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Abstract

The introduction of the first antibiotics in the United States in 1937 led to sharp drops in
child mortality from pneumonia and maternal mortality from puerperal sepsis. We leverage
this plausibly exogenous medical innovation to examine fertility responses among women giving
birth in this era. The decline in child mortality led women to delay childbearing and have fewer
children overall, with fewer women having three or more children, and a larger share remaining
childless. We present a new theory of the extensive margin response, where reductions in
child mortality reduce the time women need to achieve their target number of children. This
prompts fertility delay and labor market entry which, coupled with wage or fecundity shocks,
can result in childlessness. We show that reductions in child mortality increased women’s labor
force participation, improved their occupational status and reduced their chances of ever having
married. Maternal mortality decline had opposing effects on all of these outcomes.
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1 Introduction

This paper investigates fertility responses to one of the most dramatic health innovations in modern
times, the introduction of the first antibiotics in the United States in 1937, which led to sharp drops
in both mortality and morbidity from a range of treatable bacterial infections. Among these, two
of the most prevalent were pneumonia, the leading cause of child mortality, and puerperal sepsis,
the main cause of maternal mortality (Jayachandran, Lleras-Muney, and Smith 2010, Thomasson
and Treber 2008).! Although many studies have argued that mortality decline generates fertility
decline in the context of the demographic transition (e.g. Soares 2005), the evidence is mixed and
a recent survey questions the role of mortality (Galor 2012). More generally, the drivers of the
fertility transition remain hotly debated.

We depart from previous work on the relationship between mortality and fertility in three sub-
stantive ways, which together contribute to illuminating why the evidence is so mixed. We provide
the first analysis distinguishing extensive from intensive margin fertility responses to declines in
morbidity and mortality.? In a key paper, Aaronson, Lange, and Mazumder (2014) highlight the
broader relevance of this distinction to discriminating between competing theories of the demo-
graphic transition, and argue that in a Becker and Lewis (1973) quantity-quality model of fertility,
a decline in the cost of child quality (e.g. due to a decline in the cost of education) increases the
value of having at least one child without changing the value of childlessness, and hence should lead
to an increase in fertility at the extensive margin. We find that, in contrast, the decline in child
mortality and morbidity precipitated by the antibiotic revolution, which presumably improved child
health and thus child quality, resulted in more women remaining childless.

This key finding motivates our second innovation. We develop a new theory of the extensive
margin response in which child mortality decline leads to fertility delay, increased labor force
participation of women and, thereby, to an increase in the fraction of women who are childless.
Essentially, we allow for a third margin in child production in addition to quantity and quality,
namely timing. We empirically confirm the main predictions of this model, showing that the decline
in child mortality occasioned by the arrival of antibiotics led women to delay fertility and to increase
their labor force participation. The third distinctive feature of our analysis is that it distinguishes
fertility responses to a woman’s own mortality risk around birth from the risk of child mortality.
This is important because child and maternal mortality decline often occur simultaneously, and can
have opposing effects on fertility. Thus, omission of maternal mortality may bias estimated effects
of child mortality.

Our findings contribute substantially to a growing body of evidence on the causal effects of
child and maternal mortality decline on fertility (Galor 2012, Albanesi and Olivetti 2014), and
an active literature on childlessness (Baudin, de la Croix, and Gobbi 2015, Currie and Schwandt
2014, Ananat, Gruber, and Levine 2007). We also provide the first systematic evidence that child

!Puerperal sepsis is an infection of the reproductive tract after childbirth.
2The extensive margin of fertility is whether to have zero or at least one child, while the intensive margin of
fertility is the number of children conditional on having at least one.



mortality decline encourages women’s labor force participation, contributing to research on fertility
timing (Herr 2016, Choi 2017, Ananat and Hungerman 2012), and on the interplay between fertility,
labor and marriage market choices (Lundborg, Plug, and Rasmussen 2017, Jensen 2012, Goldin and
Katz 2002, Goldin 1997, Caucutt, Guner, and Knowles 2002). The rest of this section elaborates
on the three innovations, describes the quasi-experimental variation in mortality that we exploit,
summarizes the main results and remarks further upon their contributions to the literature and to
contemporary policy making.

First, we document that the decline in child mortality due to antibiotics led to a decline in
fertility, with a decrease in the number of women with three or more children and, importantly,
an increase in the number of childless women. In the context of classical quantity-quality theory,
the decline in child mortality and morbidity following the introduction of antibiotics acted to lower
the price of child quality and potentially also quantity. The main insight of Aaronson, Lange,
and Mazumder (2014) is that in a Becker and Lewis (1973) style model, a trade-off between child
quality and child quantity can only occur on the intensive margin of fertility for women having
at least one child, where quantity and quality are substitute goods.> For women considering the
extensive margin decision of whether to have any children, a decrease in the price of child quality
unambiguously raises the value of having at least one child relative to remaining childless, and so
reduces childlessness. Thus, the model predicts an ambiguous response to child mortality decline on
the intensive margin of fertility but less childlessness, whereas we find that child mortality decline
acted to increase the number of childless women. We argue that this is due to the change in fertility
timing and labor market choices in response to child mortality decline.

To formalize this argument, we develop a new theory of the extensive margin response, which
is our second main contribution. It is premised on the notion that a decline in child mortality acts
to reduce the total number of pregnancies that a woman needs to have in order to achieve her
target number of children.* As a result, she can initiate childbearing later. This makes it more
attractive to invest in the labor market, and unnecessary to marry early.” Once fertility is delayed
and women are in the labor market, positive shocks to wage earnings, learning about the benefits
of work (Ferndndez 2013), decline in fecundity with age, or indeed inertia, can lead to childlessness.
We thus propose a model that allows fertility to be part of a dynamic choice-set that includes labor
decisions and fertility timing, extending the static quantity-quality framework (Becker and Lewis
1973, Aaronson, Lange, and Mazumder 2014).5

3Specifically, the shadow price of child quality is increasing in quantity, and the shadow price of child quantity is
increasing in quality. Hence, when the price of child quality falls, parents substitute out of quantity and into quality,
which further raises the price of child quantity and generates additional substitution out of quantity and into quality.

4This may be because of the direct effect of more births surviving or because declines in mortality increase the
quality of children, thus reducing the desired number of children. The intensive margin response is consistent with
a reduction in the desired number of children; see also Bhalotra and Venkataramani (2012), who show that children
born after the introduction of sulfa antibiotics had higher human capital as adults.

®The sharp decline in mortality that we trace the effects of was accompanied, as is typically the case, by a sharp
decline in morbidity. As women in this era spent a significant share of their time caring for sick children (an episode
of pneumonia in our pre-reform era lasted 39 days on average), improvements in the health of surviving children will
also have facilitated women’s labor market engagement.

5The 1930s was a period of growing labor force participation of women (Goldin 2006), but the cohorts of women



Consistent with our theoretical framework, we find that the sharp fall in child mortality rates
raised women’s labor force participation, working hours and occupational scores (a measure of the
skill intensity of employment), and decreased the probability that women ever married. These
findings line up with the observed increase in childlessness. Recent models of childlessness suggest
that (voluntary) childlessness is driven by the opportunity cost of childbearing at the upper end of
the education distribution (Baudin, de la Croix, and Gobbi 2015, Aaronson, Lange, and Mazumder
2014).7 Ours is a fundamentally different proposition, as it relies on the intuitive idea that falls in
child mortality give women more time to engage in other activities, which applies to women of any
level of education. Similarly, previous work has linked fertility delay to marriage and labor market
incentives (Caucutt, Guner, and Knowles 2002), but no previous work seems to have linked fertility
delay to falling child mortality.

Importantly, we confirm that the identified marginal responses of fertility and women’s labor
force participation to quasi-experimental changes in mortality are also evident as clean stylized
facts in historical cross-state data (United States) and in contemporary cross-country data. This
underlines the broad scope of our findings. They have important ramifications, especially in today’s
low-income countries where mortality rates remain high, suggesting that a benefit of policies that
reduce child mortality is that they can “liberate” women from early childbearing and multiple
pregnancies. Previous work has documented the liberating influences of the expansion of women’s
education, the introduction of the contraceptive pill, and the legalization of abortion, which enabled
fertility delay, later marriage, and labor force participation (Goldin and Katz 2002, Bailey 2006,
Ananat and Hungerman 2012, Ananat, Gruber, and Levine 2007). We offer a new hypothesis in
arguing that child mortality decline may trigger these same patterns.®

A third feature of our analysis is that it distinguishes fertility responses to child and maternal
mortality. While theory suggests that, on balance, fertility tends to decline in response to declines
in child mortality, declines in maternal mortality risk should encourage fertility because they lower
the cost of birth. Often, major innovations such as in infectious disease therapy or policy regime
changes will lead to reductions in child mortality that are contemporaneous with reductions in
maternal mortality. Then, if child and maternal mortality decline do have opposing effects, we
may see limited change in fertility even when the two underlying causal relationships are strong.
There is limited evidence on the size or nature of fertility responses to maternal mortality decline,
with the exception of Albanesi and Olivetti (2014) and Albanesi and Olivetti (2016), who estimate

in our sample were those that typically had to choose between career and family (Goldin 2004). Aaronson, Dehejia,
Jordan, Pop-Eleches, Samii, and Schulze (2017) show that a negative relationship between fertility and labor supply
first emerges in the United States in the 1940 census, which is consistent with our findings.

"Baudin, de la Croix, and Gobbi (2015) also observe that (involuntary) childlessness is driven by poverty at the
lower end of the education distribution.

1t is striking that the suite of outcomes that we show respond when potential mothers are exposed to child
mortality decline is similar to the suite of outcomes that Aaronson, Lange, and Mazumder (2014) show respond
when women are exposed to higher education as children. Among the second generation women in their sample, net
fertility is lower, childlessness is higher, marriage is delayed and women have higher occupational scores. Next, the
contraceptive pill is estimated to have delayed fertility and increased labor market participation but with no impacts
on completed fertility at either margin. Indeed, women in the sulfa era had to choose between career and family
while women in the pill era could have both (Goldin 2004, Coles and Francesconi 2017).



that a decline in maternal mortality of one death per 1000 live births is associated with a rise in
completed fertility of 0.27 children per married woman and a decline in childlessness among the
college-educated, and that medical progress through maternal mortality decline and the invention
of infant formula explains around half of the increase in female labor force participation between
1930-1960. We find that the decline in maternal mortality increased fertility (at the extensive
margin) and raised the fraction of women who married, but in contrast with Albanesi and Olivetti
(2016), that it also discouraged women’s labor force participation.

Having profiled our main findings in relation to the existing literature, we now discuss our iden-
tification approach, the magnitudes of the estimated parameters, and competing interpretations of
our results. When introduced, sulfonamide (sulfa) drugs were available nationwide, at pharmacies,
and at an affordable cost (Lesch 2007). However, there was considerable geographic dispersion in
the pre-intervention levels of pneumonia and maternal mortality, and we exploit the fact that states
initially most burdened by pneumonia and maternal mortality experienced the largest declines in
these mortality rates following the introduction of sulfa drugs, in a difference-in-difference approach.
Our empirical strategy is similar to that in Acemoglu and Johnson (2007) and Bleakley (2007).
Effectively, we investigate whether the post-sulfa convergence in levels of pneumonia and maternal
mortality across the U.S. states after 1937 is mirrored in the fertility behavior of women giving
birth during this time.'”

The main threat to identification arises if birth outcomes exhibited non-parallel trends in the
pre-sulfa era in states with higher versus lower disease burdens. We investigate this and find no
evidence of diverging pre-trends. We nevertheless control for a rich set of placebo diseases (diseases
not treatable with sulfa drugs), measures of health care access and socioeconomic conditions at the
state-year level. We also include region-year fixed effects to control more flexibly for convergence in
unobservable factors. We show that our estimates are robust to a number of specification checks,
including controlling for confounding events, such as the role of the Second World War, New Deal
spending and the Dust Bowl, and that they stand up to checks that account for measurement error,
survivorship bias, sample selection and migration.

Many previous studies analyze gross fertility (number of births) rather than net fertility (sur-
viving births), while theoretical predictions tend to refer to the latter (Galor 2012). Measures of
gross fertility will tend to overestimate fertility targets because some children do not survive, while
measures of net fertility will tend to overestimate voluntary childlessness since they will not record
births that did not survive. We use both net and gross measures of fertility and show that, in
response to sulfa drugs, they moved in the same direction.

Using the United States decennial population censuses for 1940-1970, we identify women of

9These are amongst the small set of studies that attempt to account for the endogeneity of mortality. Bleakley
(2007) is the only other paper analysing fertility responses to a reduction in child morbidity, but in a context where
there was no concomitant reduction in either child or maternal mortality. Acemoglu and Johnson (2007) analyse the
impacts of historical health innovations, including antibiotics, on economic growth per capita; fertility is considered
as it influences the population size (the denominator).

10 Although there was only one medical innovation, the pre-intervention levels of pneumonia mortality and maternal
mortality exhibit a different distribution across the U.S. states - see Section 2.



reproductive age (15-40) in a window around the introduction of antibiotics in 1937. First, we
estimate the hazard of birth of a woman in a given year in 1930-1943 as a function of exposure to
sulfa drugs. This model estimates differences in birth timing and birth probability before compared
to after 1937 in states with higher versus lower burden from sulfa-treatable pneumonia mortality
(the leading cause of child mortality) and maternal mortality. Second, to complement this analysis
and estimate the effect of antibiotics on childlessness and completed fertility, we find these women
in later censuses and estimate the “stock” of children as a function of exposure to sulfa drugs,
defined as the number of fertile years a woman was exposed to antibiotics interacted with pre-sulfa
mortality rates at the state level. The hazard model captures the dynamics of fertility, but the
stock model allows us to distinguish the extensive and intensive margins of fertility, as well as gross
and net fertility.

Our main findings are as follows. If we use a decline from the 75th to the 25th percentile of
the pre-intervention pneumonia mortality distribution to scale our estimates, they imply that the
time to first birth increased when pneumonia mortality declined, and the average woman was 0.3
percentage points less likely to become a mother for every additional year of exposure to the decline
in child mortality (relative to a pre-intervention per-year mean of 5.1%). As the average length
of sulfa exposure in this sample was 16 years, this effect is economically significant. We find no
significant impact of maternal mortality decline on the time to the first birth. Estimates from the
stock model imply that this same decline led to a 4.6 percentage point increase in the probability of
childlessness for women who had not yet completed their fertility at the time of census enumeration,
and to 0.18 fewer (net) children conditional on at least one (which is 7% of the baseline mean of
2.61). By the time women completed their fertility, the impact on childlessness is estimated to
have been an increase in 1.4 percentage points, suggesting that two thirds of the response for the
childbearing sample was due to delay, and one third due to permanent childlessness.

At the same time, the decline in maternal mortality resulted in the average woman in the child-
bearing sample being 3.3 percentage points (or 9% of baseline) less likely to be childless. However,
this effect is estimated to be zero for the sample of women with completed fertility, suggesting that
the decline in maternal mortality altered the timing of births but not the desired number. Note
that the impacts of maternal and child mortality are not comparable because they are on different
scales: an inter-quartile shift in pneumonia mortality (-0.26) is of very different magnitude to an
inter-quartile shift in maternal mortality (-1.84). Moreover, the compliers responding to declines in
pneumonia and maternal mortality are likely different; for instance, estimates by education suggest
that the average response of women’s employment to maternal mortality was driven by women with
less than high school education (and larger among black women, though evident for both races).!!
In contrast, women’s employment responses to child mortality are evident at both ends of the edu-

cation distribution (although restricted to white women). Overall, to the extent that different types

"'This is presumably because women with low levels of education had higher baseline risks and so were more
treatable by sulfa drugs. Bhalotra and Clarke (2016) document negative causal estimates of women’s education on
maternal mortality. In contrast, we find similar coefficients on child mortality decline for women with high (college)
and low education (high school dropouts).



of women are at the margin for responses to child and maternal mortality, this suggests a possible
polarization among women, with some increasing labor supply and decreasing their fertility, and
others doing the opposite.

Turning to mechanisms, and consistent with the predictions of our fertility delay model, we
find that the decline in pneumonia mortality led to increases in the probabilities that women
were in the labor force and employed, increased hours of work, and higher occupational scores,
while also leading to a reduction in the probability that they ever married. We estimate that
the mean duration of exposure (during the reproductive years) to sulfa drugs led to an increase
in the probability of labor force participation and employment of 2.6 and 2.8 percentage points
respectively, which is 7% and 8% of the baseline means respectively. Over the decade of the 1930s,
labor force participation among married women increased by 15.5 percentage points. Previous work
has attributed this to the rise in high school completion (Goldin 2006) but our results suggest that
child mortality decline may have contributed a substantial share of this rise.'?> We also estimate an
increase of 6.6 percentage points in the average woman’s occupational score, and that she worked
1.15 hours more per week. Our estimated impacts on marriage rates are smaller, with the chances
of being ever-married declining by 1.5 percentage points (or 1.7%).

As is common, we do not have an instrument for each potential channel, but we estimate
that child mortality decline increased the joint probability of childlessness and work by 19% of
baseline, and that this increase was driven entirely by the decline in the number of women who
were both not working and not childless. The descriptive associations are consistent with labor
force participation and marriage being mechanisms driving the link between child (pneumonia)
mortality and childlessness. For instance, comparing means for childless women versus mothers in
our sample, we observe that 53% of childless women were employed compared to 37% of mothers,
and that 89.5% of childless women were ever-married compared with 99.6% of mothers.

The magnitudes of the estimated effects of child mortality on fertility, labor and marriage
market choices in this study are broadly comparable to estimates in other studies of the impacts
of improvements in own education (on fertility and occupational scores) (Aaronson, Lange, and
Mazumder 2014), and to impacts of the birth control pill on fertility delay and labor market
participation (Goldin and Katz 2002, Bailey 2006, Ananat and Hungerman 2012).!3

We consider competing interpretations of our findings, focusing upon the result that child
mortality decline increased women’s labor force participation. One is that it was sulfa-related
improvements in maternal health and women’s life expectancy that led to increases in their labor
market attachment (as in Albanesi and Olivetti 2016), rather than the decline in child mortality.
Another candidate is the role of income change (as in Baudin, de la Croix, and Gobbi (2015) and
Baudin, de la Croix, and Gobbi (2017)). A third possibility is that the increases in women’s labor

121f every additional childless woman worked, the increase in employment would be 12.8%, which is the increase
in childlessness we estimate using the net fertility measure. Thus, 8% underlines the plausibility of the link between
changes in childlessness and employment of women.

3Bailey (2006) estimates that contraceptive pill access by age 21 increased labor force participation among 26-30
year olds by 18%.



force participation that we attribute to child mortality can instead be attributed to the Second
World War, given previous work showing that women joined the labor force in response to men’s
deployment (Acemoglu, Autor, and Lyle 2004, Goldin and Olivetti 2013). We investigate these
alternatives and show that they do not drive our findings.

In contrast to recent models of childlessness (Aaronson, Lange, and Mazumder 2014, DeCicca
and Krashinsky 2017), our findings are not driven by changes in women’s acquisition of education
(although we do estimate a small increase in high school completion rates in response to child
mortality decline). Moreover, in contrast to the results in Baudin, de la Croix, and Gobbi (2017)
and DeCicca and Krashinsky (2017), marriage does not seem to be a necessary pathway. Similar
to Baudin, de la Croix, and Gobbi (2017), we find that child mortality decline is associated with
a later age at marriage and lower chances of having ever married, alongside an increase in child-
lessness. However, the coefficients indicate relatively small effects and, more importantly, results
by education and race for marriage outcomes do not mirror the results for fertility and employ-
ment, suggesting that marriage was one important margin of response but not the main mediator
of impacts on childlessness. Although the vast majority of births in this era were in-wedlock so
that marriage and fertility co-varied, marriage bars that prevented married women from working
were virtually eliminated by 1940 (Goldin 2006), affording a de-linking of marriage and the labor
force participation of women.'* Importantly, we underline that voluntary fertility timing choices
generate childlessness, while in the model in Baudin, de la Croix, and Gobbi (2015), childlessness
is largely involuntary. We assume that all women can control their fertility, in line with Morgan
(1991) and Engelman (2011).1°

Our findings are of contemporary relevance. Pneumonia is the leading cause of death among
children today, and puerperal sepsis continues to be a major cause of maternal mortality. Child and
maternal mortality rates in developing countries remain high: 6 million under-5 children continue
to die every year (Liu, Oza, Hogan, Chu, Perin, Zhu, Lawn, Cousens, Mathers, and Black 2016),
while maternal mortality still remains unnecessarily high, at around 800 deaths each day (Ceschia
and Horton 2016). Fertility also remains high at 4.7 births per woman on average in Africa, and
2.2 births per woman in Asia and Latin America (United Nations 2015). While eighty years have
elapsed since the innovation of antibiotics, the average consumption of antibiotics in West Africa
is approximately 90% lower than in the United States despite much higher rates of infectious
disease, marking poor access (Hogberg, Muller, Zorzet, Monnet, and Car 2014). Although there
have been marked declines in child and maternal mortality in the last 25 years in response to
worldwide mobilization and increasing investments in public health, there is limited causal evidence
of fertility responses to these investments. Our findings suggest that investments in global health

will lead to fertility decline, with possible knock-on effects on childlessness, women’s labor market

"Tn DeCicca and Krashinsky (2017), education raises the probability of being married, and marriage lowers the
price of child quality as fathers provide inputs and insurance, so women have more children on both the extensive
and intensive margins. Although their earnings increase, their labor force participation does not.

""In the simulations presented in Baudin, de la Croix, and Gobbi (2017), the ability to control fertility increases
marriage rates and overall fertility (these women become more attractive on the marriage market), whereas in our
case, the ability to control fertility gives women the option to delay, which can result in childlessness.



participation and marriage market choices. These knock-on effects rely on the availability of labor
market opportunities for women, which will vary across developing countries. Furthermore, women
being economically active and financially autonomous is linked to increased investments in children
(Lundberg, Pollak, and Wales 1997, Baranov, Bhalotra, Biroli, and Maselko 2017) and reductions
in domestic violence (Aizer 2010), underlining the broad scope of our findings.

The remainder of the paper evolves as follows. Section 2 explains the context and documents
the decline in child and maternal mortality rates occasioned by the sulfa drug revolution. Section 3
describes the empirical strategy and Section 4 discusses the data. Section 5 discusses the estimated
effect of sulfa exposure on fertility. Section 6 presents the dynamic model of fertility and labor
choices and the estimated effect of sulfa exposure on labor and marriage market outcomes. Section

7 concludes.

2 Mortality Rates and the Sulfa Drug Revolution

The United States in the 20th century was characterized by high levels of maternal and child mor-
tality (Britten 1942, Linder and Grove 1947, Thomasson and Treber 2008, Jayachandran, Lleras-
Muney, and Smith 2010). Pneumonia was the leading infectious cause of child morbidity and
mortality, most often occurring as a complication of influenza, and the leading cause in general af-
ter death from premature birth and congenital defects. Child mortality (among the under-5s) from
pneumonia in the United States stood at an average of 11.8 per 1000 population between 1930-36,
of which the majority occurred among infants (under-1s; 8.2 per 1000). Pneumonia mortality rates
are U-shaped in age, being around ten times higher among infants than among adults and rising
among the elderly (see Figure 1). Hence, the reduction in pneumonia mortality will have had a
small if any impact on the health of women.!6 A major cause of maternal mortality, accounting for
40% of maternal deaths, was puerperal fever, an ascending bacterial infection of the reproductive
tract that can occur soon after birth. The rate of maternal mortality per 1000 live births was 6.35
in 1930 (Vital Statistics). Maternal mortality is the tip of an iceberg, the mass of which represented
high rates of maternal morbidity (Albanesi and Olivetti 2014). Also, as we will discuss in more
detail, puerperal sepsis could cause uterine scarring and infertility among those who survived, thus
influencing future births. For pneumonia and post-partum fever among new mothers, the mainstay
of treatment up until the introduction of sulfonamide antibiotics in 1937 was supportive care. The
arrival of antibiotics drastically altered the standard of medical care.

Sulfa drugs were discovered by German chemists experimenting with textile dyes in 1932 and
become widely available in the United States starting in 1937. By all accounts, adoption was
widespread and quick, costs were relatively low for a life-saving drug, and this was reflected in

sharp declines in mortality from pneumonia as well as maternal mortality, with an ensuing "sulfa

16Pneumonia was the most prevalent infectious disease and the leading cause of post-neonatal deaths. It accounted
for 10% of all-age deaths and 17% of infant deaths in the United States in the 1930s. In terms of morbidity, estimates
from the US National Health Survey of 1934-1936 show a case rate of 3 per 100 infants, with rates twice as high
among the poor and those living in crowded conditions (Britten 1942).



craze" (Jayachandran, Lleras-Muney, and Smith 2010, Lesch 2007, Lerner 1991).17

In addition to reducing mortality, the arrival of sulfa drugs led to significant reductions in mor-
bidity (Greengard, Raycraft, and Motel 1943, Hodes, Stifler, Walker, McCarty, and Shirley 1939,
Moody and Knouf 1940). Prior to the introduction of antibiotics, pneumonia was a debilitating
disease with typical spells often lasting 39 days and children tending to have recurrent spells (Brit-
ten 1942). With the arrival of sulfa drugs, the severity and length of these episodes decreased
(Connolly, Golden, and Schneider 2012), and this was documented in clinical trials among hospital
inpatients (Greengard, Raycraft, and Motel 1943, Moody and Knouf 1940), and in the community,
as the medication was readily available without prescription until 1939, and at relatively low cost
(Lesch 2007, Lerner 1991). Historical research documents the wide penetration in the consumer
pharmaceuticals market (Lesch 2007). Relevant to the ensuing discussion, a reduction in pneu-
monia morbidity among children will have increased the disposable time of women, who were the
main care-givers for children and the sick. A marker of the substantive importance of morbidity
decline among children born in the sulfa era is that reduced exposure to pneumonia in infancy had
large and statistically significant impacts on their educational attainment, employment, income,
and disability when adults (Bhalotra and Venkataramani 2012).

Sulfa drugs arrived during a period of declining childlessness, increasing fertility and increasing
labor force participation (Figure 7). Thus, any labor market impacts of sulfa drugs will have been
bolstered by the fact that this was a time of increasing opportunity for women to have careers if
they chose to do so (Goldin 2004).

3 Research Strategy

Our research strategy exploits the timing of the introduction of antibiotics, which created sharp
variation across cohorts in exposure to disease, with systematically larger changes in states with
higher pre-intervention burdens of disease. We essentially compare fertility behavior before and
after the arrival of sulfa drugs for women born in states with higher and lower pre-antibiotic
mortality rates. Figure 3 shows trend breaks in pneumonia and maternal mortality in 1937. The
steepest post-sulfa decline in pneumonia mortality was amongst infants and young children (Figure
2). Moreover, the arrival of sulfa drugs stimulated convergence in the levels of pneumonia and
maternal mortality rates across the U.S. states, the states with higher pre-1937 burdens of disease
showing greater absolute declines in mortality levels; see Figure 4. Convergence in pneumonia
mortality rates was most marked for child pneumonia (Figure 5). The patterns in the figures are
formalized with tests of significance in Tables 14 and 15 in Online Appendix B. As we investigate
the importance of two causes of death, it is important that pre-intervention levels of pneumonia

and maternal mortality exhibit a different distribution across the U.S. states. Figure 6 shows that

17Sulfa drugs also reduced mortality and morbidity from skin and soft tissue infections and meningitis (Jay-
achandran, Lleras-Muney, and Smith 2010). However, the incidence of these diseases was very low and they made
insignificant contributions to both infant and maternal mortality. For example, the all-age mortality rate from skin
diseases in the U.S. was 1.8 in 1930, and from meningitis 2.1, compared to an all-cause infant mortality rate of 69
(Vital Statistics).
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while they are positively correlated, they also exhibit independent variation. Following a tradition
in the literature (Almond 2006, Bozzoli, Deaton, and Quintana-Domeque 2009), we assume that
changes in mortality are a proxy for both mortality and morbidity.

The Dynamics of Birth

First, we analyze how the timing of birth reacted to child and maternal mortality decline
occasioned by the discrete introduction of sulfa drugs. For this, we use the sample of women of
reproductive age during 1930-43 and model the hazard of birth in a short window around 1937 using
a data file expanded to the woman-year level. We estimate the impacts of exposure to post-sulfa
decline in pneumonia and maternal mortality, conditional on time since the previous birth, birth

order and other covariates. The estimating equation is:

Pr(Yjss = 1) =p+ [ * prePneumonias * post1937; (1)
+4 * pre M M R * post1937;
+Bshazardcontrols; + 3,womanbirthyear; + B;race; + Bgeducation;

+B7As + B0t + Byt + Brg * post1937; x statecontrolss + ujst,

where Y is a binary indicator that equals 1 if woman j born in state s gave birth in year
t, post1937; equals one if the birth year of the child is 1937 or after and prePneumonias and
preM M R, are the pre-1937 state-level mortality rates from pneumonia and maternal mortality
(MMR) respectively, constructed as averages over 1930-1936. We estimate equation (1) as a logistic
regression, yielding estimates for a discrete time proportional hazard model.

The vector hazardcontrols; consists of indicator variables for woman j’s time since her last
birth (count starts at age 15) and indicator variables for the birth order of woman j’s next birth.!®
We also include the following fixed effects: the woman’s birth year (womanbirthyearj), her race
(race;), education (education;), and birth state (Ay), and the calendar year of the potential birth
(6;). Education is related to potential wages and fertility preferences. We control for a vector of
state-year varying measures (detailed below), the evolution of which may be correlated with birth
outcomes and sulfa exposure. Importantly, we include the pre-intervention level of these variables
interacted with the indicator post1937;, using the same formulation as that used to capture the
pneumonia and maternal mortality shocks. To further allow for unobservable trends, we include
census region-year fixed effects (d)m).lg In a robustness check in Online Appendix D, we also
investigate controls for woman fixed effects, which will capture any unobservables that determine
compliance and are also correlated with fertility preferences.

In order to distinguish between the extensive and intensive margins of fertility timing, we extend

this analysis to estimate separately the effect of mortality decline on the probability of a first birth

18Tn pooling multiple births, we are assuming that conditional on covariates, these represent independent events.
We cluster standard errors at the state level, and control for the birth order and other woman-specific factors such
as education and race, which alleviates concerns over unobserved heterogeneity.

9 There are four census regions. The estimates are similar when using state linear trends in place of census region-
year fixed effects, as well as when not including census region-year fixed effects, indicating that they are not required
for satisfying the common trends assumption.

11



and the probability of higher order births. In particular, we estimate equation (1) on the subset
of the sample where we only include woman-year observations where the woman would be giving
birth to her first child (the extensive margin), and only including observations where the woman
would be giving birth to her second or higher-order child (the intensive margin).

In assigning pre-intervention mortality rates and state-level controls to women, we use their
birth state. This is because migration decisions after birth are potentially endogenous.?’ The
coefficients of interest are 5, and f3,, which capture the causal effects of pneumonia and maternal
mortality decline on the probability of birth. Standard errors are clustered at the birth state level to
account for the increased propensity to falsely reject the null hypothesis in difference-in-differences
models that do not account for serial correlation across years and within states (Bertrand, Duflo,
and Mullainathan 2004).

The Stock of Births

Changes in the timing of births may be adjusted for later in the lifecourse; indeed, women
delayed fertility following the introduction of the contraceptive pill but with no impact on completed
fertility (Ananat and Hungerman 2012). So, in order to assess whether there was catch up or
compensating variation in fertility in later years, we estimate the stock of births for women of the
same birth cohorts as in the hazard sample, but observed in later census years. We create two such
samples. One is of women who have plausibly completed fertility, being aged at least 40 at the
time of census enumeration; the second pools women aged 18-40 at enumeration to provide further
evidence on fertility timing. In both cases, the samples are of women who were of reproductive

21 We now model exposure as

age either at the time of the antibiotics, or shortly before or after.
the number of fertile years spent in the post-antibiotic era, interacting this with pre-sulfa mortality
rates as in the hazard model.

Using the stock model, we give up the ability to identify responses from a discontinuity in
exposure in a dynamic setting, but we gain an estimate of whether fertility responses simply reflect

the advancing or deferral of overall fertility. The estimating equation is:

Bjse = a+ ay x prePneumonias * sul fayears; (2)
+ag * preM M R * sul fayears;
+as x birthyear, + ayrace; + aseducation; + agA;

+a * sul fayears; * statecontrols, + e,

where Bjs. denotes the total number of births to woman j born in state s in cohort c¢ at the

time of the census and sul fayears; is the number of fertile years of woman j during which she is

20As a result, we may underestimate treatment effects for women who moved into areas with the largest health
gains. However, as a check, we re-estimated the equation assigning all state-level variables to the resident state of
the woman at the time of census enumeration, and the results were qualitatively similar.

2In particular, the oldest woman in the stock sample at the time of antibiotics introduction was 44 in 1937, so
that she was reproductive until 1933, and the youngest woman was six in 1937, so that she was reproductive from
1946 onwards; see Section 4 for details.
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exposed to sulfa drugs. We assume women are fertile between the ages of 15 and 40. In the case
of uncompleted fertility, sul fayears; may include future years: for example, a woman aged 30 at
the time of the census who was 20 in 1937 would have 20 fertile sulfa years, of which 10 are in
the future. If women make dynamic fertility choices, they care about their total exposure to sulfa
drugs, and not only their past exposure. We control for birth cohort, race, education and birth
state fixed effects, and for state-year varying variables interacted with sul fayears;, similar to the
hazard model. Standard errors are again clustered at the state level. To identify the extensive
margin response, we redefine the dependent variable as a binary indicator for non-zero versus zero
births. To identify the intensive margin response, we re-estimate equation (2) restricting the sample
of women to those with at least one birth. When considering labor and marriage market outcomes
in Section 6, we replace the left-hand side variable with several measures of labor and marriage
market outcomes.

Threats to Inference

Threat to inference with the models outlined above arises if convergence would have occurred
even without the arrival of sulfa drugs, and if there are unobservables that correlate with baseline
mortality rates that predict different trends in outcomes.?? In the hazard model, we control flexibly
for underlying trends by including census region-year fixed effects. In both models, we allow
for state-specific trends in a range of variables that reflect baseline economic and infrastructural
conditions that may have been correlated with baseline pneumonia and maternal mortality, or
influenced the diffusion of sulfa drugs. These are the logarithms in per capita terms of state income,
public health spending, education spending, and the numbers of schools, hospitals and physicians
per capita. We similarly allow for differential trends by women’s labor force participation and
female literacy. Income per capita, in particular, captures underlying convergence in economic
development across states, which may affect mortality and fertility. However, we note that income
per capita itself is not the most important predictor of variation in pre-sulfa mortality rates across
states. For example, it explains only 10.7% of the variation in pneumonia mortality and 17.4%
of the variation in maternal mortality. In contrast, racial structure, for example, explains more
variation than income for both sources of mortality, and is particularly important for maternal
mortality. Hence, we also control for individual-level race in all regressions. We return to the
question of underlying trends in economic conditions on presentation of the results below; the fact
that we find opposing effects of child and maternal mortality on fertility and labor market outcomes
is another reason why economic development is an unlikely confounder of our findings, as it would
need to be correlated in opposite directions with convergence in child and maternal mortality, which
is not the case in the raw data.

We control for six cause-specific mortality rates from diseases that were not influenced by sulfa
drugs (placebo diseases). This ensures that we are not simply capturing the effects of secular changes

in the overall disease environment. Including deaths from communicable diseases (tuberculosis,

22 Candidate omitted variables include pre-intervention trends in other factors that influence fertility, such as income
or skill-biased technological change that differentially increased the returns to quality (i.e. human capital investment)
or that produced increased opportunities for women.
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diarrhea, malaria) helps control for state-specific changes in, for instance, sanitation, public health
programs and housing, that may have coincided with the arrival of sulfa drugs and influenced
fertility decisions. We also include non-communicable diseases (cancer, heart disease) to control
for factors such as health care quality and access. For all of these variables, we use a pre-sulfa
state-level measure, which is their average over 1930-1936 and, in the hazard model, we interact
this with post1937; and, in the stock model, with sulfayearsj.23 Since this was an era in which
the states were joining the U.S. Vital Statistics registration system, there was some variation in the
quality of birth and mortality data. To address this, we include the years that each state entered
the U.S. Vital Statistics birth registration and death registration systems, interacted with post1937,
(hazard) or sul fayears; (stock). As discussed later, we also test for differential pre-trends in birth
outcomes for states with above versus below median pneumonia and maternal mortality rates, on
a pre-sulfa sample of 1930-1936.

4 Data

Data on fertility outcomes are taken from the United States Census Microdata (Ruggles, Alexander,
Genadek, Goeken, Schroeder, and Sobek 2010). Online Appendix A describes each dataset in
greater detail. We focus our attention on women born in the years 1893-1931 and thus aged 6-44 in
1937: we exclude women aged five and under in 1937 as they were potentially directly treated by
antibiotics as children, and include women aged 40-44 as a comparison group who were unexposed
to sulfa drugs during their fertile period. We find these women in different censuses, depending on
the age at which we are interested in their fertility and labor market outcomes.

The hazard dataset is constructed from pooled census microdata using the 1940 and 1950 1%
samples, and we restrict our analysis to births that occurred in a short window around 1937, namely
1930-1943, to limit the role of confounding events, such as the influenza epidemic of 1928-9 and the
increasingly widespread use of penicillin after 1943. We select women who were of child-bearing
age (15-40) at any time between 1930 and 1943 and expand the data to create a woman-level panel,
with observations for every year in which a woman was at risk of giving birth. Thus, we only include
woman-year observations in which a woman was aged 15-40 in that year, so that we capture choices
during the fertile period. This implies that the cohorts in the hazard sample were born in the years
1893-1928, as cohorts born between 1928-1931 did not become fertile until 1944, which is outside
our hazard study window. In theories of population increase and economic growth, the focus is
on the number of surviving children a woman has, or net fertility (Acemoglu and Johnson 2007,
Brueckner and Schwandt 2015). Women looking to achieve a target number of births will also set
the target in net terms (Galor 2012), although the costs to the woman stem from the total (gross)
number of births. In the hazard model, we use a measure of net fertility that derives from a record
of the children living in the mother’s household at the time of enumeration. Using a variable that

links child records to mothers, we constructed a complete history of live births for each woman.

Z3For female labor force participation and literacy, we use the value in 1930 as annual series are unavailable.
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We restrict births to biological births (95% of children in the household) that occurred in the U.S.
As is standard, this measure necessarily excludes any pregnancies that did not result in live births,
and any deaths that occurred after birth but before the census (the child pneumonia mortality rate
between the ages of one and five was approximately 3.6 per 1000 population, less than half of the
under-one mortality rate, so that most child deaths occurred during infancy). It also excludes any
children that had left home. The latest census we use is the 1950 census, where the oldest child
born during the estimation period 1930-1943 would have been 20, which minimises concerns about
missing older children.

The stock dataset is compiled from pooled census microdata containing the 1% samples of the
1940, 1950, 1960 and 1970 censuses.?* In this sample, we include not only women aged 15-40 in
the period 1930-1943 (as in the hazard sample) but also fully treated women (aged <=15 in 1937),
and untreated women (aged 40-44 in 1937). All women aged 15-40 in 1937 were partially treated.?®

We are primarily interested here in measuring completed fertility. To this end, we identify
women aged 40 or more at the time of census enumeration. For example, the 1917 cohort will
have turned 40 in 1957, so we find them in the 1960 census. This allows us to estimate whether
any change in birth timing that we observe among women giving birth in the sulfa era reflects
intertemporal substitution, or a change in the overall number of children. We have two measures of
completed fertility. First, we use a gross measure, being the response to a question that asks about
the total number of live births a woman has ever had.?® Second, we also estimate the stock model
using net fertility (defined in the same way as in the hazard sample, based on children resident in the
household). Net fertility will tend to underestimate total fertility and overestimate childlessness due
to children moving out, hence when assessing the impact on net completed fertility, we restrict the
sample to women aged at most 50 at census enumeration. Gross fertility will tend to overestimate
total fertility and underestimate childlessness (as some women with a positive number of live births
will end up childless due to children dying). As we estimate the effect of sulfa on both measures of
fertility, we are able to redress the weaknesses of each.

We also estimate the effect of sulfa exposure on fertility timing in the stock model, by using a
sample of childbearing women aged 18 to 40 at the time of census enumeration. As these women
have not completed their fertility, this analysis provides a bridge between the hazard model esti-
mates (where net fertility is estimated as a flow during the reproductive years) and the stock model

estimates of completed fertility.?” Given that we are restricted to observing younger women, the

24 Although the 1960 and later censuses were flat samples, the 1940 and 1950 censuses oversampled some groups.
We reestimated our main results with survey weights and they were very similar to the reported results in Section 5.
For compactness we do not report these estimates.

Z5Recall that in the stock model, we define treatment as the number of fertile years that a woman was exposed to
sulfa drugs, while in the hazard model we use a binary indicator for whether the potential birth year is after 1937.
In both cases we interact these with state averages of the pre-intervention mortality rates from the sulfa-treatable
diseases of interest.

*6The live births question was asked only to ever-married women in the 1940 and 1950 censuses (and all women
subsequently). In our sample, 92% of women are ever-married in the 1940 and 1950 censuses. We have checked that
our results are robust to considering only ever-married women in the 1960 and 1970 censuses.

2TA threat to inference with net fertility arises if the age at which children leave home is correlated with state
level baseline pneumonia or maternal mortality. Although this should be absorbed by state fixed effects, the results
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cohorts in this sample were born between 1900-1931: women born between 1893-1900 would have
been at least 40 by the time of the 1940 census, and hence have completed their fertility.?

Data on baseline rates of diseases were taken from several volumes of the U.S. Vital Statistics
(Grove and Hetzel 1968, Linder and Grove 1947, Ruggles, Alexander, Genadek, Goeken, Schroeder,
and Sobek 2010, Bureau 1943). For the pre-intervention levels of maternal and pneumonia mortality
we use the state-level average over the years 1930-36 of the mortality rate. For maternal mortality,
this is defined per 1000 live births and for pneumonia it is the all-age pneumonia-influenza mortality
rate per 1000 population. We use an all-age rate in place of the child rate, and the combined
measure of pneumonia-influenza instead of pneumonia only, in order to reduce measurement error.
Infant deaths were known to be under-reported during this time (Linder and Grove 1947), with
under-reporting varying by state, making the child rate noisier than the all-age rate. However,
much of the variation in the all-age rate is from child deaths, and a steep decline in child deaths
after 1937 contributed significantly to the all-age decline: see Figure 2. Still, in Section 5.3, we
show that our estimates are robust to using the all-age rate as an instrumental variable for the
infant rate. As for using the combined pneumonia-influenza measure in place of pneumonia, the
diseases shared symptoms, such as cough and fever, and so were difficult to distinguish in the
1930s. Moreover, they were intrinsically related since pneumonia often developed from an initial
influenza infection. A reflection of the problem of isolating pneumonia from influenza deaths is that
annual time series data are only available for the combined measure. However, using decadal data
that provide separate series for pneumonia and influenza, we note that (a) pneumonia dominated
the combined mortality rate, with 8.9 deaths per 1000 in 1930, compared to 1.3 deaths per 1000
live births from influenza, and (b) the decline in the combined mortality rate between 1930 and
1940 was entirely on account of a decline in the pneumonia mortality rate: while influenza rates
fluctuated considerably with epidemics and seasons, the average rate was steady across the decade.

We collated data on under-2 diarrhea, heart disease, cancer, malaria, and tuberculosis mortality
from U.S. Vital Statistics as control variables, creating state-specific and cause-specific pre-sulfa
era mortality rates between 1930 and 1936. We compiled time series data on the socioeconomic
and infrastructure variables described in Section 3 from several sources.?’

Tables 1, 2 and 3 provide descriptive statistics for the hazard and stock samples, as well as for

are similar when considering net fertility among different age groups at census, focusing on younger women where
children are less likely to have moved out; see Online Appendix D.

28We have intentionally opted to select samples based on age at census enumeration, in order to compare outcomes
during childbearing and after childbearing years. This means that there is a small difference between the cohorts
analyzed across the childbearing and completed fertility samples. We have verified that our main results (fertility,
labor and marriage market) are very similar when we restrict the sample of each estimate to have exactly the same
cohorts.

2Gtate time series data on logged state per capita income were downloaded from the Bureau of
Economic Analysis website (http://www.bea.gov/regional/spi/). Data on the number of schools, doc-
tors, hospitals, and educational expenditures per capita were taken from Adriana Lleras-Muney’s web-
site (http://www.econ.ucla.edu/alleras/research/data.html).  These data were originally collected from var-
ious volumes of the Biennial Survey of Education (schools and expenditures) and the American Med-
ical Association’s American Medical Directory (doctors and hospitals). For state per capita health
expenditures, we used data collected from various reports from the US Census Bureau. (See
http://www.icpsr.umich.edu/icpsrweb/ICPSR /studies/63047archive=ICPSR&q=6304)
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the state-specific disease environment measures and controls. In the hazard model, the woman-year
observations are balanced before and after the intervention, with an annual mean probability of
birth of 8.7%. All-age pneumonia and influenza mortality before the intervention was on average
1.09 per 1000 population, while maternal mortality was on average 6.26 per 1000 live births. In the
stock model sample, using completed gross fertility, the average woman was exposed to sulfa for
14.9 years, 19% of women were childless at the end of their reproductive years, average total fertility
was 2.6 (unconditional on at least one birth) and 3.2 conditional on at least one. In the childbearing
net fertility sample, the same figures are 20 years, 36% childless, 1.7 births unconditional, and 2.6
conditional on at least one. The mean age at first birth in the stock sample was 24.1, and 26.7 at
second birth.

5 Results

5.1 Hazard Model: Birth Timing

Main Results

Estimates of the hazard model show that the conditional probability of birth in a given year
declined with sulfa-led reductions in pneumonia mortality but tended to increase with reductions
in maternal mortality (Table 4).3° These results are consistent with standard quantity-quality
theory: the decline in pneumonia mortality and morbidity generated sharp improvements in the
child health endowment and in child survival, both of which will have motivated reductions in
fertility.3! The drop in maternal mortality will have made birth less costly for women and hence
more attractive, other things equal. The coefficient on pneumonia mortality is robust to the series
of controls that are added as we move from left to right in the table. The coefficient on maternal
mortality is statistically significant with basic controls and census region-year fixed effects, but is
sensitive to the inclusion of controls for state-year variables. Columns (4) and (5) in the same table
show the estimated effects of sulfa introduction on the extensive and intensive margins of fertility
respectively; the signs are consistent with the average effect on all birth orders.

An interquartile shift in pneumonia mortality (-0.26) implies a 0.6 percentage point reduction
in the annual probability of birth, which relative to the annual mean of 8.6% before 1937 is a
reduction of 6.9%. The estimates in column (4) imply a 0.3 percentage point reduction in the
annual probability of transitioning to motherhood after 1937, which is 5.9% of the pre-intervention
mean of 5.1%. For a woman exposed to sulfa drugs for ten years of her fertile period, this is a 3
percentage point increase in the probability of being childless. The reduction in birth probability

in response to pneumonia mortality decline implies an increase in the time to first birth, or fertility

30Columns (1)-(3) in Table 4 pool a woman’s births, and in so doing assumes independence across recurrent events.
Any concern over this assumption is alleviated by the fact that standard errors are clustered at the state level.
Further, the separation of the extensive and intensive margins in Columns (4) and (5) is robust to this concern, as
the extensive margin in particular only has one event (the first birth).

31The increase in the child survival rate will have also caused a decline in the per-child price of quantity; however,
the overall decline in fertility in response to child mortality decline suggests that the decline in the price of quality
dominated, causing a reduction in desired fertility (see also the model in Section 6).
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delay. In the same table, column (5) presents estimates of a survival model for higher order births,
which captures fertility timing on the intensive margin. The same interquartile shift implies a 0.25
percentage point reduction in the probability of transitioning to a higher order birth after 1937,
or 1.7% relative to a pre-intervention mean of 14.9%. Thus, the decline in pneumonia mortality
encouraged fertility delay particularly on the extensive margin.??> We find no statistically significant
impact of the reduction in maternal mortality on birth probability on the extensive or intensive
margins.

In Online Appendix D, we show that when either pneumonia or maternal mortality are not
included in the regressions, the coefficients on the included treatment variable are attenuated,
showing the importance of not ignoring one source of mortality when considering the other.

Heterogeneity in Birth Timing by Race and Education

We explore heterogeneity of these effects by race and education in Online Appendix C. We
find no statistically significant difference in fertility delay in the survival model between the college
educated and high school dropouts (Table 16). We find stronger impacts for blacks than for whites,
which can be explained by blacks being exposed to higher mortality rates (typically twice as high)
before the introduction of sulfa drugs and thus experiencing larger declines in mortality rates (see
Bhalotra and Venkataramani 2012).

Event Study

We estimated an event study specification for probability of birth similar to column (3) of Table
4 with the difference that rather than interact exposures to pneumonia and maternal mortality with
the indicator for post-1937, we interact them with every year in the sample period (1930-1943).
The resulting coefficients are plotted in Figures 8 and 9. The figures show a clear jump in the
coefficient in 1937, especially for pneumonia. This exercise is challenged by statistical power and
not all coefficients are statistically significant, but the plot suggests a discrete change. These plots
also provide a test of the identifying assumption that pre-trends in birth outcomes in states with
high versus low pre-intervention disease burdens were not different. In both plots, the coefficients
show no trend before 1937. The figures particularly negate the existence of underlying trends in
income or economic conditions that could be driving our findings, as convergence in these economic
conditions was more gradual, while we find sharp changes in birth probability after 1937. We
conduct further checks on pre-trends in Section 5.3 below.

Overall, our findings show that women delayed childbearing in response to improvements in
child survival and child health.

5.2 Stock Model

The hazard model describes how the flow of births changed in response to the introduction of

sulfa drugs. To assess whether the response was only an intertemporal substitution or whether

32Gtandardizing the logistic coefficients by the variance in the outcome variable yields coefficients that are directly
comparable across samples, and shows that the negative effect of the reduction in pneumonia mortality on the
extensive margin birth probability in column (4) is similar to the effect on the overall birth probability in column

(3), and both are approximately three times the size as the effect on the intensive margin in column (5).
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there was a change in total fertility, we estimate the effect of the intervention on the stock of
births. While this is best described by completed fertility, for reasons discussed above, we start by
“bridging” estimates of fertility measured as a birth stock for women who are still childbearing.
These estimates capture a combination of fertility delay and changes in fertility targets. We then

report results for women who have completed childbearing.

5.2.1 Net Fertility Among Women of Childbearing Age

Net fertility is measured the same way as in the hazard model (using information on children living
with the mother). We select women aged 18-40 at the time of the census and aged 5-44 in 1937
from the 1940-1970 censuses.

The estimates indicate that the reduction in pneumonia mortality had a significant, negative
effect on the total net fertility of women that is robust to inclusion of additional controls (Table 5).
The evidence suggests that the reduction in maternal mortality led women to have more children,
but this coefficient is unstable in size and significance.

Using the same controls as in column (3) in Table 5, the richest specification, we provide
estimates for the intensive and extensive margins separately in columns (4) and (5). In response
to pneumonia mortality decline, women had fewer children on both margins. They were more
likely to remain childless and, conditional on having at least one child, women had fewer children
overall. The intensive margin response to the decline in child mortality suggests that, interpreted
in light of the quantity-quality tradeoff, there was a reduction in the price of child quality that
dominated any reduction in the price of child quantity. Reductions in maternal mortality reduced
the likelihood that women were childless. For an interquartile shift in pneumonia mortality (-0.26),
there were 0.013 fewer births for the average woman for every additional year of sulfa; the average
number of years of sulfa in this sample is 20, so that the average woman had 0.25 fewer births
overall, which is 15% of baseline. Conditional upon having at least one birth, women had 0.18
fewer births for mean levels of exposure (which is 7% of the conditional mean, which was 2.6).
A similar calculation for childlessness implies a 0.23 percentage point increase in the probability
of childlessness for an additional year of sulfa exposure, and a 4.6 percentage point increase in
the probability of childlessness for the mean duration of exposure (13% of the baseline rate of
childlessness, which was 36%).

For an interquartile shift in maternal mortality (-1.84), the average woman had 0.12 more
births overall, 0.03 more births on the intensive margin and a 3.3 percentage point reduction in
the probability of being childless (the latter being 9% of the baseline mean). The impact on total
fertility is somewhat smaller than that estimated in Albanesi and Olivetti (2014), who find that a
decline in maternal mortality of 1 death per 1000 live births (roughly half of the 1.84 drop we use)
is associated with a rise in completed fertility of 0.27 children per married woman (roughly double
that of the 0.12 increase that we estimate).

Heterogeneity in Impacts by Race and Education

Fertility responses to pneumonia mortality are statistically significant for white and black women
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and the coefficients are not significantly different from each other (Table 17 in Online Appendix C).
Responses to maternal mortality are significantly larger for black women, for whom we see both
intensive and extensive margin increases in fertility. For white women, we see only an extensive
margin increase, and of a smaller magnitude. Indeed, blacks were exposed to higher maternal
mortality rates pre-sulfa, and may have benefited more (in terms of reduced maternal mortality)
from sulfa drugs in combination with medical intervention in childbirth, than whites (Thomasson
and Treber 2008).

Turning to education gradients in impacts of the sulfa innovation, the total fertility response
to pneumonia decline for women with college is not significantly different from the response for
women who dropped out of high school. However, the intensive margin decline in fertility is larger
for women with some college, and the extensive margin decline (the increase in childlessness) is
larger, and in fact only statistically significant, for high school dropouts (Table 18). The latter result
is consistent with the predictions in Baudin, de la Croix, and Gobbi (2017), where a decline in infant
mortality reduces the attractiveness of low educated women on the marriage market because their
expected fertility conditional on marriage increases, which results in increasing childlessness in this
group. However, when we estimate impacts of the sulfa revolution on marital status in Section 6
below, we are unable to identify a difference in marriage responses by the education level of the
woman, suggesting that the mechanism driving this relationship in our study is different.

Impacts on the Distribution of Fertility

When the probability of childlessness changes, this will by definition change intensive margin
fertility. For instance, if women who would otherwise have had one child switch to having zero,
then an increase in childlessness will be mirrored in a decrease in the share of women with one
child. So as to estimate changes in the distribution of fertility, we define indicator variables for the
number of children a woman had: 0, 1, 2, 3 and 4+. Figures 10 and 11 plot the coefficients on
the pneumonia and maternal mortality exposure terms from these five separate regressions. The
pattern of results indicates a leftward shift of the fertility distribution in response to reductions
in pneumonia mortality, with statistically significant responses at the two ends of the distribution:
women were more likely to be childless and less likely to have three, four or more children. There
was no significant change in the share of women with either one or two children. In contrast, the
reduction in maternal mortality resulted in a rightward shift of the fertility distribution. Although
only the coefficient on childlessness is statistically significant, the other coefficients indicate that
families of zero or one children became less common, while families of two or more became more

CcominorIn.

5.2.2 Completed Net Fertility

Retaining the net fertility measure, we re-estimate the model on a sample of women who had
completed their fertility at the time of census enumeration. The purpose of doing this is to identify
impacts on the overall number of children at the end of women’s reproductive careers, purging any

effects of delay. We select women aged 40-50 at census, imposing an upper age limit to minimise any
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bias due to the omission of children who have left home.?3 Table 6 shows these results, where the
estimated coefficients are smaller than those for the younger sample, but still statistically significant.
Assuming that the coefficients now capture changes in fertility targets only, a comparison of these
estimates with those for childbearing women suggests that two thirds of the estimated impact of
pneumonia mortality on childlessness in the young sample was due to delay, and one third due
to an actual rise in childlessness, which we estimate as 1.4 percentage points for an interquartile
shift in pneumonia mortality. Similarly, the completed fertility estimates indicate that women
had 0.11 fewer children on average in response to the reduction in pneumonia mortality, which is
also approximately one third of the corresponding 0.25 fewer children that we estimated using the

childbearing sample.

5.2.3 Completed Gross Fertility

We estimate the impact of sulfa exposure on gross fertility, using a different variable in the cen-
sus that asks women to report the total number of live births. This measure is not sensitive to
the potential underestimation of net fertility from children who have moved out. We report the
estimated effect on completed gross fertility: the estimated effect of mortality reductions (Table
7) is very similar to the estimates for completed net fertility (Table 6), bolstering confidence in
the results. An interquartile shift in pneumonia mortality (0.26), evaluated at the mean number
of sulfa years in this sample (14.9), led to 0.08 fewer total births for the average woman, which is
3% of the baseline mean, and a 0.8 percentage point increase in the probability of being childless,
which is 4.3% of the baseline mean. The coefficients for maternal mortality are similar to those for
completed net fertility but are imprecisely determined.

Heterogeneity of Impacts by Race and Education

Gross fertility is responsive to pneumonia mortality decline in both education groups (Table 18).
For total, intensive and extensive margin fertility, the coefficients are larger for high school dropouts

4 Although the average

but not significantly different to those for women with some college.?
impact of maternal mortality is imprecisely estimated, maternal mortality decline had a statistically
significant negative effect on childlessness among the college educated. This is consistent with
women with college having a higher opportunity cost of childbearing (Baudin, de la Croix, and
Gobbi 2015), and similar to the estimates in Albanesi and Olivetti (2014), who also find that a

decline in maternal mortality only impacted childlessness among the college educated.

5.2.4 Discussion

Overall, we find that women delayed childbearing and reduced fertility in response to the decline

in child mortality, with an increase in the share of childless women and a decrease in the share of

33We will underestimate fertility because among this older sample of women, children will be older and some will
have left home. These effects are lower bounds.

34The increase in childlessness is only significant for high school dropouts, but the coefficient for college women is
almost identical.
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women with three or more children. Thus, there was a change in timing as well as a change in the
desired number of children. The main results are similar irrespective of whether we use net or gross
fertility, and are not sensitive to the age of the woman at the date at which fertility is assessed
(also see the robustness checks on age at census enumeration in Online Appendix D).

Taking stock, consider first responses to maternal mortality decline. In general, the evidence
is of increases in fertility at both the extensive and intensive margins, consistent with maternal
mortality decline lowering the cost of birth. Although the responses are statistically significant
at both margins in certain population groups, the average coefficient is only significant for the
extensive margin and when we consider the net fertility measure. Pneumonia mortality decline
had opposing effects, leading to lower fertility on both margins. The decline in intensive margin
fertility when we use the gross measure may in part be mechanical, as gross fertility is increasing in
the survival rate of children. However, the intensive margin response when we use the net fertility
measure is necessarily behavioral, reflecting a quantity-quality tradeoff response to reduced child
morbidity, or replacement or hoarding responses to reduced child mortality.

As discussed in the Introduction, the increase in childlessness in response to pneumonia mor-
tality decline is more challenging to explain given the prior that when children become healthier,
women should be more likely to have at least one child. We shall argue that fertility timing is
key. Child mortality decline allowed women to delay fertility, and some of those who incurred
delay ended up childless even if this was not their initial intention. Indeed, the lifecycle behavior
of the cohorts of women in the samples we analyse has been described by Goldin (2004) as "job
then family". Interestingly, this mechanism of delay and possibly unintended childlessness has
been described to in women born in a more recent set of birth cohorts, namely those born between
1966-1979, who deferred marriage and fertility to pursue their careers, leading to increased child-
lessness (Goldin 2004). In addition, a survey of women entering college in 1976 indicates that while
most accurately predicted their future working lives, many mis-forecasted their fertility, with 82%
expecting to have children by age 37, and only 69% doing so (Goldin 2006). Thus, it is plausible
that such behavior marked the sulfa cohorts that we analyse.

The mechanism is similar to that driving impacts of the birth control pill on women’s choices,
namely as an improved technology for fertility control, allowing women to delay fertility and pur-
sue their careers. A reduction in child mortality acts similarly, reducing the uncertainty around
achieving fertility targets, and hence reducing the number of years dedicated to childbearing. This
enables women to initiate fertility later, other things equal. However, women who delay fertility
and enter the labor market are potentially exposed to shocks that may eventually result in child-
lessness. In fact, the birth control pill increased fertility delay and labor force participation but
did not have an impact on completed fertility (Bailey 2006, Ananat and Hungerman 2012). We
estimate that the reduction in child mortality both increased fertility delay and had an impact on
lifetime fertility. A potential explanation for this is that women in the sulfa era (who were born
much earlier than women of the pill era) had to choose between family and career. It was typical

for women to leave their jobs when they became pregnant with their first child (Goldin 2004). In
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contrast, a non-negligible proportion (13-18%) of women who grew up during the spread of the
birth control pill achieved what Goldin terms as "career and family" by age forty. We model these

ideas and test their predictions for labor force participation and marriage in Section 6 below.

5.3 Robustness checks

We have already noted that the estimates for pneumonia mortality decline are robust to the inclusion
of fixed effects for the age and birth state of the mother, maternal education and race, state
and year varying macroeconomic factors, communicable and non-communicable diseases that were
not treatable with sulfa drugs, and census division-year fixed effects. The estimates for maternal
mortality decline are more sensitive to specification but are consistently positive, and we estimate a
significant positive coefficient on the extensive margin response. The pattern of results is consistent
across the hazard and stock models, is similar irrespective of whether we use net or gross measures of
fertility, and is not sensitive to changing the precise cohorts of women included in the sample. This
stability strengthens confidence in the results. In this Section, we discuss additional specification
and data checks. The tables showing these estimates are found in Online Appendix D, which
also shows and discusses robustness to further checks, including alternative sample definitions,
adjustment of standard errors for multiple hypothesis testing, and exclusion of outlier states.

Confounding Factors

Inference with our research strategy relies on getting the timing of the introduction of antibiotics
right. For this we rely on documentary evidence that the advent of sulfa drugs was publicized,
for example in a New York Times article in December 1936 ("Conquering Streptococci"), and
that historians have documented widespread uptake in 1937 (Lesch 2007). The event study plots
discussed earlier are consistent with this, as they show a fairly flat profile of coefficients up until 1937,
after which there is a dip associated with pneumonia decline and a jump associated with maternal
mortality decline. Still, we may be concerned that these changes were driven by a coincident event
rather than by the arrival of sulfa drugs. We therefore investigate the robustness of our findings
to accounting for events that occurred around the time of the sulfa intervention: the New Deal
program, the Second World War, and the Dust Bowl. The New Deal was a government-funded
program of spending and loans that aimed to tackle the effects of the Great Depression. We accessed
data on state-year variation in New Deal spending as a proxy for both the severity of the Great
Depression and the subsequent inflow of funds (Fishback, Kantor, and Wallis 2003). We include
this variable as a control, interacted with the post-1937 dummy in the hazard model and with
years of exposure to sulfa in the stock model (Table 23 and Panel A, Table 24, respectively). The
coeflicients of interest are robust to this.

The United States entered the Second World War in December 1941, following which there was
initially a sharp drop in fertility and then a substantial increase in birth rates in the post-war period
(the Baby Boom). To account for state-level differences in the dynamics of fertility in this period,
we control for state-level troop deployment, obtained from Goldin and Olivetti (2013), interacted

with individual-level exposure to WW2, measured as the number of fertile years of the woman from
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1942 onwards. In the hazard model, we restrict the sample to births occurring before 1942. Our
substantive findings remain robust (Table 23 and Panel B, Table 24).

We also estimate our models excluding states most affected by the Dust Bowl (Nebraska, Kansas,
Colorado, New Mexico, Oklahoma and Texas).?® The results are, if anything, strengthened by the
omission of the Dust Bowl states (Table 23 and Panel C, Table 24).

Sulfa drugs were available without prescription until 1939. Our findings are similar when we
exclude all births after prescription was introduced (Table 39 in Online Appendix D).

Omitted Trends

A common concern with the statistical approach we adopt is that there may be omitted trends
that drive the findings. In the case of the sulfa innovation, the concern would be that the outcome
(birth) may have diverged between high and low disease burden states after 1937 for reasons
unrelated to sulfa drugs. One contender is mean reversion, which we account for by controlling
for the state-level average value of the outcome variable, calculated over 1900-1930 censuses and
interacted with sulfa years in the stock model, and calculated for the years 1930-1936 and interacted
with the post-1937 dummy in the hazard model. Table 23 and Panel D, Table 24 show that the
estimated coefficients are similar to the main results. We also estimate a specification with a
"placebo" intervention using the stock model. In particular, we assume that the invention of
antibiotics happened forty years previous to the actual year (1897), so that no woman in the new
sample that we create was directly treated by the real sulfa innovation during her fertile period.
We then estimate the equations for fertility outcomes using the usual specification, with the fake
intervention year (this is a similar approach to the "placebo" check in Aaronson, Lange, and
Mazumder 2014). The results in Panel E of Table 25 show that the coefficients on pneumonia and
the maternal mortality rate are small and insignificant.

Using the hazard sample, we estimate whether there were pre-trends in birth outcomes by
regressing the probability of birth in the pre-sulfa era, 1930-1936, on a linear time trend interacted
with a dummy variable equal to one for states with above median mortality, and zero otherwise.
The results, in Table 27, show no evidence of differential pre-trends.3°

In the hazard model, identification is relatively clean because the flow of births is analysed
with reference to the discrete event of the introduction of sulfa drugs. However, in the stock
model, individual years of exposure evolve linearly within a woman and there is more scope for
interference by omitted trends in cohort of birth. To investigate this, we redefine the treatment
variables in the stock model to be binary, comparing the fully treated with the untreated, and
omitting partially treated women from the sample. The binary treatment variable is interacted with
the pre-intervention mortality rates. The results are consistent with the main findings (Table 26),
particularly when considering net fertility. When we use the gross measure instead, the coefficients

are of the expected signs but are not precisely determined.

35The Dust Bowl was a period of drought and severe dust storms during the 1930s that damaged agriculture in
several southern U.S. states and resulted in large out-migration from those states.

30In the hazard specification, Figures 8 and 9 showed a trend break in the probability of birth in 1937 and not
elsewhere, which is similar to a "placebo" check.
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Under-Reporting and Measurement Error

For reasons detailed in Section 4, we use the all-age pneumonia and influenza mortality rate in
place of child pneumonia mortality. To assess the sensitivity of our estimates to this choice, we used
the under-5 mortality rate from pneumonia and influenza instead. The results are in Table 23 and
Panel F, Table 25, and they indicate that the main results are similar although the coefficients are
reduced in magnitude, suggesting attenuation bias. Consistent with this, the coefficients increase
in magnitude and precision when we estimate a 2SLS regression where the under-5 mortality rate
is instrumented with the all-age rate used in the main estimates (Table 23 and Panel G, Table 25).

Survivorship Bias

We face the common problem that we only observe survivors; mothers who died as a result of
childbirth are not observed in census enumerations, and we do not observe children who die in both
measures of fertility. With regard to maternal mortality, it seems plausible to assume that these
were high risk women who, on average, had higher fertility, and that they were concentrated in
states with higher pre-intervention levels of maternal mortality (which we have seen are the states
that showed larger increases in fertility after 1937 in response to maternal mortality decline). It
follows that when these women are selected out of the fertility sample, we will tend to overestimate
the increase in fertility that flows from the drop in maternal mortality.?” This bias is mitigated
by our controls for observable individual indicators of risk such as the age and education of the
woman. For a sense of the extent of selection, see the mortality rate statistics in Table 1.

Now consider biases associated with child mortality. When child mortality is high, the gross
measure of fertility (children ever born to a woman) will overestimate surviving births. The net
measure only counts children living with the mother, so it partially addresses this problem, but not
entirely as children alive at the census date may subsequently die. The extent of overestimation
will be correlated with pneumonia mortality, our treatment variable. To check the sensitivity of our
estimates to child survival, we exploit the fact that pneumonia mortality rates decline exponentially
from birth to age five, after which they flatten out. We re-defined the net measure of fertility to
include only children aged at least five (see Panel H of Table 25). The impact of mortality decline
on net fertility with children surviving to at least five is similar to the impact on net fertility overall.

Migration

If individuals migrated in response to disease, then the introduction of sulfa, which led to
convergence in disease burdens across states, will have influenced migration patterns. In this case,
we need to be sure that our findings do not reflect compositional changes. To investigate this, we
modelled migration as a function of post-sulfa declines in pneumonia and maternal mortality. First,
we defined an indicator for migrants as individuals for whom the birth state is different from the
census enumeration state; second, we defined an indicator for migration between 1935 and 1940

using the 1940 census, which records this information. The estimates in Table 28 show no evidence

3TThe positive correlation between fertility and maternal mortality implies that, pre-sulfa, high fertility women
were more likely to die. Thus, observed fertility pre-sulfa for high mortality states is underestimated and the rise in
fertility that we attribute to a reduction in maternal mortality may be partly due to high fertility women being more
likely to survive post-sulfa.
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that sulfa-induced changes in mortality rates influenced migration.

6 Fertility, the Labor Market and the Marriage Market

6.1 Fertility Control

The ability to control fertility is a necessary precondition for altering fertility timing. The early
20th century in the U.S. featured the birth control movement, led by political radicals Emma
Goldman, Mary Dennett and Margaret Sanger, who argued for the need for birth control among
low income women who were burdened by more children than they desired.® There is considerable
evidence that women born in the early 20th century were able and willing to practise fertility control
(Morgan 1991). Before the arrival of the birth control pill in the 1960s, couples used diaphragms,
latex condoms, vaginal suppositories, withdrawal and douching techniques (Engelman 2011), with
the invention of the diaphragm in 1882 being particularly crucial to the advent of effective fertility
control by women.?? In fact, our results imply fertility control. If we had only observed an increase
in childlessness in response to pneumonia mortality decline, this could be attributed to changes
in fecundity or marriage rates (as in Baudin, de la Croix, and Gobbi 2017), but we additionally
observe a reduction in higher parity births, which is evidence of fertility control.

In 1936, a year before the introduction of sulfa drugs, Popenoe (1936) conducted a survey among
students at the University of Southern California asking them to describe the history of all instances
of permanently childless couples that they knew. Based on these histories, he categorised reasons for
childlessness; see Table 8. Although not a representative survey, it gives some indication of possible

40 In particular, after "self-

reasons for childlessness during the 1930s among married women.
centred", the most common responses were "wife’s career" and "economic pressure", suggesting
that fertility and labor market choices were linked. Several women were reported to prefer working
in order to keep their "freedom" (p.470).

We shall argue that the decision to delay fertility and enter (or remain in) the labor market
can explain our somewhat unexpected finding that childlessness increases with reductions in child
mortality. In the next Section, we outline a dynamic model of fertility and labor market choices

that shows the assumptions under which reductions in child mortality can lead to childlessness.

38Ganger was particularly active and opened the first birth control clinic in 1916, which was shut down, followed by
the second birth control clinic in 1923, which was not shut down. These birth clinics were the precursor to Planned
Parenthood. She is considered the founder of the modern birth control movement.

39The relationship between fertility control and career choices has been discussed in sociology, for example see Wilkie
(1981), Hayford (2013), Lundquist, Budig, Curtis, and Teachman (2009), Bloom and Trussell (1984). In particular,
see Murray and Lagger (2001), who analyses this in the context of the United States demographic transition in the
19th century.

40Popenoe oversampled wealthier and more educated women, as these were more likely to be known to the students
of the university.
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6.2 A Model of Fertility and Labor Market Choices
6.2.1 The quality-quantity model

We begin by considering the canonical quality-quantity model of fertility, following Becker and
Lewis (1973) and Galor (2012). A woman derives utility U(c,n, e) from consuming ¢ and having n

children with quality e. To simplify the exposition, we assume that utility is quasilinear, with
U(e,n,e) =u(n,e) +c,
where 1(0,e) = 0.*! Her budget constraint is
n(t? + 1) +c < I, (3)

where I denotes her lifetime income, 79 is the price of quantity, and 7¢ is the per-child price of

quality. The maximized value of having at least one child is

Jmax, U(e,n,e) subject to (3).
Aaronson, Lange, and Mazumder (2014) point out that this is a decreasing function of prices
7 = (79,7¢). Meanwhile, the value of being childless is simply U(I,0,0) and therefore independent
of prices. A corollary of these observations is that, other things equal, the number of women who
choose to remain childless is increasing in the prices of child quantity and quality, since higher
prices make childbearing less attractive.

The introduction of sulfa drugs reduced both the mortality and morbidity of children. In terms
of the current framework, it seems likely that this change lowered the cost of child quality (and
quantity). Therefore, the quality-quantity model does not yield unambiguous predictions of changes
in fertility on the intensive margin. However, our empirical results indicate that fertility on the
intensive margin declined in response to reductions in child mortality, suggesting that the reduction
in the price of child quality dominated the reduction in the price of child quantity.

The model also predicts that the introduction of sulfa drugs would lead to decreased childlessness
(if reduced mortality and morbidity lower the prices 7 of quality or quantity). In addition to price
effects, a decrease in child mortality reduces the probability that a woman decides to have children
(n > 0) but ends up childless due to the death of her child. This mechanical effect, too, leads to
decreased childlessness in response to exposure to sulfa drugs.

Our results indicate, by contrast, that childlessness increased in response to the introduction

of sulfa drugs. This finding does not necessarily constitute a contradiction of Aaronson et al.’s

1 The effect of assuming quasilinear utility is to remove an income effect where a rise in income increases the
demand for both quality and quantity, generating a positive relationship between income and the number of children.
Becker and Lewis (1973) argue that the income elasticity of quality is much higher than the income elasticity of
quantity, such that these income effects do not arise in practise. This means that we also do not have the effect in
Baudin, de la Croix, and Gobbi (2015), where an increase in education (income) moves a woman down the U-shape,
away from childlessness caused by poverty.
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empirical findings, or of the quality-quantity trade-off. Rather, it suggests an offsetting effect of
sulfa drugs, which encouraged childlessness and dominated the effects of reduced prices and the

mechanical effects of higher survival rates.

6.2.2 Dynamic fertility choices

We now consider a dynamic model of fertility choices, which gives rise to offsetting effects in response
to a decrease in child mortality. We consider a woman whose preferences and budget constraint
are identical to the quality-quantity model above, but whose decisions about her income-earning
activity and fertility evolve over time.

The woman is fertile at dates ¢ = 1,...,7. Each period she has one chance to get pregnant.
Pregnancy leads to a surviving child with probability 1 — A\, where A is child mortality. The woman
can work up to the date ¢y of her first pregnancy, consistent with the "job then family" lifecycle
pattern of cohorts exposed to sulfa drugs (Goldin 2004). If she never gets pregnant, she can work up
to T.*2 Her initial wages are y. Each period she has the potential to get promoted with probability
p, and in this event her wages rise from y to Y > y. She can only be promoted once. This
mechanism captures a positive labor market shock, which can eventually result in childlessness
if a woman decides not to get pregnant after a favorable labor market outcome. Fertility delay
motivated by potential benefit from returns on the labor market is similarly a feature of the model
in Goldin and Katz (2002), where the birth control pill serves as an effective technology for women
to delay fertility and marriage and invest in their human capital.

The woman’s lifetime income is
to—1

1= Z gta
t=1

where g; € {y, Y} denotes the realized wage each period.
At time T, when fertility is completed and the number n of children is known, the woman

chooses the quality e of her children and her consumption ¢, to solve the problem

max U(c, n, e) subject to (3).

c,e

Let e*(n;7) be the optimal choice of quality when the woman has had n children and prices are
7 = (7%,77). Substituting the binding budget constraint yields the woman’s maximized utility,

conditional on having n children, as
to
Z g+ V(n; 1),
t=1
where
V(n;7) =u(n,e(n;7)) —n(r? 4 7%€*(n; 7))

is the indirect utility from having n children when prices are 7. By a parallel argument to Aaronson,

12T save notation, we do not allow women to work after their fertile period, but this assumption does not affect
our qualitative results.
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Lange, and Mazumder (2014), we can show that the value V' (n; 7) of having n > 1 children is strictly
decreasing in the prices of quantity and quality.

In line with our argument above, the (negative) effect of sulfa drugs on prices is, on its own,
unable to explain the increase in childlessness that we identify. Moreover, holding constant the
timing of pregnancy tg, it is clear that a decrease in child mortality (an increase in A) mechani-
cally increases the number of successful pregnancies, and therefore reduces the number of childless
women.

To understand the added effect of endogenous fertility timing, we consider the simplest case
where the woman is fertile for T'= 2 periods. We focus on the extensive margin by assuming that
u(1l,e) > u(n,e) for all n > 1. Under this condition, it is optimal to have at most one child. We
write V(1) = V(1,7) for simplicity. We further normalize the pre-promotion wage to y = 0.

To solve the model, it is useful to separate three parametric cases. First, if V(1) < 0, it is
never optimal to get pregnant, and the woman remains childless by definition. Second, if ¥ <
(1 —=X)V(7), it is never optimal to enter the labor market, because even promotion cannot lead to
an outcome that dominates getting pregnant. The interesting case is the intermediate region with
0<V(r)<Y/(1—=M).

6.2.3 The trade-off between early and late pregnancy

We focus on the intermediate parametric region. It is optimal to remain in the labor market, and
thus to remain childless, if the woman gets promoted at ¢ = 2. The key trade-off is between (i)
getting pregnant at t = 1 and (ii) entering the labor market for one period and waiting until ¢ = 2
to attempt childbearing if promotion does not occur.

Getting pregnant at date t = 1 gives utility

V() x Pr[one surviving child|t = 1] = V() x [1 — A?]
=V(r) (1 =N (1+N).
This is because the woman earns no wages in this case, and the probability of having one successful

pregnancy out of two attempts is 1 — 2.

Waiting until ¢ = 2 gives expected utility
pY + (1 — p)V(7) x Pr[one surviving child|t = 2] = pY + (1 — p)V(7)(1 — A).

This is because the woman gets promoted, and optimally remains childless, with probability p, and
the probability of having one successful pregnancy now falls to 1 — A if she does not get promoted
(and gets pregnant at t = 2).

It pays to delay pregnancy and enter the labour market at ¢ = 1, instead of getting pregnant
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early, if and only if the net value of waiting, N (7, ), is greater than zero, where

N(T,\) =pY — (1 =N (p+ NV (7)

=plY —=V(r)(1—-X)] — V(T)A(1 = N).
|y
option value of delay insurance value of early pregnancy

The option value of delay measures the expected utility gain from getting promoted. It is increasing
in A: the option of working for high wages is more valuable, relative to attempting a pregnancy,
if child mortality is high. The insurance value of early pregnancy measures the expected utility
gain from having a second chance: with probability A, the first pregnancy does not survive, but
the second survives with probability 1 — A. The second chance thus adds value V' with probability
A(1—=X). The insurance value is a hump-shaped function of A with its peak at A = 1/2. Intuitively,
when A ~ 0, the first pregnancy almost never fails, so the insurance value is low. When A ~ 1,
both pregnancies almost always fail, so again the insurance value is low. The insurance value is
therefore highest for intermediate levels of .

Similar intuition applies if we consider other sources of new information that can lead to per-
sistence of the childless state, conditional on fertility delay. We sketch the intuition here. First,
consider learning about the future benefits of work (Fernandez 2013). In our framework, a simple
way to model this is to suppose that with a certain probability, the woman learns at the end of the
first period that her utility from work in the second period will be higher than her current utility
(if this does not happen, then her utility from work in the second period stays the same). This is
similar to the effect of job promotion, because the crucial factor that affects a woman’s decision to
delay childbearing is the relative (expected) utility from work compared to the (expected) utility
from childbearing immediately. The learning effect will encourage delay, and especially so when the
probability of learning is high, because a woman’s utility from delay is increasing in her expected
utility from work in the second period.

Second, consider a change in fertility preferences. Suppose that with probability ¢, V falls to
v < V in the second period, and v < 0, so that a woman never wishes to have a child if her
fertility preferences fall. This has the same implications as a rise in income from y to Y, with delay
leading to more childless women because some of them experience a reduction in the utility from
childbearing relative to the utility from working. Third, we can model fecundity similarly to child
mortality, as a success rate of pregnancy. However, the important difference to child mortality is
that the success rate declines in the second period because the woman is older, either for everyone
or only for some women. Let us assume that fecundity declines deterministically for all women,
and the probability of a pregnancy failing due to reduced fecundity is #. Then, the probability
of a successful pregnancy in the first period is (1 — A) while the same probability in the second
period is (1 —A)(1 —6). This means that any woman who delays has a higher probability of a failed
pregnancy in the second period, relative to the first period. This raises the proportion of childless
women among those women who delay.

We have restricted the analysis to the extensive margin response. We pointed out in Section
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6.2.1 that on the intensive margin, reductions in the price of child quality that dominate reductions
in the price of child quantity will reduce the desired number of children, n*. Allowing for an intensive
margin choice in the model would mean that such a reduction would be an additional reason to
delay, as lowering n* reduces the insurance value of early pregnancy (fewer successful pregnancies
are needed to achieve the target number of children). In the empirical results, we showed that
reductions in child mortality led to reduced fertility on the intensive margin, suggesting that women
reduced their fertility targets; therefore, this effect may have also contributed to increased fertility

delay in response to lower child mortality.

6.2.4 Population effects of decreased child mortality

Suppose there is a population of women i € [0, 1], distributed according to a probability measure
p, who differ in their potential income Y and their utility V*(7) of having a child. Both Y* and
V(1) are measurable functions of i. For simplicity, we assume that the probability p of promotion
is constant across the population.

The fraction of women who never wish to get pregnant is

= [ du

:Vi(1)<0

Note that this proportion does not directly depend on the child survival rate A, because the value
V(1) of having one surviving child is fully determined by the prices 7 of child quality and quantity.

From the previous subsection, it is clear that woman i delays pregnancy if and only if N*(7, \) =
pY" — (1 —X)(p+ \)V(r) > 0. The fraction of women for whom this is the case is equal to

SO 7) = / du

:N#(1)>0

This proportion does depend on )\, because the probability of child survival affects the trade-off
between early and late pregnancy.

For women who delay pregnancy until ¢ = 2, the probability of having one child is (1—p)(1—M\).
For women who get pregnant at t = 1, the probability of having one child is 1 — A%, Integrating

over the population, the proportion of women who have one child is therefore

CAT)=0(A7)1=p)(1=X) 4+ (1= 6(A,7) —n())(1 =A%)
=1-M=5A\T)A =N+ —nr)(1-N).

The baseline probability of having a child if not delaying is 1 — A2, and this is reduced in proportion
to d(A, 7) by the women who delay, and in proportion to n(7) by the women who never get pregnant.
We now consider the impact of a shock, designed to represent the introduction of sulfa drugs,

which decreases child mortality (lowers \), and potentially decreases the prices 7 of child quality and
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(

quantity. The total population effect of this shock on fertility is —%ﬁ\"ﬂ. This can be decomposed

into the direct effect of A and the indirect effect through prices 7:

_dC(\T) aC(A,TuaC(AJ)( d7>‘

d\x O\ or T d\

The price effect (the second term) is always positive. To see this, note that

oCNT) _ <_85(W> (L=Np+X)+ (—ag(T)> (1-2%.

or T T

Since a fall in prices increases the value Of getting pregnant, and decreases the net value of delay,
860 7 <0 and — ( ) < 0. Tt follows that aC()‘ 7)
the prices of quality and quantlty are non-increasing in response to decreased mortality (we expect

that they decreased), we have —%% < 0 and

(g

it is easy to see that — < 0. Then, as long as

Thus, the price effect leads to higher fertility and fewer childless women. This formalizes our earlier
intuition that, in line with Aaronson, Lange, and Mazumder (2014), price effects in response to
sulfa drugs are unlikely to explain the increased childlessness that we find in the data.
The direct effect of decreased mortality on fertility can be further decomposed as
oC(\, T dS(\, T
SO (= 50 ) + (= S 7) = (1= N+ ) [ - D).

~
mechanical effect

behavioral effect

The mechanical effect is positive. As discussed above, more pregnancies are successful, so there are
more children. However, the behavioral effect can be negative, and offset the mechanical and price

d5()\ T)

effects, if more women delay in response to the change, that is if — > 0. It is easy to see that

this effect has the same sign as the effect on the marginal woman’s 1ncent1ves.

_d(;()\,T) sign dN(AaT)Z

= - =V'(1-2\—p).
X P P)
Then the behavioral effect is negative if and only if
1
A< — L (4)

2

Under this condition, it is possible for the behavioral effect to offset the mechanical and price effects,
and if the behavioral effect is large enough, we will see more childless women when child mortality
declines. The condition says that a decrease in child mortality (e.g. via sulfa drugs) encourages
delay if child mortality A < % and the probability p of getting promoted is also low enough. How

can we interpret this? Suppose that A falls. Recall that the insurance value of early pregnancy,
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V(T)A(1 — \), is a hump-shaped function of A with a maximum at A = 1. If X is higher than 3,
then the insurance value of getting pregnant increases with a marginal fall in child mortality, which
discourages delay. In contrast, when A is less than %, then the insurance value declines in response
to this marginal fall in A, which encourages delay. Therefore, A < % is required. Second, the option
value of delay, p[Y — V(1 — A)], declines by amount —pV" when A declines. A small enough p ensures
that this decline in the option value of delay, which reduces the net value of delay N (A, ), does
not dominate the decline in the insurance value, which increases the net value of delay, so that on
balance the net value of delay increases in response to the decline in A. A population average child
mortality rate of 47 per 1000 live births in 1939 (Dowell, Kupronis, Zell, and Shay 2000) implies
that A = %, and the condition is satisfied if the probability of promotion is less than 90.6%,
which seems plausible.*3

Figure 12 shows the population effect of a decrease in A when Equation (4) holds. The solid line
delineates the two groups of women: those above the line prefer to delay fertility and enter the labor
market, while those below the line prefer to start childbearing in the first period. The line is given
by the condition in (4). When child mortality falls, the solid line shifts down to the dotted line.
More women prefer to delay instead of childbearing in the first period. Switchers are those women
who are close to indifferent between earning income Y and enjoying utility from childbearing V.
The shaded area to the left of the y-axis depicts women with V' < 0, who always prefer to work
instead of having a child.

An interesting question is whether switching is more likely to occur among women with high
potential income or low potential income. Income is likely to be correlated with education so
this gives an indication of how responses to sulfa exposure may vary with education levels. The
predictions of the model in this regard are ambiguous. Indeed, it is clear from the figure that
women with low Y are switchers if they have a low utility V' from childbearing, and women with
high Y are switchers if they have high V. Thus, the relationship between switchers and income
is determined by the joint distribution of ¥ and V in the population. For example, we would
expect increased delay for all income levels if Y and V' are positively correlated; if they are strictly
negatively correlated, switchers will only be observed for intermediate income levels.*

Childlessness in our model is voluntary: women make lifecycle decisions about labor force par-
ticipation and childbearing based on their preferences over children and their returns on the labor
market, and switchers can theoretically occur at any point of the education distribution. Baudin,
de la Croix, and Gobbi (2015) argue that childlessness at the top end of the education distribution

is voluntary and occurs due to a high opportunity cost of childbearing, while childlessness at the

431t is relevant to note that women in this era primarily worked in teaching and typing jobs, where the probability
of promotion was low (Goldin 2004).

44We can also extend the model to take into account a non-constant probability of promotion, p. In particular,
if we allow p to depend on Y, then the slope of the solid (indifference) line in the figure will depend on whether
the derivative of p(Y') with respect to Y is positive or negative. If the derivative is positive, then the indifference
line will be flatter, and there are more women in the population who delay. This is because the return to delay has
increased for a given Y, as the probability of achieving the promotion in the second period is higher. In contrast, if
p is decreasing with Y (a less realistic assumption), then the indifference line will be steeper.

33



low end of the education distribution occurs due to a lack of resources needed to afford children,
which can be interpreted as being involuntary. Our framework treats women at the two ends of the
education distribution similarly, and so provides a very different perspective on childlessness at the
lower end. Moreover, the new mechanism we propose is that child mortality reductions encourage
fertility delay, and changes in labor market opportunities for women (promotion in our example) are
just one of a number of shocks that can result in eventual childlessness (others being fecundity or
fertility preferences, for instance). In contrast, in Baudin, de la Croix, and Gobbi (2015), improved
labor market opportunities may directly lead women to choose career over children, similar to the
mechanism in the second period of our model conditional on delay and promotion, when a woman
rationally chooses to keep working because the opportunity cost is too high.

Note that the quality-quantity trade-off, and the effect of sulfa drugs through prices 7, can also
be understood intuitively in terms of Figure 12. If sulfa drugs cause a decrease in 7¢ and/or 7¢, the
value V' of having a child increases for each woman, and the distribution of V in the population
shifts to the right (in the sense of first-order stochastic dominance). Therefore, a group of women
move from the “never pregnant” to the “delay” region, and another group of women move from
“delay” to “rush”. Both groups are now less likely to remain childless, which translates to an overall
decrease in childlessness in the population.

Our model abstracts away from education decisions. The intuition for investment in human
capital is in principle similar to that for decisions about work: women may delay fertility to extend
their education and then enter the labor market, similar to the mechanism in Goldin and Katz
(2002). A large fraction of the women in our data had completed their education by the time sulfa
arrived (74% in the hazard sample, 68% in the completed fertility stock sample and 37% in the
uncompleted fertility stock sample).*> Restricting the sample to those that had not completed their
education (for example, those aged under 21 in 1937), would result in a sample of women with little
variation in sulfa exposure, making it more difficult to identify the effect of sulfa drugs on education
decisions. We nevertheless investigated this by creating a sample of women aged 15 to 25 in 1937,
and defining exposure to sulfa drugs as being aged 20 or under in 1937. We find no evidence that
exposure to sulfa drugs led to higher investment in college, though we do find a 5.4 percentage
point increase in the probability of high school completion (see Online Appendix E, Table 43). In
our sample, childlessness is higher among college-educated women and high school dropouts than
among women with high school. Hence, human capital accumulation does not appear to be the
relevant pathway here. To confirm this, we re-estimated the main equations for fertility, and the
labor market and marriage outcomes to be discussed shortly, using a sample of women who were at
least 21 (so that they had completed education choices) when sulfa drugs arrived, and the pattern
of results is very similar (Online Appendix E, Tables 44-47).%6

Next, we estimate the impact of sulfa exposure on women’s labor and marriage market outcomes

" Recall that here we are focused on outcomes for women who were of reproductive age when sulfa drugs were
introduced, and primarily on their fertility responses. Bhalotra and Venkataramani (2012) document that the children
of these women, who were born into an environment with sulfa drugs, grew up to acquire more education.

4671 addition, the estimates are not sensitive to the removal of woman’s education fixed effects as a control variable.
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in the data, and in so doing provide further evidence for the behavioral channel of fertility delay

illustrated in the model.

6.3 Labor Market Choices and Sulfa Exposure

The 1930s was a period of growing labor force participation among women and the largest change
occurred on the extensive margin among married women, with an increase of 15.5 percentage points,
from 10% to 25% (Goldin 2006). This was accompanied by a virtual elimination of marriage bars
by the early 1940s.*” In our stock sample of married and unmarried women drawn from the 1940-
1970 censuses, the average labor force participation rate was 37%. An important driver of the
increase in labor force participation was the arrival of "nice" jobs in offices, which reduced the
stigma associated with married women working; however, regardless of education, most working
women were engaged in typing-oriented jobs and teaching (Goldin 2006).

To assess the impact of pneumonia and maternal mortality reductions on women’s labor market
choices, we estimate the stock model (as specified in equation (2)), with several labor market
outcomes as dependent variables: whether currently working, whether in the labor force, a measure
of the occupational score (the Hauser-Warren Socioeconomic Index; see Online Appendix A for
information on how this is constructed), personal income in the last year in U.S. Dollars, and hours
worked in the past week. As the census asks women about their current labor market status, we
include all women aged 18-50 at the time of the census and 6-44 in 1937, pooling both childbearing
women and women aged 40-50, for whom we estimated the effect on completed (net) fertility.
Thus, all cohorts 1893-1931 are included. The results are very similar when widening the sample
to include women aged up to 60 (and narrowing the sample to women aged under 40; see Online
Appendix D).

The results in Table 9 show that reductions in pneumonia mortality led to a greater propensity
for women to be in the labor force and working, they worked for more hours per week worked
and they had higher occupational scores, a measure of the skill intensity of their occupations. The
mean number of years of exposure to sulfa drugs for this sample is 18.3, which implies an increase
in the probability of work of 2.8 percentage points and an increase in the probability of being in the
labor force of 2.6 percentage points for the average woman. The average proportion of women who
report working in this sample is 35.1%, so this increase is 8.0% of the baseline rate. In contrast,
the fall in maternal mortality led to a decline in the probability of work of 2.6 percentage points
and a decline in labor force participation of 3.8 percentage points. The increase in the occupation-
based socioeconomic index is an improvement of 6.6% relative to the baseline index score of 14.4.%%
The reduction in pneumonia mortality is estimated to have increased weekly working hours by
1.15 hours on average for an interquartile shift in the mortality rate, or 9% of baseline; this is an

annual increase of 13.8 hours for the sample average of 12 working weeks per year. To put this in

4TMarriage bars were regulations that prevented married women from working - see Goldin (2006).
We obtain similar results when considering other occupational scores available in the census data, including
occscore and the Duncan socioeconomic index.
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perspective, Bailey (2006) estimates an annual increase of 68 hours among cohorts with access to
the birth control pill.

The estimated increase in the probability of work of 8% of the mean is consistent in magnitude
with our estimate of the effect of sulfa exposure on childlessness, which was 4.6% of the mean for
gross fertility and 12.8% of the mean for net fertility. Similarly, using a logistic survival model, we
estimated an increase in the probability of childlessness of 3 percentage points for women exposed
to sulfa for ten years, or 5.9% of the baseline mean. The share of women who entered the workforce
and remained childless due to pneumonia decline is similar. In other words, the magnitudes are
consistent with a high degree of substitution between being employed and becoming a mother.

The fall in maternal mortality had opposing effects. It led to a decline in the probability of
work of 2.6 percentage points and a decline in labor force participation of 3.8 percentage points.
It reduced working hours by 1.08 hours on average, but had no effect on the occupational score
for working women. We find no significant effect of pneumonia or maternal mortality reductions
on personal income. Together, these results show that while reductions in pneumonia mortality
increased the likelihood that women had careers, reductions in maternal mortality reduced this
likelihood.

The Joint Probability of Childlessness and Work

Thus far we have demonstrated, using independent reduced form equations, that the sulfa-led
reduction in pneumonia mortality led to lower fertility, higher childlessness and to higher rates of
labor force participation and employment among women. We have argued, with reference to a
stylized model, that these two results are linked. In order to provide further evidence in support
of this, we estimate the impact of mortality decline on the joint probability of being childless
and working (Table 11). Reductions in child mortality increased the probability that women were
both childless and working by 1.64 percentage points, or 19% of the baseline probability of 8.6%
(column (1)). Interestingly, this coefficient on pnuemonia mortality decline is virtually the same as
in column (2), which is the estimated effect on the probability of working and not being childless.
Thus, pneumonia mortality decline increased the probability of work. Of those women who engaged
in the labor market, around half ended up childless, while the other half did not, consistent with
childlessness being driven by a woman’s experience conditional on working. On the other hand,
pneumonia mortality decline reduced the probability of not working and not being childess by 2.9
percentage points, or 5.2% of baseline, and did not change the probability of not working and being
childless, indicating that work was the operative channel through which child mortality decline
increased childlessness.

We also explore the descriptive relationship between childlessness and labor force participation,
tabulating labor market outcomes by childlessness status (Table 12). Childless women were 17
percentage points more likely to be in the labor force, earned over $1000 more per year and worked
7 more hours per week, as well as having a higher occupational score, compared to mothers. We
also estimate a descriptive regression of the relationship between labor force participation and
childlessness, conditioning on birth cohort, state of birth and race (Table 13). This indicates that
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labor force participation is associated with a 16.9 percentage point higher likelihood of childlessness
among 18-40 year old women and a 6.7 percentage point higher likelihood among 40-50 year old
women.

Heterogeneity in Impacts by Race and Education

We estimate impacts of sulfa exposure on the labor market choices of women, dividing the sample
by race and education, the latter polarized into those with some college and those who had not
completed high school (Online Appendix C). We find that the labor market impacts of sulfa drugs
were concentrated among white women, but were not significantly different by education. This
result is instructive for two reasons. First, interpreted in light of our theoretical model, it suggests
a positive correlation between Y and V. Second, it suggests that the labor market impacts of sulfa
drugs were not driven by WW2 mobilisation, which only affected the labor force participation of
women in the upper end of the education distribution (Goldin and Olivetti 2013). On the latter,
we have also verified that our results are robust to controlling for Goldin and Olivetti’s measure of

WW2 mobilisation interacted with WW2 exposure years (see Section 6.5).

6.4 Marriage Market Choices and Sulfa Exposure

Next, we consider the impact of sulfa exposure on marriage market outcomes. Marriage rates
were relatively stable over this period (see Figure 7), and marriage and fertility choices were closely
related; this was an era in which only 8.5% of births were out of wedlock (Bachu 1999). For example,
women exposed to the birth control pill delayed marriage as well as childbearing (Goldin and Katz
2002). We estimate the effect of sulfa exposure on three dimensions of marriage market outcomes:
current marital status, whether the woman was ever married, and age at first marriage for ever
married women (Table 10). In the main estimates, for ever married status, we use the same sample
as for labor market outcomes: 18 to 50 year old women at census enumeration, thus combining
childbearing women and women who have completed their fertility. We estimate the impact of
sulfa exposure on current marital status and age at first marriage for childbearing women (aged
18 to 40 at census) to capture any delay in marriage that may have mirrored fertility delay; we
consider alternative samples with different age-at-census ranges in Online Appendix D.

Reductions in pneumonia mortality are estimated to have reduced the probability of women
ever having married by 1.4 percentage points, and similarly to have reduced the probability of
being married at the time of the census in the sample of women of childbearing age by 1 percentage
point. Thus, pneumonia reductions led to a postponement of marriage and a reduction in marriage
entry. Relative to the baseline probabilities of being currently married (72.6%) and ever married
(85%), these imply declines of 1.5 and 1.7 percent.

We also estimate significant positive impacts of maternal mortality decline on marriage market
choices: reductions in maternal mortality increased the probability that a woman was married at
the time of the census by 2.1 percentage points, and the probability that she had ever married by 1.9
percentage points. These translate to 2.9 and 2.3 percent of the mean respectively. We estimate

no significant impact of sulfa exposure on the average age at first marriage; however, in Online
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Appendix C, where we estimate effects separately by race and education, we uncover a positive,
significant effect of the decline in pneumonia mortality on age at first marriage among white women,
suggesting that these women delayed marriage as well as childbearing. We also estimate a negative
significant effect of the decline in maternal mortality on age at first marriage among white women,
consistent with the positive effect of this decline in mortality on the probability of birth after 1937.

Overall, marital status did respond in a direction consistent with lower fertility and higher
labor force participation of women, but more weakly than these outcomes. This suggests that
many women in this era were childless despite being married.*? Staying on in the labor market was
more clearly associated with childlessness than being unmarried.

This view is supported by summary statistics for marriage outcomes by childlessness status
(Table 12) and a descriptive regression of this relationship (Table 13). On average, without condi-
tioning on covariates, childless women were 10 percentage points less likely to have married, and
married 2.5 years later conditional on ever marrying. Conditional on birth year, birth state, and
race, this gap widens, with unmarried women aged 18-40 being 9.7 percentage points more likely
to be childless, and unmarried women aged 40-50 being 14.7 percentage points more likely to be
childless. In the younger sample, labor force participation is more predictive of childlessness than

marital status, while this pattern reverses in the older sample.

6.5 Robustness Checks

We conduct the same robustness checks for labor and marriage market outcomes as discussed in
Section 5.3 for fertility outcomes. As these checks were discussed in detail in that section, we
merely refer the reader to the tables here. The tables showing these estimates are found in Online
Appendix D. Panels A-C in Tables 29 and 30 display robustness checks for confounding events
(New Deal, Second World War and the Dust Bowl). Panel D, Tables 29 and 30 and Panel E,
Tables 33 and 34 shows that our results are not driven by omitted trends by controlling for long-run
means of the outcome variables and estimating a placebo intervention. Tables 31 and 32 show the
binary difference-in-difference estimates, which compare fully treated (25 sulfa years) and untreated
women (zero sulfa years) and omit women who were partially treated. To address measurement
error, Panels F-G in Tables 33 and 34 consider the child pneumonia-influenza mortality rate. In
Online Appendix D, we also show the robustness of our main effects to other checks, including
consideration of alternative sample definitions and corrections for multiple hypothesis testing. In

general, the estimated effects are robust to these alternative specifications.

6.6 Relevance to Contemporary Data

We have demonstrated that in response to declines in pneumonia mortality, women had fewer chil-
dren and were more likely to be childless. They also had higher labor force participation and lower

marriage rates. Here we demonstrate that this confluence of results is not an artefact of our sample,

49This ties in with the previously cited survey of Popenoe (1936), which was of married childless women.
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nor driven by a particular feature of the estimated specifications. We show that these correlations
are evident in the raw data for the United States in 1930, as well as in contemporary data across
countries. Figure 13 plots the cross-sectional correlation across U.S. states in 1930 between pneu-
monia mortality and two measures of fertility, childlessness and total fertility.’® Childlessness is
negatively correlated with pneumonia mortality, while total fertility is positively correlated with
it.5!

We find a similar negative correlation between childlessness and other measures of child mor-
tality, including under-2s diarrhea mortality and under-1s mortality from all causes - see Online
Appendix F. In contrast, adult mortality rates, such as heart disease and cancer, are positively
correlated with childlessness (and negatively correlated with total fertility). This is in line with our
contention that the relationship of childlessness and child mortality is related to the choice to delay
fertility and continue in the labor market in the reproductive ages rather than women’s health; the
mechanisms for the associations with adult mortality are clearly different. We show similar plots
of labor force participation and marital status against child mortality in the same Appendix. We
find that labor force participation is inversely correlated with child mortality, while marriage is
positively correlated, consistent with our causal estimates.

Turning to contemporary data, Figure 14 plots the cross-sectional relationship between fertility
and, first, infant mortality (from all causes) and, second, neonatal mortality from pneumonia and
other respiratory causes, across countries in 2015.°2 Similar to the early 20th century data from
the U.S., contemporary all-country data show a positive correlation of infant mortality with both
margins of fertility (i.e. a negative correlation between infant mortality and childlessness). Given
our finding that declines in child mortality stemming from pneumonia decline increased labor force
participation and reduced marriage rates in the US, these data suggest that child mortality decline
may have the potential to "liberate" women in developing countries into work and away from early

marriage, and the disempowerment that often accompanies this practice.

7 Conclusion

This paper presents quasi-experimental estimates of how improvements in health and survival
generated by the introduction of antibiotics early in the last century influenced fertility, with a
particular focus on the timing of fertility, the behavior of the extensive margin response, and its

relation to labor market careers and marriage among women. The analysis produces two striking

50These figures are for 25-40 year olds and fertility is net fertility, being based on information about children living
in the household at the time of the survey. The upper age limit is chosen to minimise underreporting due to older
children having left home. Still, to the extent that some women continue fertility after age 40, we may underestimate
fertility and overestimate childlessness, as is evident from the fairly high proportion of childless women in this age
group. However, this is only an issue for the cross-sectional relationship if the age at which children leave home is
correlated with underlying mortality rates.

51 New Mexico appears to be an outlier in the infant mortality data. In Online Appendix D, we show that the main
results are robust to the exclusion of New Mexico from the sample.

52The source of the fertility data is the IPUMS International Database. Every country for which gross fertility
information in the 2000s was available was included in the sample. We chose the census year closest to 2015 for each
country. The mortality data are for 2015 and these data are sourced from UNESCO.
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findings. First, a decline in child mortality (driven by pneumonia decline) led to fertility delay, a
reduction in overall fertility (with fewer women having three or more children) and an increase in
childlessness. Second, the decline in pneumonia mortality was associated with a higher propensity
to work, higher occupational scores, and a lower probability of having ever married.

We argue that these findings are linked, indeed, that child mortality decline made it rational to
delay fertility relative to before the introduction of antibiotics, and that this had spillovers for labor
market and marriage decisions. We argue that reductions in child mortality meant that women
had to spend less time childbearing to achieve a target number of children, in addition to which
they will have reduced their target number of children, if the reduction in the price of child quality
outweighed the reduction in the price of child quantity; the reduction in fertility on the intensive
margin in response to the decline in child mortality suggests that the decline in the price of child
quality dominated and women did change their fertility targets. Both mechanisms contribute to
fewer years spent childbearing together with less time expected to be spent caring for sick children,
allowing women more time for productive activities and the ability to remain in the labor market
longer. Among women in the labor market, positive shocks to wages, negative shocks to fecundity
or fertility preferences, or inertia, can result in persistence of the childless state. This suggests that
fertility choices should be modelled as a dynamic process; we outline a dynamic model of fertility
and labor market choices that shows a greater propensity for fertility delay in response to a decline
in child mortality, when the joint probability of promotion at work and child mortality are low.
The estimated patterns are consistent with this theory, fairly large, and robustly determined.

These results make the following contributions to the literature. First, they contribute causal
estimates of the impact of pneumonia and maternal mortality decline on fertility, both of which
are scarce but relevant to models of the demographic transition and economic growth. Second, our
analysis has some useful features relative to previous work in this domain. We model both the
dynamics of fertility at the time of exposure to the reform and completed fertility, for the same
cohorts of women observed in census data in different years. We present estimates for both gross
and net fertility, and we allow pneumonia and maternal mortality to have a different impact on
fertility. Third, we provide new evidence on the causes of childlessness, and the need to consider
fertility, labor market and marriage market choices in conjunction. Our findings are relevant for
contemporary development policy. They suggest that child mortality decline can contribute to the
economic independence of women, where labor market opportunities are available such that women
can delay childbearing and enter the labor market. This labor force participation and associated
economic independence can, under certain conditions, lead to increased investments in children
(Lundberg, Pollak, and Wales 1997) and a reduction in domestic violence (Aizer 2010).
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Figure 1: Pneumonia Incidence by Age, United States, 1935

This figure shows the average pneumonia mortality rate by age group in 1935 in the United States. Source: Britten
(1942).
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Figure 2: Pneumonia Mortality by Age, United States

This figure shows the average pneumonia mortality rate by age group and over time in the United States. Source:
Vital Statistics.
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Figure 3: Pneumonia Mortality and Maternal Mortality, United States

These figures show the average pneumonia mortality rate (left) and maternal mortality rate (right) in the United
States over time. Source: Vital Statistics.
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Figure 4: Pneumonia Mortality and Maternal Mortality Convergence Post-1937, United States

These figures show the relationship between the 1937-1943 change and the 1930-1936 average level of pneumonia
mortality (top) and maternal mortality (bottom) for different states in the United States. Source: Vital Statistics.
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Figure 5: Pneumonia Mortality Convergence Post-1937 by Age, United States

This figure shows the relationship between the 1937-1943 change and the 1930-1936 average level of pneumonia
mortality in different age groups and different states in the United States. Source: Vital Statistics.
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Figure 6: Pneumonia and Maternal Mortality, United States, 1930-1936

This figure shows the relationship between the average pneumonia and maternal mortality rates in 1930-1936 across
different states in the United States. Source: Vital Statistics.
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Figure 7: Trends in childlessness, fertility, labor force participation and marriage, United States,
1880-1970

This figure is constructed from the US decennial population censuses 1880-1970. The sample consists of all women
aged 30 to 40 at the time of the census interview and born in the US. Childlessness and total fertility is defined based
on net fertility (children living in the home), and marriage and labor force status refer to these statuses at the time
of the census.
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Figure 8: Event Study for Pneumonia

This figure displays the coefficients and 95% confidence intervals around these coefficients on the set of variables
prePneumonia * year where year is a set of dummy variables for the 13 years 1930-1936 and 1938-1943 (1937 is the
omitted case). The dependent variable is a dummy variable that equals one if the woman gave birth in that year, and
zero otherwise. This is a Logistic regression that also contains the set of variables pre M M R * year. Our dataset is
a panel of woman-year birth outcomes for women aged 15 to 40 in the period 1930-1943, born in the United States,
resident in their birth state at the time of the census. The cohorts in this table were born in the years 1893-1928
and are drawn from the 1940 and 1950 US decennial population censuses. Regressions include individual birth state,
birth year, race, education, birth order and time since last birth fixed effects and year and census division*year fixed
effects, as well as state level mortality rates for malaria, heart disease, cancer, tuberculosis and diarrhea among the
under 2s, income and public services, literacy, female labor force participation, and the year of state birth and death
registration, all interacted with post1937.
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Figure 9: Event Study for Maternal Mortality

This figure displays the coefficients and 95% confidence intervals around these coefficients on the set of variables
preM MR * year where year is a set of dummy variables for the 13 years 1930-1936 and 1938-1943 (1937 is the
omitted case). The dependent variable is a dummy variable that equals one if the woman gave birth in that year, and
zero otherwise. This is a Logistic regression that also contains the set of variables pre Pneumonia*year. Our dataset
is a panel of woman-year birth outcomes for women aged 15 to 40 in the period 1930-1943, born in the United States,
resident in their birth state at the time of the census. The cohorts in this table were born in the years 1893-1928
and are drawn from the 1940 and 1950 US decennial population censuses. Regressions include individual birth state,
birth year, race, education, birth order and time since last birth fixed effects and year and census division*year fixed
effects, as well as state level mortality rates for malaria, heart disease, cancer, tuberculosis and diarrhea among the
under 2s, income and public services, literacy, female labor force participation, and the year of state birth and death
registration, all interacted with post1937.
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Figure 10: The Estimated Effect of Pneumonia Mortality Decline on the Fertility Distribution

This figure displays the coefficients and 95% confidence intervals around these coefficients on the variable
prePneumonia * sul fayears in a set of five separate OLS regressions, where the dependent variables in these regres-
sions are dummy variables for having no children in the household, exactly one child, exactly two children, exactly
three children, and four or more children (net fertility). Our dataset is a cross-section of fertility outcomes of women
aged 5-44 in 1937 and 18-40 at the time of the census, born in the United States and resident in their birth state at
the time of the census. The cohorts in this table were born in the years 1900-1931 and are drawn from the 1940, 1950,
1960 and 1970 US decennial population censuses. Regressions include individual birth state, birth year, race and
education fixed effects, as well as state level mortality rates for maternal mortality, malaria, heart disease, cancer,
tuberculosis and diarrhea among the under 2s, income and public services, literacy, female labor force participation,
and the year of state birth and death registration, all interacted with sulfayears.
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Figure 11: The Estimated Effect of Maternal Mortality Decline on the Fertility Distribution

This figure displays the coefficients and 95% confidence intervals around these coefficients on the variable pre M M R
sul fayears in a set of five separate OLS regressions, where the dependent variables in these regressions are dummy
variables for having no children in the household, exactly one child, exactly two children, exactly three children, and
four or more children (net fertility). Our dataset is a cross-section of fertility outcomes of women aged 5-44 in 1937
and 18-40 at the time of the census, born in the United States and resident in their birth state at the time of the
census. The cohorts in this table were born in the years 1900-1931 and are drawn from the 1940, 1950, 1960 and 1970
US decennial population censuses. Regressions include individual birth state, birth year, race and education fixed
effects, as well as state level mortality rates for pneumonia-influenza, malaria, heart disease, cancer, tuberculosis and
diarrhea among the under 2s, income and public services, literacy, female labor force participation, and the year of
state birth and death registration, all interacted with sul fayears.
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Figure 12: The effect of a reduction in child mortality A on fertility delay in the model

The solid line delineates two groups of women: those above the line prefer to delay fertility and enter the labor
market, while those below the line prefer to start childbearing in the first period. The line is given by the condition
in (4). When child mortality falls, the solid line shifts down to the dotted line. More women prefer to delay instead

of childbearing in the first period.

Figure 13: Pneumonia Mortality and Net Fertility in 1930 across US states
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Figure 14: Infant Mortality and Gross Fertility, Worldwide, 2015

(a) Infant Mortality and Gross Childlessness
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Table 1: Descriptive statistics: Control variables

Variable Mean Standard deviation
prePneumonia 1.0918 0.1989
pre M MR 6.2610 1.2403
preDiarrhea 8.1358 5.7157
preMalaria 34.1667 70.4349
preCancer 0.9674 0.3109
preHeartDisease 2.1483 0.6439
preTuberculosis 0.6284 0.3616
In(Income_per _capita) 5.9551 0.3960
In(Number of schools per capita) 0.7586 0.6491
In(Number of hospitals per capita) -2.80 0.4427
In(Number of doctors per capita) 0.1246 0.2291
In(Education _expend_per capita) 4.6150 0.3887
In(Health expend_per capita) -1.2317 0.6275
Year of birth registration 1921.17 5.3726
Year of death registration 1910.681 13.478
Literacy 0.9760 0.0374
Female LFP 0.1971 0.0596
N 48

This table shows the mean and standard deviation of state level characteristics that are interacted with post1937
in the hazard sample and sulfayears in the stock sample and included as control variables. The mortality rates
from diseases are the average between 1930-1936, per 1000 population (or 1000 live births in the case of MMR),

and all other variables are measured in 1930, except the year of entering the birth and death registration systems.
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Table 2: Descriptive statistics: Hazard model

Variable Mean Standard deviation
Birth 0.0865 0.2811
post1937 0.5001 0.5
Current_birth_order 1.7182 1.2364
Years since last birth 6.8448 6.1723

Birth _year of woman 1910.724 98.0187

N 4559108

This table shows the mean and standard deviation of outcome and control variables in the hazard model. Our
dataset is a panel of woman-year birth outcomes for women aged 15 to 40 in the period 1930-1943, born in the
United States, resident in their birth state at the time of the census. The cohorts in this table were born in the

years 1893-1928 and are drawn from the 1940 and 1950 US decennial population censuses.
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Table 3: Descriptive statistics: Stock model

Variable Mean Standard deviation N

Net Fertility (childbearing sample)

# Children 1.6590 1.8316 496783
# Children | Children>0 2.6118 1.6712 315548
Childless (0-1) 0.3648 0.4814 496783
Sul fayears 20.0 6.0626 496783
Net Fertility (completed fertility sample)

# Children 1.9282 1.9473 239432
# Children | Children>0 2.6760 1.8060 172524
Childless (0-1) 0.2794 0.4487 496783
Sul fayears 14.6401 8.8397 239432
Gross Fertility (completed fertility sample)

# Children 2.5750 2.2927 520591
# Children | Children>0 3.1660 2.1428 423423
Childless (0-1) 0.1866 0.3896 520591
Sul fayears 14.8679 8.6624 520591
Labor Market

Working (0-1) 0.3510 0.4773 730498
In labor force (0-1) 0.3710 0.4831 730498
Hauser-Warren SEI 14.4093 17.181 519972
Personal income 1505.191 2817.12 307378
Hours worked 12.8097 19.1029 730498
Sul fayears 18.2949 7.5187 730498
Marriage Market

Currently married 0.7258 0.4461 496783
Ever married 0.8499 0.3572 926552
Age at 1st marriage 21.1798 3.4153 106814
Sul fayears 17.5947 7.9902 926552
Age at birth

Age at 1st birth 24.0750 4.9714 440156
Age at 2nd birth 26.7165 5.0326 316185
Age at 3rd birth 28.6299 5.0395 183840
Age at 4th birth 30.1623 4.9682 101896

This table shows the mean and standard deviation of key variables in the stock model. Our dataset is a cross-
section of fertility, labor and marriage outcomes of women aged 5-44 in 1937 and 18-40 (net childbearing fertility,
current marital status), at least 40 (net completed, gross fertility), 18-50 (labor, age at birth, ever married) at
the time of the census, born in the United States an%besident in their birth state at the time of the census. The
cohorts in this table were born in the years 1893-1931 (1900-1931 for net fertility and current marriage) and are

drawn from the 1940, 1950, 1960 and 1970 US decennial population censuses.
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Online Appendix
Fertility Responses to Reductions in Mortality: Quasi-Experimental
Evidence from 20th Century America
Sonia Bhalotra
Atheendar Venkataramani
Selma Walther

A Data description

We use the United States Decennial Population Census Microdata 1% files for the fertility, labor
market and marriage market outcomes (Ruggles, Alexander, Genadek, Goeken, Schroeder, and
Sobek 2010). The hazard dataset is from pooled census microdata from the 1940 1%, and 1950
1% samples and includes women of childbearing age (15 to 40) between 1930-1943. The construction
of births is based on the birth dates of own children living in the household at the time of the census.
This information is used to construct a retrospective panel dataset at the woman-year level, which
identifies whether a woman gave birth in a given year or not. Only woman-year observations where
a woman is aged 15 to 40 in that year are included.

The stock dataset is based on pooled data from the 1940, 1950, 1960 and 1970 1% cenuses, and
we include all women who were aged between 5 and 44 in 1937. Within this sample, we introduce
additional restrictions on age at census depending on the outcome variable. For net fertility, we
restrict the data to women aged 18-40 at the time of the census interview and separately to women
aged 40-50. For gross fertility, we restrict the data to women who have completed their fertility,
so aged 40 or over at the time of the census. For labor market outcomes, we restrict the data to
women aged 18-50 at the time of the survey. For current marital status and age at first marriage,
we consider 18-40 year old women, and for ever married status we consider women aged 18-50 at the
time of the census, the same as the labor sample. We show robustness to widening and narrowing
all of these samples in Online Appendix D, and our results are not sensitive to varying the age
window.

In both datasets, we only include US born women not residing in group quarters who are
resident in their birth state at the time of the census. The latter limits bias that could arise due
to migration.

The mortality data is extracted from US Vital Statistics (Grove and Hetzel 1968, Lin-
der and Grove 1947, Ruggles, Alexander, Genadek, Goeken, Schroeder, and Sobek 2010, Bu-
reau 1943). In particular, we combined and extended the data series collected by Grant Miller
(http://www.nber.org /data/vital-statistics-deaths-historical/), and by Seema Jayachandran, Adri-
ana Lleras-Muney, and Kimberly Smith (http://www.aeaweb.org/articles.php?doi=10.1257 /app.2.2.118).
The control variables are from the Bureau of Economic Analysis (state variables) and the data on
public services are from Adriana Lleras-Muney’ website. The health expenditure data is from the

US Census Bureau. The state level data is matched to individual data by women’s birth state.

70



The main outcome variables are constructed as follows.

Net total fertility is the total number of own children living in the household. Net childlessness

is a variable equal to one when this is zero and equal to zero otherwise.

Gross total fertility is the total number of live births the woman ever had. Gross childlessness
is a variable equal to one when this is zero and equal to zero otherwise. The number of live
births was a question asked to ever-married women in the 1940 and 1950 censuses and to all

women in subsequent censuses.

The intensive margin of fertility for both of these measures is defined as total fertility condi-

tional on not being childless; hence, this variable takes a missing value for childless women.

The variable Working takes a value of one if the woman reports working at the time of the

census and zero otherwise.

The variable In Labor Force takes a value of one if the woman reports she is in the labor force

at the time of the census.

Personal income is the reported own income from all sources in the last year. It is available

for the 1950 census and onwards.

The Hauser and Warren Socioeconomic Index (H-W SEI) is a measure of occupational status
based on earnings and education. It assigns a measure of prestige to each occupation. See
ipums.org for a detailed explanation of its construction. It is available for the 1950 census and
onwards. We also considered occscore from the IPUMS data and the Duncan socioeconomic

score as outcomes, with similar results.

Hours worked is the reported number of hours worked in the past week. The original data
is an intervalled variable and it is converted to a continuous variable using the midpoint of

each interval.

The variable Currently married takes the value one if a woman is married at the time of the

census and zero otherwise.

Ever married is a dummy variable equal to one if a woman has been married at some point

in her life and zero otherwise.

Age at 1st marriage is the age at which a woman first married, only defined for women who
have ever married, and not available for the 1950 census, hence making the sample size for

this variable smaller than for the other outcomes.

71



B Convergence regressions

These tables formally test convergence in mortality rates after the introuduction of sulfa drugs in
1937. Table 14 tests for the existence of a trend break in mortality rates in 1937, captured by a
linear trend interacted with a post-1937 dummy variable. Table 15 shows that high mortality states
pre-1937 had larger declines in mortality rates post-1937.
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Table 14: Trend breaks in mortality rates

(1)

(2)

3)

(4)

Levels Logs
Pneumonia MMR Pneumonia MMR
year * post1937 -0.0999*** -0.2143*** -0.1110*** -0.0930***
(0.0059) (0.0252) (0.0059) (0.0058)
post1937 -0.1408*** -0.5128*** -0.1287*** -0.0930***
(0.0240) (0.1021) (0.0238) (0.0235)
year 0.0192%*** -0.2154*** 0.0153*** -0.0335***
(0.0042) (0.0180) (0.0042) (0.0041)
N 667 667 667 667
R? 0.7573 0.8981 0.7988 0.8944

These are OLS regressions (standard errors in parentheses) at the state-year level. The dependent variables are

Pneumonta, the state-year average mortality rate from pneumonia, and M M R, the state-year average maternal

mortality rate. The regressions also include state fixed effects. year is a linear time trend and post1937 is a

dummy variable for the years 1937 and later. * denotes p-value<0.1, ** denotes p-value<0.05 and *** denotes

p-value<0.01.

Table 15: Test of convergence in state mortality rates

(1)

(2)

Pneumonia MMR
prePneumonia x post1937 -0.2940***
(0.0459)
preM M R x post1937 -0.2234**
(0.0396)
N 667 667
R? 0.8603 0.9067

These are OLS regressions (standard errors in parentheses) at the state-year level. The dependent variables are

Pneumonta, the state-year average mortality rate from pneumonia, and MM R, the state-year average maternal

mortality rate. prePneumonia * post1937 and preM MR % post1937 are the state-level mortality rates from

pneumonia and maternal mortality respectively, interacted with a dummy variable for the years 1937 and later.

The regressions also include state and year fixed effects. *denotes p-value<0.1, ** denotes p-value<0.05 and ***

denotes p-value<0.01.
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C Heterogeneity of main effects by race and education

In this Section we discuss the heterogeneity of our main estimated effects with respect to race
and education. Bhalotra and Venkataramani (2012) find that the positive effects of sulfa drugs on
the human capital of children born in the antibiotics era were focused among white children, and
explain this by arguing that the returns to human capital for blacks were limited due to institutional
constraints. The decision to delay fertility and enter the labor market will be affected by constraints
to workforce participation and promotion, as well as the relative return of working and waiting,
compared to not working and having children immediately. These constraints and relative returns
are likely to be affected by education.

In the hazard model, we find a stronger estimated effect of reductions in pneumonia and mater-
nal mortality on birth probability for blacks than for whites (Table 16), while we find no difference
among the college educated compared to those who did not finish high school. Blacks experienced
larger reductions in mortality rates than whites (average pre-sulfa pneumonia mortality was 1.2
among blacks and 1.1 among whites while the same figures for maternal mortality are 7.5 and 6.0
respectively), which can partly explain the larger magnitude of the estimated effect. There was
no difference in the average mortality rates between the college educated and those who did not
complete high school. In columns (5) and (6) of the same table, we estimate the logistic survival
model to first birth with interactions between the treatment variables, race and education dum-
mies. There is no statistically significant difference in fertility delay between blacks and whites,
and between the college educated and high school dropouts.

Turning to estimates of the stock model by education and race, we find larger fertility effects
among blacks than whites, consistent with the findings in the hazard model, and no differences by
education, except that reductions in maternal mortality have a particularly significant, negative
estimated effect on gross childlessness among the college educated. Both the college educated and
those who did not complete high school have similar estimated labor market responses to reductions
in mortality, but we find negative (although insignificant) effects on marriage rates for those without
completed high school.

Interestingly, we find virtually zero estimated effects of mortality reductions on blacks’ labor
market behavior, even though a larger proportion of black women reported being in the labor force
compared to white women (41% vs. 34%), suggesting that there were institutional constraints
to promotion opportunities among blacks. For both groups we estimate a negative, significant
estimated effect of mortality reductions on the probability of marriage. We uncover a positive,
significant estimated effect of pneumonia mortality decline on the age at first marriage among
white women, suggesting that they delayed marriage in response to mortality decline. We also
estimate a negative, significant effect of maternal mortality decline on age at first marriage in this
group. The effect of pneumonia mortality decline on age at first marriage for black women is
estimated to be negative; however, this estimate is from a substantially smaller sample than the

other specifications, and should be interpreted with caution.
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D Robustness checks

Results tables for robustness checks discussed in main text
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Alternative sample definitions

First, we show that our stock model results are not sensitive to sample definitions. We reestimate
the net fertility results for 18-36 year olds at the time of the census (a child born to a woman aged
18 would leave home at 36, hence this measure minimises underreporting of children who have left
home). These results are in Table 35. All the results are statistically significant and the magnitudes
are comparable to those in the main text. Table 36 complements this analysis by presenting results
for gross uncompleted fertility; that is, gross fertility for 18-40 year olds. The coefficients are
comparable in magnitude to the main text, although they are not precisely estimated; this is likely
driven by the fact that the gross fertility question was only asked to ever married women in the
1940 and 1950 censuses, and 95% of the sample in these regressions comes from these two censuses.
As the main results suggest that fertility and marriage decisions are intertwined, restricting the
sample to ever married women leads to a select sample of women.

In Table 37, we show that the labor supply results are robust to using a sample of 18-40 year
olds and 18-60 year olds; as with the fertility results, the coefficients have the largest magnitudes for
the youngest sample. This Table also shows robustness to widening the marriage market sample.
When we widen the sample to include women up to age 60, the coefficient for current marital status
is attenuated and insignificant, showing the importance of precise sample definitions.

Outliers

Next, we reestimate the main results but excluding New Mexico, which was shown to be an
outlier state in Figure 13. The hazard model results are in column (1) of Table 39, while the stock
model results are in Panel I of Tables 40 (fertility) and 41-42 (labor and marriage markets). The
exclusion of New Mexico does not change the results in a substantive way.

Bias from considering only one source of mortality

To show the importance of considering both pneumonia mortality and maternal mortality as
impacting outcomes, we exclude first one and then the other in the regressions. This is columns (2)
and (3) in Table 39 and Panels J and K in Tables 40-42. Overall, the specifications perform poorly
with the omission of the other treatment variable. The only estimated effects that are robust to
this alteration are those on net fertility, probability of work and probability of birth; the other
coefficients are mostly attenuated and insignificant. This suggests that omitting one variable biases
the coefficient on the other.

Prescription check

In column (4) of Table 39, we exclude all observations from the hazard model after prescriptions
were introduced for sulfa drugs, that is, all observations post-1939. The coefficient on pneumonia
mortality remains statistically significant.

OLS and Woman Fixed Effects

In order to verify that our results are similar in a simpler procedure, we estimate the hazard
model using OLS (Table 39). In the same table, to control for time invariant unobserved factors
at the woman level that affect birth probability and potentially are also correlated with mortality

rates, we estimate the hazard model with woman fixed effects. The coefficients are similar to the
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main results in Table 4, but the coefficients are less precisely estimated.

Multiple hypothesis testing

Finally, in Panel L of Table 41, we adjust the standard errors from the main results (Table
9) for multiple hypothesis testing. (We do not adjust the standard errors for fertility because
these variables are all defined based on one originating variable.) In particular, we implement the
procedure described in Aker, Boumnijel, McClelland, and Tierney 2014, which adjusts standard

errors to take into account correlation between outcomes. The formula for the adjusted p-values is

pnew - 11— (1 _ pold)A
A = (1 _ C)#outcomes’
where c is the average correlation between all other outcomes in the group. As we only consider
two marriage market outcomes, this formula can only be implemented for the labor market out-

comes. The adjusted standard errors do not change the significance of the results in a substantive

way.
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E Sulfa exposure and education

In this Section we present estimates of the effect of sulfa exposure on education outcomes (Table
43), as well as the main estimates for a subgroup of the main sample, namely women who were
aged at least 21 in 1937, and hence had ostensibly already made their education choices. We
estimate separately the impact of sulfa exposure on the education outcomes of two subsamples of
women, corresponding to the two fertility samples: women still of childbearing age at the time of
census enumeration (columns 1-3 of Table 43), and women who had completed childbearing at the
time of census enumeration (columns 4-6 of Table 43). We estimate a significant, positive impact of
pneumonia mortality reduction via sulfa exposure on high school completion in the sample of women
of childbearing age of 5.4 percentage points, relative to a baseline mean of 19.2% for this subsample
of women. In contrast, the reduction in maternal mortality reduced high school completion and
increased the probability that a woman dropped out of high school, consistent with the effects of
sulfa exposure on labor market outcomes.

In Tables 44-47, we estimate the main effects (with all controls) but on the subsample of
women who were at least 21 in 1937. These estimates are similar to the main results, indicating
that education acquisition is not the main channel through which sulfa exposure impacted labor,

fertility and marriage market outcomes.
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F Cross-sectional relationships between mortality, fertility, labor

and marriage choices in 1930 and in 2015

In this Appendix we first explain the construction of the correlational figures in the main text, and
then discuss further cross-sectional relationships between mortality rates and women’s choices over
fertility, the labor market and the marriage market. Figure 13 in the main text shows two plots,
each of which are a measure of net fertility plotted against pneumonia mortality. Total net fertility
is the weighted state-level average of the number of own children living with a woman at the time
of the 1930 census, restricted to women aged 25-40 at the time of the census. Net childlessness
takes the value of one when this number is zero and a value of zero otherwise. The charts utilise
state-level all-age mortality from pneumonia and influenza 1930-36 per 1000 population, which is
the treatment variable used in the main analysis of the paper.

Figure 14 in the main text shows the correlation between two measures of infant mortality, infant
mortality from all causes and neonatal mortality from respiratory diseases, and gross fertility (live
births) across countries in 2015. We use census data and only include women aged 25 to 40 at the
time of the censuses. We observe a negative correlation between infant mortality and childlessness
and a positive correlation between infant mortality and total fertility.

In Figure 15, we display these same correlations for two other measures of child mortality: child
mortality among under-1s from all causes, and under-2s mortality due to diarrhea. In Figure 16,
we plot the same cross-sectional correlations, but with mortality from diseases that did not affect
infants: heart disease, diabetes and nephritis (liver disease); these measures are all for the year 1930.
We observe a positive relationship between mortality and childlessness, and a negative relationship
between mortality and fertility; this is consistent with less healthy individuals having fewer children
and being more likely to have no children, for example due to sterility or poverty (as in Baudin,
de la Croix, and Gobbi 2015).

Figure 17 illustrates time series plots of net fertility and gross fertility, averaged over two groups
of states: high child mortality states and low child mortality states. High child mortality states are
defined as those with above median pneumonia and influenza mortality in 1930-36, while low child
mortality states are defined as those with below median mortality. We used this measure for years
before 1930 as well, due to missing mortality data in US Vital Statistics for earlier years, which
would introduce a potentially non-random selection bias. Alternative ways of defining high and
low mortality states, including using the relationship between earlier and 1930 mortality data to
predict earlier mortality rates for states with missing information, produces very similar charts.”

Childlessness (total fertility) is consistenty higher (lower) among low child mortality states.

3In these figures, the rates of net childlessness are fairly high while the rates of gross childlessness are low; this is
because net childlessness overestimates true childlessness due to children that have left home, while gross childlessness
underestimates true childlessness due to children that have died during infancy. This is potentially an issue if this
over or underestimation is correlated with child mortality; this is plausible for gross fertility but perhaps less plausible
for net fertility, which would require either earlier age at childbearing or earlier age of children leaving home in low
child mortality areas. Further, the difference-in-difference between net and gross fertility and high and low mortality
states is stable between 1900-1910.
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We show cross-sectional relationships between gross fertility and mortality rates in Figures 18
and 19. These are similar to Figure 15, with the issue that the question on gross fertility was only
asked in the 1900 and 1910 censuses, and the 1940 and subsequent censuses. As we do not have
this information for 1930, we show the data for the closest available pre-sulfa year, namely 1910.
An additional complication is that mortality data from the Vital Statistics for this year is missing
for more than half of states, which cannot be assumed to be a random sample. Therefore, we plot
1910 gross fertility against 1930 mortality data; this has its obvious concerns and the charts should
be interpreted with caution. That being said, we find patterns that are broadly in line with those
for 1930 net fertility (Figure 18). Childlessness is decreasing with child mortality, but increasing
with adult mortality (Figure 19). Total gross fertility follows approximately the opposite pattern,
with the exception of nephritis mortality.

Next, we consider an alternative measure of child mortality, that is measured per live births,
rather than per 1000 population as in the preceding charts. This is to show that the observed
relationship is not a mechanical one between childlessness and child mortality (high childlessness
implies few births, implying lower child mortality). We plot net fertility in 1930 and gross fertility
in 1910 against 1929 infant mortality per 1000 live births extracted from the Vital Statistics 1940
yearbook (Dunn 1943, Figure 20). The relationships are very similar to those displayed in the
earlier charts.

Finally, we consider the cross-sectional relationships between labor market behavior, marriage
market behavior and child mortality. To measure labor market behavior, we use the variable In
Labor Force, which was available in the 1930 census. For marriage market behavior, we consider
the Currently Married question. For both questions, we make the same sample selections as are
made in the main analysis of this paper (labor market answers were retained for 18-50 year old
women at the time of the census, while currently married answers were retained for 18-40 year old
women). Figure 21 shows the labor market plots for child mortality and adult mortality, Figure 22
shows these plots for the marriage market, while the comparable plots for infant mortality per 1000
live births are in Figure 20. Although these Figures will mask many unobservable factors, such as
education levels, health status and income, they are surprisingly consistent with the fertility charts.
On the whole, working status is negatively correlated with child mortality and positively correlated
with adult mortality, although the correlation is at times weak, while marriage rates are positively

correlated with child mortality and negative correlated with adult mortality.
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Figure 15: Child Mortality and Net Fertility in 1930 across US states
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(b) Under 1s Mortality and Net Fertility

Total fertility, net
2
|

oorR

TNe *GA
oK s

. eolA =
NE'P eND* FL VA

o ME
«CO 'pA

MO
*IA ® N Ml
NV ks m’,;g‘HONH"oMD
WA

NSy T °DE

MT e *RI
R\

oCT

*CA *MA

NM e

2 3
Under 1s Mortality per 1000

(d) Diarrhea Under 2s Mortality and Net Fertility

Total fertility, net

2 25

15

eNC
oyt AR esC owy
%
e T
00K VA
oD eMS® eLA
NEND o oFL
A * ks Mo co
S <
W ewl SO SPAL
e gy NA
ol
o~ «DE
*OReMT oRI
NYe ®NJ
oCT
MA oo CA

5
Diarrhea Mortality, Under 2s, per 1000



Figure 16: Mortality from Adult Diseases and Net Fertility in 1930 across US states

(a) Heart Disease Mortality and Net Childlessness
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Figure 17: Pneumonia Mortality and Fertility in 1900-1930, averaged across above median mortality

and below median mortality US states
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Figure 18: Cross-Sectional Correlations between Gross Fertility and Child Mortality for 1910

(a) Pneumonia Mortality and Gross Fertility (b) Pneumonia Mortality and Gross Childlessness
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Figure 19: Cross-Sectional Correlations between Gross Fertility and Adult Mortality for 1910

(a) Diabetes Mortality and Gross Fertility (b) Diabetes Mortality and Gross Childlessness
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(c) Nephritis Mortality and Gross Fertility
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(d) Nephritis Mortality and Gross Childlessness
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Figure 20: Cross-Sectional Correlations between Fertility, Labor and Marriage Outcomes and Infant

Mortality

per 1000 Live Births

(a) Total fertility, net, 1930
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(b) Childlessness, net, 1930
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Figure 2

1:

(a) Pneumonia Mortality

o BRI
DR i esC
%)
3
2
2
§£7 oNJ eNY  eNH o
e ° WA ows VT
£ 2&k A
© o MT e
@“".* oND oIl ®OR o NN sWY eAL®VA wco
] oMiowWl oNC
5 = '
a .
=g | oks® NE HIN oo o
= ot oTN
°AR
o °OK o KY *NM
) WV
T T T T T T
6 8 1 1.2 1.4 16
Pneumonia Mortality per 1000
(c¢) Diarrhea Mortality, Under 2s
w
2
MR
=< eCT eSC
4
El
2
]
581 T
2 A CMSEL empE
s ceME
G | < MT ° PA
8 @ ° ORMNRWY —wieAtVA
S oW oMl *NC
5 °OH N °
3
s 18NS kS me
= Ut o TN
«AR
o ° 0K oKY oNM
: oWV
0 5 1
Diarrhea Mortality, Under 2s, per 1000
(e) Heart Disease Mortality
w
2
*RI *MA
R vsc eCT
%)
El
2
2
8 g | woA oNJ SN NY|
5
® oMS WA . °
2 oFL SWMDSDE e
= olA °
@ mT ., PA
g"’. q o VY .AL.CaMN ) -oR-|L
S *NC LA oMl
E e AZ ® OH
oIN
ﬁ&’vf e ONE L5 MR o
£ °TN ouT
ok AR
.
o | * O oKY
’ owv
T T T T
1 15 25

Circulatory Diseases Mortality per 1000

119

In labor force at time of census, % In labor force at time of census, %

In labor force at time of census, %

Cross-Sectional Correlations between Labor Force Status and Mortality Rates, 1930

(b) Under 1s Mortality
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Figure 22: Cross-Sectional Correlations between Marital Status and Mortality Rates, 1930

(a) Pneumonia Mortality
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(b) Under 1s Mortality
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