Demography (2019) 56:1389-1425
https://doi.org/10.1007/513524-019-00799-x

®

The Long-Lasting Influenza: The Impact of Fetal Stress = Check for
During the 1918 Influenza Pandemic docaes
on Socioeconomic Attainment and Health

in Sweden, 1968-2012

Jonas Helgertz'? - Tommy Bengtsson'**

Published online: 19 July 2019
© The Author(s) 2019

Abstract

The 1918 influenza pandemic had not only a massive instant death toll but also lasting
effects on its survivors. Several studies have shown that children born in 1919, and thus
exposed to the HIN1 virus in utero, experienced worse health and socioeconomic out-
comes in older ages than surrounding birth cohorts. This study combines several sources of
contemporary statistics with full-population individual-level data for Sweden during 1968—
2012 to examine the influence of fetal exposure to the Spanish flu on health, adulthood
income, and occupational attainment. For both men and women, fetal exposure resulted in
higher morbidity in ages 54-87, as measured by hospitalization. For males, exposure
during the second trimester also affected mortality in cancer and heart disease. Overall,
the effects on all-cause mortality were modest, with about three months shorter remaining
life expectancy for the cohorts exposed during the second trimester. For socioeconomic
outcomes, results fail to provide consistent evidence supporting any long-term conse-
quences of fetal exposure. We conclude that although the immediate health effects of
exposure to the 1918 pandemic were huge, the long-term effects were modest in size.
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Introduction

On the centennial anniversary of the 1918 influenza pandemic, commonly known as
the Spanish flu, its relevance among the public and the scientific community is still
high. Recalling its massive death toll, reported by some sources to have been at least 50
million individuals (Institute of Medicine 2005), the world in 2009 again braced for the
impact of an influenza pandemic with considerable similarities to the Spanish flu, both
resulting from an antigenic shift in the HIN1 virus. As a result, governments across the
world invested in vaccination campaigns and issued guidelines to limit the conse-
quences of a pandemic. The fears were linked both to its potentially huge immediate
effects in terms of deaths and to the possible long-lasting consequences among those
surviving the disease, including those exposed in utero. This article examines the long-
term consequences of fetal exposure to the 1918 influenza pandemic, using uniquely
detailed Swedish longitudinal individual-level data for the period 1968-2012, allowing
for the examination of a range of health and socioeconomic outcomes.

The 1918 influenza pandemic has been used as a quasi-experiment in several
previous studies to analyze the causal effects of a fetal insult. Studies on the United
States have shown that children born in 1919—and thus exposed to the HIN1 virus in
utero—experienced worse health (Almond and Mazumder 2005) and higher mortality
in older ages (Fletcher 2018; Mazumder et al. 2010; Myrskyld et al. 2013). Those
exposed also had lower educational attainment, higher rates of physical disability,
lower income attainment, lower socioeconomic status (SES), and a higher dependence
on social welfare than surrounding birth cohorts (Almond 2006). Similar results have
been found for Switzerland (Neelsen and Stratmann 2012), Brazil (Nelson 2010),
Taiwan (Lin and Liu 2014) and Sweden (Richter and Robling 2015). Other studies
found much weaker effects, if any at all. Using data from the Human Mortality
Database, a study of 24 countries found that overall mortality did not differ systemat-
ically for in utero—exposed cohorts relative to surrounding cohorts (Cohen et al. 2010).
Another study, using census data for 117 countries, found no consistent long-term
effects of influenza exposure on education, employment, or disability outcomes and
concluded that the evidence on long-term economic effects of the Spanish flu is likely a
consequence of publication bias (Vollmer and Wojcik 2017). Brown and Thomas
(2013) suggested that the strong health and socioeconomic effects found in early
studies on the United States were driven by a shift in the socioeconomic composition
of the 1919 birth cohort rather than being causally linked to fetal exposure to the
Spanish flu. Beach et al. (2018), however, questioned this claim and found effects also
after controlling for the individual’s socioeconomic origin, again with U.S. data.

At a first glance, the 1918 pandemic looks like an ideal quasi-experiment for
studying the fetal origins hypothesis. It was severe, unexpected, and spread worldwide
in a short period of time with no effective means available to prevent its transmission.
Furthermore, its short duration makes it possible—with access to detailed data on time
of birth—to effectively distinguish between prenatal and postnatal exposure. What
makes it potentially problematic from a quasi-experimental perspective, however, is
that it took place during World War I (WWI), when many other factors that are known
to influence fetal development operated as well. During wartime, married couples also
often became separated, thus postponing births and leading to temporary declines in
fertility. If the change in fertility was correlated with any characteristic known to also
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influence the outcome of interest, this will introduce biased estimates. For example, as
shown for the United States, because the enlistment to WWI at the time of the
pandemic had a social gradient, the socioeconomic composition of newborns changed
accordingly (Brown and Thomas 2013). If children born to parents with low SES are
less healthy and will inherit part of their parents’ socioeconomic disadvantage, it
becomes difficult to estimate the causal effect of the pandemic. Indeed, evidence from
the United States suggests that failing to take this into account overestimates the effects
of fetal programming (Brown and Thomas 2013). Another study for the United States,
linking microdata from the 1920 and 1930 censuses to WWII enlistment records and
city-level influenza data, however, contradicts this argument; this study found that in
the absence of the pandemic, the 1919 birth cohort would have been more likely to
graduate from high school—an result that was largely unaffected by including controls
for parental characteristics (Beach et al. 2018).

These issues are by no means are restricted to studies on the United States but
instead characterize most empirical analyses on the consequences of fetal exposure to
the Spanish flu. One important exception is a study of Taiwan that not only had
individual-level information on parents’ characteristics but also involved a context
not involved in WWI (Lin and Liu 2014). As a result, the study was able to examine
the consequences of fetal exposure to the 1918 influenza pandemic net of such
selection mechanisms. The study found that neither source of selection was strong
enough to counteract the effect of the flu, influencing both health and cognitive
outcomes. In comparing the long-term consequences of the Spanish influenza pandem-
ic across contexts, it should, however, be borne in mind that Taiwan was characterized
by a very different disease environment compared with more-developed countries at
that time, with a considerably higher infant mortality rate and presence of cholera and
malaria. As a consequence, as the authors noted, the study of Taiwan is of higher
relevance to present-day sub-Saharan Africa and other developing countries rather than
to developed countries (Lin and Liu 2014:153).

In this article, we study the long-term effects of fetal exposure to the 1918 pandemic
in Sweden, a country affected as severely as any other. When the pandemic peaked in
October—November, mortality was more than twice as high as during a typical year. We
use longitudinal individual-level data to examine the birth cohorts 1914-1925 in the
period 1968-2012. Through detailed data on time and place of birth, we are able to
distinguish between fetal and child exposure, also exploiting differences in influenza
timing and intensity between geographical regions. Our focus is on hospitalization and
mortality by cause of death as well as on income and occupational attainment. The
analysis of socioeconomic outcomes adds to previous work on the effects of the
pandemic in Sweden on income and occupation attainment using individual-level data,
which have shown conflicting results depending on sample and model specification
(Richter and Robling 2013, 2015). Our study also adds to our present knowledge
concerning health effects of the flu by analyzing hospitalization data by separate
disease type, serving as a complement to the mortality analysis.

Because we use data from 1968 and onward, our study shares several of the
problems of previous studies in isolating the effects of the pandemic. Arguably of
greatest importance is that we do not have access to information on individual-level
parental background information, such as SES. This is an obvious weakness compared
with the study of the United States by Brown and Thomas (2013), who used
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information from the 1930 census to measure parental occupation early in life, and the
study of Taiwan by Lin and Liu (2014). Aggregated annual statistics on the occupation
of fathers of newborns in Sweden, however, indicates that the socioeconomic compo-
sition changed only marginally. Furthermore, as opposed to the situation in the United
States, this change was not exclusive to the birth cohorts who were exposed while in
utero. Instead, the share of newborns to well-off fathers was about 1 percentage point
higher in 1918 and 1919 compared with the years before and after, thus affecting other
cohorts in addition to those exposed while in utero. This is very important because it
would otherwise be impossible to separate the effects of the pandemic from changes in
SES. Survival selection is also likely to be quite marginal. Although stillbirths in-
creased nontrivially in relative terms, the number of stillborn children was still very
small, increasing by only around 1 stillbirth for each 100 live-born babies. A similar
story applies to infant deaths credibly attributable to the influenza during the peak
months of the pandemic. Furthermore, given that infant mortality in general increased
only marginally and both the sex ratio at birth and birth weight remained stable, we
believe that survival selection is negligible.

We find evidence of fetal programming on hospitalization and mortality in cancer
and cardiovascular diseases among males exposed to the flu during the second trimes-
ter. For females exposed during the third trimester of pregnancy, we find that influenza
exposure increased the risk of hospitalization but had no effects on mortality. For
income and occupational attainment, we find no conclusive results regarding the
relationship between influenza exposure and later-life outcomes. We conclude that
although the immediate health effects of exposure to the Spanish flu were considerable,
the long-term effects were small, both for males and for females.

Theory

The growth of the fetus rapidly accelerates during the early phase of pregnancy,
slowing down after 20 weeks. Particularly accentuated during this initial stage is the
development of the child’s body structure and certain organs and systems, such as the
brain (Brown and Derkits 2010), the heart (Hoet and Hansen 1999; Thornburg 2001),
and the metabolic system (Harding and Gluckman 2001). This is also the period when
most miscarriages (about 80 %) and birth defects occur. Disturbances during this period
are associated with a range of diseases, including schizophrenia, coronary heart disease,
diabetes, and breast and testicular cancers (Kuh and Ben-Shlomo 2004). Instead, the
kidneys and lungs are primarily developed during the last stages of pregnancy
(Lackland 2005; Thornburg 2001), which is why disturbances during this period may
cause renal disease and impaired lung functions.

Because the virus of both the pandemic (Zou 2006) and the seasonal influenza
(Irving et al. 2000) rarely is transmitted across the placenta, it is more likely to
affect the fetus through maternal fever and inflammation (Fell et al. 2017). Immu-
nological responses to influenza can also influence placental functioning and cause
preterm birth, and have also been shown to be associated with defects of the central
nervous system (CNS) as well as increased risks for schizophrenia and child
leukemia (Nelson 2010). A recent review of maternal influenza and birth outcomes,
however, found the evidence to be limited (Fell et al. 2017). Still, evidence suggests
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that secondary pneumonia, which was common during the 1918 pandemic, can
contribute to fetal deaths (Harris 1919).

Prenatal disturbances have different consequences depending on the severity of the
insult as well as the stage of fetal development. If the insult occurs during the first part
of the pregnancy, it is likely to lead miscarriages and spontaneous abortions, which
should influence the sex ratio at birth given that male fetuses are more vulnerable than
female fetuses (see Quaranta 2013). Disturbances during the latter part of the pregnancy
could instead lead to an increase in stillbirths and preterm births.

Low birth weight, one of the most common indicators of exposure to adversity in
utero, has been shown to be associated with high blood pressure and an increased risk
of heart disease at adult ages (Barker 1994; Christensen 2019; Huxley et al. 2002;
Risnes et al. 2011), schizophrenia (Brown and Derkits 2010), and diabetes (Hales et al.
1991; Harding and Gluckman 2001). Not established, however, is whether low birth
weight primarily is the result of early (Smith et al. 2002) or late (Strauss and Dietz
1999) fetal adversity. Evidence suggests, however, that high birth weight is pro-
grammed through maternal weight gain during early pregnancy, during the first and
second trimesters (Brown and Avery, 2012; Neufeld et al. 2004). Somewhat counter-
intuitively, high birth weight is associated with increased incidences of breast cancer
(Risnes et al. 2011) and prostate cancer (Risnes et al. 2011) later in life. Thus, the
relationship between birth weight and diseases in childhood and later in life appears to
be U-shaped.

Low birth weight has been shown to be linked to negative effects on educational and
labor market outcomes (Currie and Moretti 2007; Johnson and Schoeni 2007; Royer
2009). Those with low birth weight perform worse in school, are less likely to be
employed in adulthood, and earn less in adulthood than those with normal birth weight
(Case et al. 2005; Currie and Hyson 1999; Palloni et al. 2009). Other studies, however,
found only small effects of birth weight. A study of Norway using register data, for
example, found that a 10 % lower birth weight—a sizable difference from the norm—is
associated with only 1.2 % lower IQ for males, 0.3 % shorter height, and 0.9 % lower
earnings (Black et al. 2007).

After birth, the development of cells and organs continues, gradually slowing and
completing around the time when the individual is about 20 years of age. For example,
the lungs keep growing after birth and until about 8 years of age, a period during which
new alveolar sacs are also generated (Broman 1923). Because the child remains
vulnerable to adverse conditions after birth, exposure to the Spanish flu might have
caused damage not only during the fetal stage but also during the first months of life.
Streptococcal infections in early childhood, for example, are known to be associated
with rheumatic heart disease (Jones 1956), whereas respiratory infections have been
suggested to impair lung function (Barker et al. 1991; Bengtsson and Lindstrém 2003)
and are also associated with diseases such as cancer and diabetes in older ages (Finch
and Crimmins 2004; see Quaranta 2013:162—-168). Infections in general during infancy
and beyond may also cause inflammation in atherosclerosis, which is a risk factor for a
variety of later-life diseases, including cardiovascular diseases, diabetes, and some
forms of cancer (Finch 2009; Libby 2002). Because the child remains sensitive to
environmental insults into the first years of life, it is important to analyze the timing of
the exposure of the Spanish flu in detail to distinguish between prenatal and postnatal
programming.
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The Use of the 1918 Influenza as a Quasi-Experiment in Sweden

The ability to use the 1918 influenza pandemic as a quasi-experiment to test the fetal
origins hypothesis is based on the fulfillment a number of assertions. First, the event
should be significant enough to allow its effects to be traced. Second, the event should
not be anticipated. Third, it should affect only fetuses among those exposed. Fourth, no
other factor affecting fetal development should take place at the same time as the
pandemic.

The first assertions are easy to confirm for Sweden. A distinguishing feature of the
1918 influenza was that the first wave occurred unusually early, in the summer; the
influenza period in Sweden normally occurs during the winter. Furthermore, because of
the low initial death toll, the arrival of the influenza was hardly recognized. The second
wave also started early, in September, and peaked in October—November 1918, but
resulted in dramatically increased mortality, with about 160 deaths per 100,000 indi-
viduals. The pandemic again resurged during the late spring of 1919 as a comparably
mild wave of the flu, after which mortality returned to normal levels. In Sweden, the
1918 pandemic claimed at least 34,000 deaths in a population of 5.8 million. As in
other parts of the world, the influenza spread across the country in a short period.
Certain differences in timing and intensity, however, can still be observed (see Fig. Al,
online appendix, for a subset of Swedish counties). And although certain preventive
actions were taken, the spread of the disease nevertheless remained impossible to stop
(Aman 1990).

According to official sources, only 9 % of the entire Swedish population was
reported to have been sick from the flu, with the figure for the comparatively densely
populated capital city of Stockholm being as low as 1.43 % (Aman 1990:58). Con-
temporary authorities, however, deemed the officially reported morbidity figures as far
too low, something that applied to the United States as well (Aman 1990; Crosby
1989). Studies of local workplaces, where the population at risk is precisely defined and
the recording of illness is of high quality, corroborate this claim (Alling 1919; Gibson
1919; Widstrand 1918). At Hogandsverket, a coal mine and factory located in the
southwest of Sweden, 61 % of all males and 50 % of all females, families included,
were reported by the company physician as showing clear symptoms (Alling 1919).
Among men aged 15-20, the sickness rate was as high as 81 %. Similar figures were
reported at other workplaces in Sweden, shown in Fig. A2 (online appendix). Further-
more, white- and blue-collar workers at Hogandsverket were reported to have the same
incidence rate, a pattern representative of Sweden as a whole (Alling 1919; Aman
1990; Gibson, 1919). Among mining workers, 56 % were reported to have been on sick
leave, for an average of 14 days (Alling 1919; Hégandisverkets arkiv 1919). One-third
of those who were ill were reported suffering badly from the disease. Although the
proportion of persons with clinical signs of the disease during a normal influenza
outbreak is 30 % to 60 % (Gagnon et al. 2013), roughly 75 % of the population showed
clear symptoms of the 1918 influenza in Sweden (Aman 1990:58-59). Bengtsson et al.
(2018) found that influenza affected all socioeconomic groups, with slightly lower
mortality for farmers but no clear social gradient in mortality.

Despite the severe underreporting of persons having influenza symptoms in official
sources, the mortality and morbidity rates followed an almost identical time pattern (see
Fig. A3, online appendix). By the end of 1918, some 83 % of those ever reported to be
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ill to the medical authorities had contracted the disease, and 80 % of the deaths that
would be attributed to the pandemic had occurred. Thereafter, the death rate fell, only to
resurge somewhat during the third wave in March—April 1919. Thus, as elsewhere, the
1918 influenza pandemic was very short and intensive in Sweden. Furthermore, the fact
that the spikes in morbidity and mortality virtually coincided implies that the monthly
mortality development can be used both as a measure of the intensity and the timing of
morbidity."

Turning to the third assertion—that the pandemic affected only fetuses—we initially
consider the particular age pattern of the 1918 pandemic. Although most influenza
outbreaks do not change the typical U-shaped pattern of age-specific mortality, the
1918 pandemic elevated mortality in early to middle adulthood. The result was the now
familiarly labeled W-shaped mortality pattern reported from all over the world (see Fig.
A4, online appendix).

Several explanations have been proposed to account for the disproportionately high
mortality among young adults, ranging from partial immunity among older adults who
had experienced the Russian flu of 1889—-1890 and vulnerability among young adults
having tuberculosis, to overactive immune systems among young adults or T-cell
deregulation (see Gagnon et al. 2013). The notion of a W-shaped mortality pattern,
however, also implies that infants suffered disproportionately from the flu. If so,
surviving individuals belonging to the comparison group, who were exposed postna-
tally, could be characterized by scarring given that infections in first months of life are
known to affect both health and socioeconomic outcomes later in life (Bengtsson and
Lindstrom 2000, 2003; see Quaranta 2013 for an overview). Conversely, fetal exposure
could also result in positive selection if only the more robust children survive.

A comparison of all-cause mortality in 1918 with that in 1917, however, casts some
doubts about whether the age-specific mortality pattern of the 1918 influenza should be
characterized as W-shaped. Although infant mortality was slightly higher during the fall
of 1918 compared with the same months the year before, mortality at an annual level
was in fact slightly lower (see Fig. A5, online appendix). The same pattern was
observed in Denmark and Finland; in the United States, mortality was slightly higher
in the fall of 1918 than in the year before. Furthermore, mortality among the elderly
was not higher in 1918 than in the year before, lending further support to the claim that
labeling the mortality age pattern of the 1918 influenza pandemic as W-shaped in
Sweden is misleading, a conclusion also supported by hospital records (Holtenius and
Gillman 2014). What is certain is that mortality among young adults was particularly
elevated. Contemporary sources highlighted that pregnant women were particularly
vulnerable, but mortality was still lower for women than for men (Almond 2006:681;
Aman 1990).

Finally, we turn to the fourth assertion—that there should not be any omitted
variable(s) concurrently affecting exposure and outcome, such as variables related to
changes in the socioeconomic position of parents to children born during the influenza
(Brown and Thomas 2013) or other forms of selective fertility. Although Sweden did
not participate in WWI, more men than usual were nonetheless recruited to the army.

! In their analysis of the short-term effects of the Spanish flu on three indicators of economic outcomes in
Sweden, Karlsson et al. (2014) combined the annual influenza mortality rate with monthly morbidity rates at
the county level.
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The magnitude of this recruitment, though, was comparatively modest, and unlike in
the United States, recruits were not excluded because they were poor. As a result, we do
not expect any changes in the social composition of newborn children due to military
enlistment. A related issue is whether conceptions during the pandemic, which de-
creased (Boberg-Fazlic et al. 2017) as reflected in the number of births during nine
months after September, October, and November 1918 (Fig. A6, online appendix),
altered the socioeconomic or health composition of newborns.

Although we do not have individual-level data on the socioeconomic origin of
individuals, we do have annual occupation data from aggregate national statistics on
fathers of newborns for the years 1911-1920 and 1924—-1930 (Befolkningsrorelsen 1911—
1930). Occupations are reported in 63 categories, which we use to distinguish between
different social groups.” For example, in agriculture (the largest sector at the time), we can
distinguish between landowners and workers. Similarly, factory owners are separately
reported within the industrial sector, and higher civil servants are separately reported in
the service sector. Making the distinction in the trading sector is slightly more difficult
because of uncertainty regarding whether the group of merchants belongs to one group or
the other. However, the overall pattern of the social gradient of the newborns remains the
same regardless of the classification of merchants.

Figure A7 (online appendix) shows that the proportion of newborn children to well-
off fathers indeed increased gradually from 1911 to 1919; the share in 1918 and 1919
was a bit more than 1 percentage point higher than in the surrounding years. Because
data on parental SES are lacking for 1921-1923, the figure also shows the share of
fathers under the age of 30, who are expected to disproportionately be of low SES.
Indeed, the series largely mirror each other; an increasing share of young fathers is
correlated with a declining share of high-SES fathers. The data also suggest that the
birth cohorts of 1918 and 1919 are similar in terms of the share of high-SES fathers but
differ modestly in that the 1919 cohort has younger fathers. Thus, the declining births
nine months after the influenza months seem to have been the result of the (healthier)
younger being more able to or choosing to conceive rather than due to a strong process
of fetal health selection (as demonstrated in the remainder of this section). Although it
is difficult to fully assess the socioeconomic selection mechanisms to which the in
utero—exposed cohorts were subjected, the shift in the socioeconomic background
compared with those born five years before and after suggests a bias in the opposite
direction compared with the United States; this bias also extends to those exposed
during the first 12 months of life. Thus, compared with the situation in the United
States, where the direction of the socioeconomic bias would lead to the overestimation
of the effects of the Spanish flu, the Swedish context would, if anything, result in an
underestimation of the effects because of positive selection on socioeconomic back-
ground, at least when socioeconomic outcomes are considered. More importantly,
because the proportion of children born to well-off parents was high over a two-year
period, we should be better able to distinguish this shift in socioeconomic status from
the effects of the pandemic on the fetus, which was concentrated in a three-month

2 The group of well-off fathers is defined as consisting of landlords and yeomen within farming, sharecrop-
pers, foresters, factory owners and engineers, merchants, higher and lower white-collar workers (in 1920 and
earlier), executives (in 1924 and after), civil servants, military officers, priests, teachers, journalists, and a
group labeled as capitalists.
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period. Again, the Taiwanese context that Lin and Liu (2014) examined is plausibly a
case study wherein the influence of selection mechanisms linked to parental character-
istics are minimized, largely confirming Almond’s (2006) conclusions that the Spanish
influenza pandemic indeed had long-term causal effects.

The intergenerational transmission of SES in Sweden has been strong for cohorts
born throughout the twentieth century (Dribe et al. 2015), an important factor to consider
when examining the link between Spanish flu exposure and adulthood socioeconomic
outcomes in light of the changing socioeconomic composition of fathers. Similarly, the
positive socioeconomic selection experienced by the in utero—exposed cohorts in
particular could have repercussions for the other set of outcomes examined in this study:
the individual’s health. The existence of a socioeconomic health gradient is taken for
granted in contemporary Western societies, with a substantial penalty experienced by the
socioeconomically disadvantaged. Thus, given the strong intergenerational correlation
of SES, it follows that a part of the health advantage enjoyed by high-SES individuals
would be inherited. Several studies, however, have concluded that the magnitude of this
relationship is a relatively recent one and that the assumption that the socioeconomic
gradient has existed for a very long time is due to a dominance of studies taking a period
rather than a cohort approach. Two studies using data for the United States showed that
mortality differences by educational attainment for white men and women remained
modest at least until the late-1920 birth cohorts, after which they diverged considerably
(Lauderdale 2001; Masters etal. 2012). Both findings are consistent with an increasingly
robust cohort morbidity phenotype: later-born cohorts experienced fewer and less harsh
insults throughout life and, in particular, during early life.

Turning to indicators of fetal selection on health, we initially examine birth weight.
A study of births in Sweden between 1918 and 1922 found very small changes in birth
weight from one year to the next (Abolins 1962). For example, the birth weight in 1919
was, on average, 17 and 14 g higher for girls and boys, respectively, than in the
preceding year. Although birth weights in Norway during the war were also stable,
they declined in France, Holland, Italy, Austria, Germany, and Russia, but with the
timing of the decline consistently appearing to be unrelated to the Spanish flu pan-
demic. For example, whereas the decline started in 1915/1916 in Berlin, Wiirzberg, and
Marburg, it started in 1918 in Basel (Abolins 1962). Furthermore, the decline was
relatively marginal at 60-80 g. The fact that neither the timing nor the spatial distribu-
tion of changes in birth weight followed the influenza pandemic lends no support to the
hypothesis that the pandemic caused low birth weight.

Figure 1 shows monthly data on stillbirths expressed as a share of every 1,000 live
births obtained from official aggregate Swedish statistics during the period 1914-1925.
The figure shows a distinct increase in the stillbirth rate during the most severe
influenza months. More specifically, although the stillbirth rate typically hovered
between 20 and 25 stillborn children per 1,000 live-born babies, it increased in October
1918 to a rate of almost 35—an increase very similar to that in the United States
(Almond 2006). This increase indicates a certain degree of culling due to the pandemic
among fetuses exposed during the second and third trimester. Although the increase
was considerable in relative terms, it nevertheless resulted in only a very modest
increase of one stillborn child per 100 live births. This conclusion is confirmed by
monthly data on live births, showing no indications that the increasing number of
stillbirths influenced the size of the affected birth cohort (Fig. A6, online appendix).
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Fig. 1 Stillbirths per 1,000 live births, by month. Sweden, 1914-1925. The shaded vertical bars represents the
period October—December 1918. Source: Sveriges Officiella Statistik: Befolkningsrorelsen 1914-1925.

Another indicator of potential fetal health selection is the sex ratio at birth, primarily
deriving from male fetuses being weaker than female fetuses. If the percentage of male
births deviates negatively from the normal 52 % of all live births, it is an indication of a
high incidence of spontaneous abortions, which are likely to have been especially
common during the first trimester of pregnancy. As the influenza peaked during the last
quarter of 1918, if early pregnancy spontaneous abortions surged because of the
influenza pandemic, the sex ratio could be expected to be affected from mid-1919 to
September/October the same year. Fig. A8 (online appendix) shows the sex ratios of
each monthly birth cohort born between January 1916 and December 1920, indicating
that the percentage of males consistently hovered at around 51.5 % and never went
below 50 % or above 53 % at any time during the period. Furthermore, the shaded area
illustrates the sex ratio for the birth cohorts who were in their first trimester of
pregnancy during October—December 1918 and consequently the group that should
have been the most strongly affected if fetal exposure to the 1918 influenza pandemic
caused a change in the sex ratio. The figure shows no indication of an increase in
spontaneous abortions and miscarriages as a result of the influenza pandemic.

Our last indicator of fetal selection is monthly data on infant deaths due to
malformations and disease, most of which took place in the first month of life. Because
the seasonality of births is strong, the number of deaths due to malformations and
disease in a month is expressed in relation to the number of children born in each
month. Figure 2 indicates a distinct increase in infant deaths due to malformations and
disease during December 1918 to February 1919, peaking in January 1919. More
specifically, 45 infants per 1,000 live births in each of these months died from such
causes, compared with between 25 and 30 during any normal month. Although we are
unable to distinguish between infant deaths directly due to a certain disease (such as the
Spanish flu) and deaths due to malformation, we believe that the timing of deaths
suggests a dominance of the latter. Had the peak in infant deaths occurred during the
peak influenza months, it would have been consistent with the notion that postnatal
exposure to the flu resulted in observed infant mortality. Instead, the delayed response
suggests an elevated mortality through malformation among infants exposed to the
pandemic during the third trimester. Although this increase indeed is dramatic in
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Fig. 2 Infant deaths due to malformations and disease, expressed as a share per 1,000 live births during
current month, 1914-1925. The shaded vertical bars represents the period October—December 1918. Source:
Sveriges Officiella Statistik: Befolkningsrorelsen 1914-1925 and Dodsorsaker 1914-1925.

relative terms, in absolute terms, it translates to about 100 more deaths compared with
the average January. Thus, considering that the total number of infant deaths during any
given year during this period amounts to about 8,000 and that the increase is only 1.5—
2.0 percentage points, survival selection due to the pandemic should still be modest.

Health selection of individuals exposed to the Spanish influenza in utero may also
become manifest during childhood and early adolescence (and beyond). Based on
individual-level data on all deaths in Sweden occurring during the twentieth century,
panels a—d of Fig. A9 (online appendix) show cohort age-specific mortality estimates
until age 15. These graphs suggest no lingering elevated mortality among individuals
born during the first three quarters of 1919, which are the primary groups exposed to
the influenza while in utero.® In fact, the cohorts exposed to the Spanish flu while in
utero do not exhibit discernably higher mortality at least until age 15. Although the
stillbirth rate and rate of infant mortality due to malformations and disease suggest a
certain sensitivity among fetuses exposed during late gestation, there appears to be no
indication of persisting health consequences until age 15 years for those who survived
past the fetal stage.

The preceding discussion concerns cohorts exposed to the influenza while in utero or
very early in life, but another potential problem for the analyses concerns birth cohorts
1920-1924, which are used as comparison groups. These cohorts were possibly affected
by nontrivial selection mechanisms due to the relaxation of barriers to emigration after
WWI, which caused a surge in out-migration from Sweden that peaked in 1923, at
approximately 30,000 emigrants. This number should be compared with a low of 5,000
emigrants in 1918 and an outflow of approximately 10,000 annually in 1919-1929
(Befolkningsrorelsen 1911-1929). A similar potential problem applies to the

* Results were obtained through Cox proportional hazards regression analyses on all individuals belonging to
the 1912-1924 birth cohorts. Estimating the hazard of dying using the individual’s age at death as the duration
variable, models control only for the quarter and year of birth.
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composition of parents choosing to conceive during the years 1920-1923; these parents
were potentially affected by the sharp economic downturn affecting Sweden during the
early 1920s (Karlsson et al. 2014). As an illustration, the number of job applications
recorded by the public authorities during October 1921 amounted to almost 270 % of the
number recorded during October 1919. From 1923 and onward, the number of job
applications returned to normal levels (Sociala meddelanden 1919-1924), indicating
that the birth cohorts conceived from then onward (albeit possibly with a certain delay)
should not have been characterized by selection linked to the harsh labor market
conditions.

To summarize, the 1918 pandemic was a very deadly and evidently very
contagious disease that spread worldwide in a short period. Mortality statistics
suggest that the flu affected mainly people in active ages. As far as fetal health
and socioeconomic selection is concerned, however, its effect on children
appears to have been negligible according to a range of indicators. In terms
of health selection, an evident source for concern is the diminished size of the
birth cohort conceived during the influenza pandemic. If this had been due to
increasing fetal death, it would suggest fetal health selection. The sex ratio at
birth, however, remained stable, as did the birth weight, suggesting that those
born were similar to surrounding cohorts. Furthermore, stillbirths increased by
only 1-1.5 percentage points and would therefore contribute only at the very
margin to the diminished size of concerned birth cohorts. The same also applies
to infant deaths due to malformation and disease. Overall survival selection
effects are therefore expected to be small, which is also shown by the fact that
survival to age 15 