural assumption does not necessarily hold in any setting. To make
our case more tangible, we investigated the perhaps most prominent fetal health shock in
the literature: the 1918 flu pandemic. Our review of the medical literature suggests that
culling was of major quantitative importance, as the pandemic caused maternal mortality,
miscarriages, stillbirths, and potentially also abortions. Assessing the nature of culling is
complex, but two medical hypotheses cast doubt on the standard assumption of positively
selected survivors. In particular, women may have seen some degree of protection against
the virus if they were exposed to a similar virus in childhood; and if their immune system
was suppressed. It is unclear how a woman’s birth cohort relates to her offspring’s future
outcomes, but a suppressed immune system may well be associated with worse prospects.
Although these hypotheses are not based on rigorous evidence, they certainly demonstrate
how intricate the evaluation of culling bias can be. Moreover, these hypotheses suggest that
‘survival of the weakest’ is not implausible in the context of the 1918 flu pandemic.

We collected data from the maternity hospital in Bern, Switzerland, and found that
culling as measured by stillbirths was indeed quantitatively important. This effect of the

1918 flu pandemic is driven by married mothers in our sample. We interpret this result
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as suggestive evidence of ‘survival of the weakest’, but data limitations preclude stronger
conclusions. In particular, we cannot speak to the size of the resulting bias, as such a calcu-
lation requires estimates of the correlations of the unobserved determinant of human capital
with the outcome, and with exposure. Our analysis suggested that the latter correlation is
plausibly negative, but a quantitative estimate of the resulting bias is beyond the scope of
our study.

Future work should use richer data to evaluate whether our results hold in full-population
samples. Important open questions for future research also include whether our results
generalize to the determinants of a child’s potential outcomes other than marital status;
and whether ‘survival of the weakest’ is a serious concern for other fetal health shocks.

To summarize, this study aims to raise awareness of the intricacy and importance of
culling. The credibility of the fetal origins literature will be further enhanced if researchers
discerningly assess culling in the light of the medical literature, historical background, and

empirical evidence.
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Figure A.1 — Military Emergency Relief, 1910-1922
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Figure A.2 — Rationing, 1917-1920
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Figure A.3 — Price limits, 1917-1920
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Figure A.4 — Food supply at the maternity hospital, 1913-1922
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First Trimester

Second Trimester

Third Trimester

All Trimesters

Weeks 0-13 0.039** 0.042*
(0.017) (0.024)
Weeks 14-26 0.035%* —0.001
(0.017) (0.028)
Weeks 27-40 0.025 0.029
(0.018) (0.024)
Girl —0.007 —0.007 —0.007 —0.007
(0.006) (0.006) (0.006) (0.006)
Multiples 0.079*** 0.079%** 0.079%** 0.080***
(0.010) (0.010) (0.010) (0.010)
Rationing Period 0.004 0.005 0.007 —0.002
(0.007) (0.007) (0.007) (0.008)
Age 20 to 24 0.056%** 0.056%** 0.056%** 0.056%**
(0.022) (0.022) (0.022) (0.022)
Age 25 to 29 0.070*** 0.069*+* 0.069*** 0.069***
(0.022) (0.022) (0.022) (0.022)
Age 30 + 0.087*** 0.086*** 0.086*** 0.087***
(0.022) (0.022) (0.022) (0.022)
Parity 2 and 3 —0.015%* —0.014* —0.015%* —0.015%*
(0.007) (0.007) (0.007) (0.007)
Parity 4 and 5 0.009 0.009 0.009 0.009
(0.009) (0.009) (0.009) (0.009)
Parity 6 + 0.030*** 0.030%** 0.030%** 0.030***
(0.009) (0.009) (0.009) (0.009)
Neighborhood Yes Yes Yes Yes
Seasonality Yes Yes Yes Yes
Number of Observations 7711 7711 7711 7711
Mean of Dependent Variable 0.065 0.065 0.065 0.065
p-value F-test Trimesters 0.061

Table A.1 — Effects on stillbirths: Controlling for rationing
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First Trimester

Second Trimester

Third Trimester

All Trimesters

Weeks 0-13 0.058 0.076
(0.036) (0.069)
Weeks 14-26 0.036** —0.035
(0.018) (0.048)
Weeks 27-40 0.040** 0.050%*
(0.016) (0.026)
Girl —0.004 —0.004 —0.004 —0.004
(0.007) (0.007) (0.007) (0.007)
Multiples 0.062*** 0.061%** 0.062%** 0.063***
(0.014) (0.014) (0.014) (0.014)
Age 20 to 24 0.047** 0.047* 0.047* 0.046*
(0.024) (0.024) (0.024) (0.024)
Age 25 to 29 0.045%* 0.044* 0.043* 0.043*
(0.024) (0.024) (0.024) (0.024)
Age 30 + 0.072%** 0.072%** 0.071%** 0.071%+**
(0.024) (0.024) (0.024) (0.024)
Parity 2 and 3 —0.016* —0.016* —0.016* —0.015%*
(0.009) (0.009) (0.009) (0.009)
Parity 4 and 5 0.019* 0.019%* 0.019%* 0.019*
(0.011) (0.011) (0.011) (0.011)
Parity 6 + 0.033*** 0.033%** 0.033%** 0.034***
(0.011) (0.011) (0.011) (0.011)
Neighborhood Yes Yes Yes Yes
Seasonality Yes Yes Yes Yes
Number of Observations 4954 4954 4954 4954
Mean of Dependent Variable 0.061 0.061 0.061 0.061
p-value F-test Trimesters 0.048

Table A.2 — Effects on stillbirths
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