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There is a burgeoning economics literature on shocks and investment during pregnancy and
early childhood. Negative prenatal shocks, such as malnutrition, natural disasters, radiation,
and parental death, are often associated with poorer cognitive, behavioral, and educational
outcomes, with lasting effects into adulthood (see reviews in Currie and Almond (2011) and
Almond, Currie, and Duque (2018)). A common, yet under-examined prenatal shock is
pregnancy loss;? an often traumatic ending to one in four recognized pregnancies, with an
estimated 23 million losses occurring annually (Everett 1997; Meaney et al. 2017; Farren et al.
2020; Quenby et al. 2021). The majority of early pregnancy losses arise from random
chromosomal abnormalities that affect the viability of the fetus (Larsen et al. 2013).> Although
employed in the economics literature as an exogenous shock to birth timing and maternal
outcomes (Hotz, McElroy, and Sanders 2005; Miller 2011; Buckles and Munnich 2012),
pregnancy loss, and the changes in stress and investment that ensues, has not yet been
considered as a shock to the outcomes of parents and subsequent children. For the first time,
we examine the long-term impact of pregnancy loss through hypothesized changes in

psychological and physical investments using Norwegian registry data.

Despite the prevalence of pregnancy loss, little is published in either the medical or social
science literature about its long-term consequences. This may be partly attributed to the
difficulty in fully identifying causal effects. While most pregnancy losses are random, it is
estimated that up to 10 or 15 percent are driven by individual risk factors such as previous
pregnancy loss, assisted conception, high parental age, low BMI, substance use, and some
disorders and chronic diseases (Garcia-Enguidanos et al. 2002; Maconochie et al. 2007), many
of which are socially determined. There are a number of small sample studies examining the
impact of pregnancy loss on outcomes such as anxiety, but typically they face validity
challenges in sample selection and the absence of a comparison group (Geller, Kerns, and Klier
2004). As calls to speak about and better understand pregnancy loss have increased (Quenby
etal. 2021), larger registry-based studies have appeared, however they are generally descriptive

or associative, looking for example, at trends in pregnancy losses over time or the role of

2 Pregnancy loss is alternatively labelled miscarriage or spontaneous abortion. In this paper we use the terms
pregnancy loss and miscarriage interchangeably. Miscarriage is defined as an involuntary termination of a non-
viable fetus before 24 weeks (Franche and Mikail 1999). While rates vary, it is reported that ~15 percent of
clinical recognized pregnancies end in miscarriage. In addition, it is estimated that undetected pregnancy loss
occurs at a further rate of 8 to 22 percent. Statistics on recognized miscarriage may be prone to under-reporting
where home-managed losses are unobserved, so an estimation of home managed losses are included in our figures
(Everett 1997). Only one percent of miscarriages occur after the first 12 weeks of gestation.

3 A chromosome abnormality is a missing, extra, or irregular portion of chromosomal DNA.
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maternal age in pregnancy loss (Bruckner, Mortensen, and Catalano 2016; Linnakaari et al.

2019; Magnus et al. 2019). 4

In this paper we use the universe of children born in Norway between 1999 and 2018 to
investigate the impact of pregnancy loss on maternal investment and subsequent children’s
birth, health, and educational outcomes, as well as parental health and labor market outcomes.
We address potential omitted-variable bias by restricting our sample to women with two
children who experienced at most one pregnancy loss between births. In an approach similar
to Currie and Schwandt (2013) in their study on the impact of seasonality on birth outcomes,
we effectively examine differences in the outcomes of siblings, and thus account for fixed
maternal characteristics that could be associated with child outcomes and the risk of pregnancy

loss.

There are two interconnected channels through which pregnancy loss may impact parent and
subsequent child outcomes — heightened prenatal stress and changes in maternal investment.
Fear of recurrent pregnancy loss and persistent mental health issues arising from a previous
loss may result in heightened stress in later pregnancies (Geller, Kerns, and Klier 2004; Fertl
et al. 2009). It is estimated that 20 percent of women who experience a pregnancy loss develop
some form of depression and/or anxiety, with symptoms still evident for up to three years (see
review in Nynas et al. (2015)). In addition, 50 to 60 percent of women become pregnant again
within 12 months of experiencing a loss (Lamb 2002), and thus are likely to be impacted both
by the initial loss, as well as concerns over the viability of the new pregnancy. While expected
to dissipate over time (Farren et al. 2020), the impact of pregnancy loss may be particularly
potent as research shows that grief is greater when the loss is more personal (Persson and
Rossin-Slater 2018; Segal and Bouchard 1993). In addition, compared to other forms of grief,
families are less likely to share their experience of pregnancy loss with others and therefore
receive fewer supports (Bellhouse, Temple-Smith, and Bilardi 2018). There is also some

associative evidence that pregnancy loss can have long-lasting psychological effects even after

4 In the economics literature, pregnancy loss itself has been used as a random exogenous shock. Delays to
motherhood induced by pregnancy loss have been found to increase earnings and work hours (Miller 2011; Li
2012). The random occurrence of pregnancy loss, conditional on controls for known risk factors, is also employed
as an instrumental variable (IV) to examine the impact of teen pregnancy (Hotz, Mullin, and Sanders 1997; Hotz,
McElroy, and Sanders 2005). Building on this work, Ermisch and Pevalin (2005) use pregnancy loss as an IV
when reporting that younger mothers fare worse on the marriage market. Buckles and Munnich (2012) find an
improvement for child outcomes with an added year between siblings, citing larger results when the exogenous
shock of pregnancy loss is employed over a standard OLS estimation biased by the endogeneity of birth spacing.
In addition, Karimi (2014) shows that larger birth spacing due to miscarriage increases the probability of labor
market re-entry between births and income after the second birth in Sweden.



the healthy birth of a subsequent child (Hunfeld et al. 1997). Thus, the highly prevalent and
acutely stressful impact of a pregnancy loss may be greater than some of the less frequent or
less traumatizing prenatal shocks typically studied in the literature, such as exposure to major

earthquakes or the Super Bowl (Menclova and Stillman 2020; Duncan, Mansour, and Rees

2017).

A number of studies in economics have attempted to examine the short and long term impact
of maternal stress in pregnancy on later child outcomes using novel exogenous shocks such as
natural disasters, terrorist attacks, and conflict (examples include Currie and Rossin-Slater
2013; Quintana-Domeque and Rodenas-Serrano 2017; Mansour and Rees 2012). Heightened
parental stress may impact the development of children in-utero as it can influence fetal
programming (Seckl and Meaney 2004; Nakamura, Sheps, and Clara Arck 2008).> A review
of the impact of stress and the stress response on pregnancy reports that the structural impact
of stress on the child’s brain can negatively affect neurodevelopment, cognitive development,
temperament, and psychiatric disorders (Van den Bergh et al. 2020). Using a sibling
comparison model, Aizer, Stroud, and Buka (2016) examine cortisol from blood samples as a
marker for stress to show that children exposed to higher levels of cortisol in utero have worse
cognitive, health and educational outcomes. The effects are large and correspond to ~0.4 - 0.5
SD, however there are no significant effects on birth outcomes.® A small number of papers
have specifically examined the impact of stress during pregnancy induced via a family
member’s death. Black, Devereux, and Salvanes (2016), using Norwegian registry data, find
that the death of a mother’s parent during pregnancy leads to a small decrease in birthweight
(21 grams) and an increase in caesarean sections (~1 percent), but no effects on educational
attainment, earnings, or health in adulthood.” Persson and Rossin-Slater (2018), using Swedish
administrative data, find that prenatal exposure to a death of a maternal relative increases the

use of medication for ADHD and anxiety/depression in adulthood, as well as negatively

5 This arises because stress is a state of threat to homeostasis, the stable internal system our bodies maintain despite
our fluctuating external environment. To restore stability, the body produces a stress response that involves
disrupting or inhibiting the nervous, endocrine, and immune systems. This stress response prioritizes survival over
less essential functions such as growth and reproduction (Joseph and Whirledge 2017). There can be beneficial
physiological and psychological effects of the stress response, however prolonged or repeated disruptions to these
systems can have negative consequences for the mother and child. In particular, the nervous and endocrine systems
co-regulate the immune system, which is essential for the establishment and maintenance of pregnancy and fetal
programming (Parker and Douglas 2010).

® The lack of effects on birth outcomes is attributed to selection into the sample during the third trimester.

7 They compare the outcomes of children who lost a grandparent during pregnancy to children who lost a
grandparent just before or after pregnancy, as well as using a fixed effect approach by comparing siblings, one of
whom experienced a grandparental death in-utero.



impacting birth outcomes (e.g., 11 gram decrease in birthweight and 3 percent increase in

caesarean sections).

In relation to pregnancy loss, heightened stress and concerns about the outcomes of subsequent
pregnancies may impact child outcomes through changes in maternal investment (for a review,
see Lee, McKenzie-McHarg, and Horsch 2017). For women who experience a previous
pregnancy loss, anxiety and stress may be associated with a feeling of personal responsibility
for that loss (Nikcevic, Kuczmierczyk, and Nicolaides 1998), and a greater belief that their
behavior may impact the subsequent pregnancy (Franche and Mikail 1999), thus potentially
increasing prenatal investment. This is important as positive shocks to prenatal investment such
as iodine supplementation have large positive effects for child outcomes, particularly for girls

(Field, Robles, and Torero 2009).

However, for some women, the subsequent pregnancy may be marked by uncertainty that
drives ambivalence and detachment towards the pregnancy and thus lowers or delays
investment (Geller, Kerns, and Klier 2004; Christiansen 2017). This research is largely based
on small sample studies reporting conflicting directions of association between investment and
previous loss, primarily focusing on maternal-fetal attachment® (Tsartsara and Johnson 2006;
Lee, McKenzie-McHarg, and Horsch 2017; Branjerdporn et al. 2021) and initiation of prenatal
care (Ney et al. 1994; Kinsey et al. 2015).

Yet, neither Aizer at al. (2016) nor Persson and Rossin-Slater (2018) find changes in prenatal
investment, either positive or negative, because of increased stress in pregnancy. prenatal stress
may also impact later child outcomes via changes in parental labor market participation if, for
example, mothers change their working hours during pregnancy. If this change in investment

persists after pregnancy, through choice or opportunity, the cost for mothers of previous loss

8 Other studies have used changes in policy to investigate the impact of prenatal shocks on later outcomes. For
example. the introduction of the workplace smoking ban, which reduced the incidence of maternal smoking during
pregnancy, improved birth outcomes (e.g., Bharadwaj, Johnsen, and Leoken 2014; Hajdu and Hajdu 2018). Studies
exploiting changes in prenatal maternity leave policies also find some positive effects on birth and later outcomes,
although the effects are more mixed (see review in Ahammer, Halla, and Schneeweis 2020). The impact of
prenatal shocks to nutritional investment in pregnancy is examined by Almond and Mazumder (2011) and
Almond, Mazumder, and van Ewijk (2015) among others, who find negative effects on birth outcomes, childhood
test scores and adult disability for pregnancies that coincided with Ramadan.

° Maternal-fetal attachment (MFA) is defined as the thoughts, feelings, and behaviors that characterize affection
towards the fetus. It is generally measured with multi-item scales covering behaviors such as eating healthily,
speaking to the baby, and learning about child development (Branjerdporn et al. 2021). Thus, higher levels of
MFA indicate higher levels of maternal investment in the pregnancy.

5



could be large. However again, Persson and Rossin-Slater (2018) find no effect of grief-

induced stress on wage income in the year during or after conception.

Building on the literature concerning shocks to human capital formation, our paper makes two
contributions. First, we examine the impact of pregnancy loss, a very common pregnancy
complication, and thus a potentially major, under-examined contributor to human capital
formation. By testing for and documenting any short- and long-term consequences of
pregnancy loss on health, human capital and labor market outcomes, and the channels through
which these consequences arise, we contribute to increased public discourse around pregnancy
loss and possible supports which could be put in place to mitigate any negative effects. Given
the high prevalence rate of pregnancy loss, the welfare consequences are likely to be large,
particularly when compared to less frequent and short-term shocks that are typically examined
in this literature. Second, we consider the complex interaction between physical and emotional
investment that a shock via pregnancy loss may incur. In particular, we hypothesize that an
adverse shock to maternal mental health may be compensated in some cases by increases in
physical investment via maternal behaviors during and after pregnancy. Unpicking the drivers
of these differential effects is important for identifying groups with higher risk of adverse

outcomes after loss and potential intervention streams.

We find that pregnancy loss increases maternal investment in the subsequent pregnancy,
through increased supplementation and decreased smoking. We also find that maternal labor
market engagement during pregnancy and after the birth declines, and this is not driven by
poorer health. At birth, children born after a pregnancy loss have higher weight, and have less
GP and ER visits in subsequent years. However, by age ten the impact of pregnancy previous
loss on children has dissipated. There are no significant differences for GPA, math, English
and reading scores, , and indeed, in most cases the effects are negative. We theorize that this
arises from lingering investment decisions by the mother — through choice or opportunity — to

decrease labor market engagement even two years after the birth.

The remainder of the paper is organized as follows. In part I we describe the registry data. In
part I, we outline our estimation strategy for examining the effects of pregnancy loss on parent
and subsequent child outcomes, including strategies for asserting the exogeneity of miscarriage
in our identification, our approach to hypothesis setting, and descriptive statistics for our
sample. Results are described in part III, covering our main analysis, sub-group analyses based

on child gender, maternal education, and paternity. We contextualize these results using the



economic and scientific literature. We report on robustness checks in part IV, including the
role of maternal physical health, timing, and contamination of the sample with non-random

miscarriage, before some concluding remarks in part V.

I. Data

We use Norwegian Registry data, a linked administrative dataset that covers the Norwegian
population and provides information about labor market status, educational attainment,
demographics, and family relations. We merge this data to the datasets described below using

personal identification numbers for parents and children.

A. Birth data

Data on births, pregnancy losses, health and health behavior during pregnancy are obtained
from the Medical Birth Registry of Norway, which contains records for all births with a
minimum gestation period of 16 weeks since 1967. The records include information on the date
of birth, age of the mother and father, variables related to infant health at birth and method of
delivery. To examine the impact of pregnancy loss on subsequent children at birth, we examine
the baby’s weight (in grams), APGAR scores, !° duration of gestation (in weeks), and whether
the delivery was by caesarean section (c-section). Low birthweight babies are well-established
to have worse short-run and long-run human capital formation (e.g., Black, Devereux, and
Salvanes 2007; Cook and Fletcher 2015) and, together with APGAR scores and gestational
length, birthweight is a common metric for child health at birth that is associated with adult
outcomes (for a review of studies, see Currie and Almond 2011). We use c-section delivery as
a proxy for an unhealthy birth, as non-medically indicated c-sections (e.g. driven by maternal
or practitioner preferences) are associated with worse child and maternal outcomes compared
to vaginal delivery, and medically indicated c-sections (e.g. excessive bleeding) are determined
by poor maternal and/or child health factors at the outset or during labor (Sandall et al. 2018;
Mascarello, Horta, and Silveira 2017; Polos and Fletcher 2019; Currie and MacLeod 2016;
Witt et al. 2015).

10 APGAR scores are determined for newborns at one and five minutes after birth as a means of quickly
summarizing the child’s health. The quick test assesses color, heart rate, reflexes, muscle tone, and respiration.
Higher scores, between 7 and 10, are considered reassuring (Simon, Hashmi, and Bragg 2021).
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The birth registry also contains information about mothers’ health behaviors, which we explore
as mechanisms. This includes whether the mother supplemented folic acid and multivitamins
before and during pregnancy, whether the mother smoked at the start of and during pregnancy,
and whether she attended an ultrasound. Interventions to increase investment such as
supplementation, smoking cessation, and pre-natal care have been successful in improving
maternal and child outcomes (Lassi et al. 2014) and are recommended by the WHO (World
Health Organization 2016).

The data also contains information on a set of health conditions experienced by the mothers
prior to and during pregnancy, such as hypertension, gestational diabetes, eclampsia,
preeclampsia, and early preeclampsia. Most importantly, the birth registry contains information
about the number of previous pregnancy losses which occurred before week 12, as well as late

miscarriages for children born in 1999 or later.

B. School data

Educational choice and attainment are directly reported by schools to Statistics Norway,
thereby minimizing any measurement error from misreporting. For each student born between
1999 and 2008 er, we observe test scores from the national exam at age 10. These nationwide
exams are externally graded. Here we examine average GPA, math, English and Norwegian
reading scores as medium-term outcomes that provide insight into the trajectory of the impact
of in-utero shocks (Almond, Currie, and Duque 2018). Health at birth is linked to childhood
academic achievement (Chatterji, Kim, and Lahiri 2014), which is in turn associated with adult
labor market outcomes (Flouri and Buchanan 2002). Test scores are standardized to have mean

zero and standard deviation one.

C. Health Data

In Norway, health services are publicly financed and universally accessible for all Norwegian
citizens. The services are organized in two levels: primary care and specialist care. Primary
health care is the responsibility of the municipalities and includes general practitioners,
emergency rooms, infant and child health care centres, school health services, and elderly care.
Specialist care is the responsibility of the four health regions in Norway and it includes somatic

specialist care, psychiatric health services, and private referral specialists.

General practitioners (hereafter GPs) and local emergency rooms (hereafter ERs) are the basis

of the primary care services. The vast majority of Norwegian citizens belong to a specific GP’s



list, and GPs are responsible for providing primary health care services to the patients on their
list. GPs diagnose their patients, certify sick leave, prescribe treatments, and refer their patients
to specialist care when needed. They also follow up on their patient after they have received
care in the specialist system. In general, the GPs serve as gatekeepers to the specialist care
system and health-related welfare benefits. Most specialist care is provided through public
hospitals and outpatient care clinics, but contracted private specialists can also provide
specialist care. Most importantly, the first contact with specialist care takes place via the
referral of the patient by the GP or the ER because it is not possible for a patient to proceed
directly to specialist care within the public health care system. Hence, GPs and ERs are crucial
gatekeepers in the Norwegian public health care system for all types of diagnosis and treatment

including mental health problems.

Information on visits to GPs and ERs is obtained from the Control and Payment of Health
Refunds database (acronym KUHR in Norwegian) and is available between 2006 and 2020.
GPs and ERs are obliged to report all consultations and relevant International Classification of
Primary Care (ICPC-2) codes to this claims database to receive payment. ICPC codes convey
information about the GPs’ assessment of the patient’s health problems and the type of care
provided. Specifically, each ICPC code is made of one letter, indicating where the symptoms
or diseases are located in the body, and two numbers indicating whether the GPs assessed health
symptoms and diseases. This allows us to assess the health issues detected during each visit.

We analyse primary care use and diagnosis for both mothers and children.

D. Employment data

Annual parental earnings data are obtained from the tax registry and include labor earnings,
taxable sick pay, unemployment benefits, and parental leave payments. They are not top-coded.
We use parents’ earnings as a control variable and the log of mothers’ and fathers’ earnings

two years after birth as outcome variables.

Sick leave is reported by the Social Security Administration. It contains start and end dates for
all certified illness-related work absences exceeding the first 16 days, which is paid by the
employer. We only consider absences taken for the employee's own health (i.e., absence due
to illness of other family members is ignored). The data also includes a variable indicating total

sick leave payments during a period of absence. We consider both the number of days and the



total payments for long-term sick leave that start after the conception of the child up to two

years after the birth.

We examine parental labor market outcomes as a mechanism through which pregnancy loss
may affect child outcomes. During pregnancy, maternal and practitioner perception of risk may
be skewed and a “better safe than sorry” approach may be adopted for those who experienced
a previous loss (Lyerly et al. 2009). Thus, after asserting that women with a history of
pregnancy loss are less likely to be diagnoses with pregnancy-related health concerns and
controlling, we examine sick leave as an indicator of potentially anxiety-driven investment.
Finally, we examine whether the impact of pregnancy loss will endure post-pregnancy beyond

the offspring by considering parental later labor market participation.

I1. Estimation Strategy

Our goal is to examine the impact of exposure to miscarriage on the birth, health and
educational outcomes of subsequent children. Given its largely random nature, we do not
expect most single, early pregnancy losses to be determined by fertility or physical health issues
that will affect subsequent children. We hypothesize that exposure to miscarriage increases
stress which, in turn, affects investment during subsequent pregnancies by the mother and
potentially others, such as fathers and doctors. While we do not observe maternal mental health,

we can examine the impact of exposure to miscarriage on maternal investment.

We use a natural experiment induced by the near-random nature of single, early pregnancy
losses to identify effects. There are three major considerations that must be factored into our
identification framework. First, we must account for known non-random components of
exposure to miscarriage and recognition of miscarriage. We do this through careful restrictions
to our sample, including controls for factors associated with miscarriage, and a series of
robustness tests. Second, we must consider potential endogeneity arising from unobserved
factors such as genetics. To counteract bias arising from unobserved time-invariant factors we
employ maternal fixed effects. Finally, we must consider time-variant factors such as paternity
and maternal health and behavior. Here, we further employ control variables and sub-group

analyses.
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A. Factors in observed miscarriage

An important identifying assumption is the randomness of pregnancy loss, or in other words,
that the factors correlated with pregnancy loss are unrelated to parent and subsequent child
outcomes. Larsen et al (2013) summarize the biological evidence on the occurrence and
mechanisms behind sporadic (one or two) and recurrent (three or more) miscarriages. There is
strong evidence that about 85 percent of early pregnancy losses are caused by random fetal
chromosomal abnormalities,!! with a further 5 percent showing some chromosomal
abnormality. Chromosomal abnormalities are less common in late and recurrent losses than
sporadic early losses (Larsen et al. 2013), which occur in about one percent of women (Regan
and Rai 2000). Loss after the first trimester is associated with further loss and pregnancy
complications in subsequent pregnancies (Linehan et al. 2019). Thus, while there is a strong
argument that most single, early pregnancy losses are random, this is not the case for the rarer
events of recurrent and late miscarriage. For this reason, we restrict the sample of women with

a history of pregnancy loss to those with a single, early pregnancy loss.

Studies on teen motherhood provide evidence that the randomness of pregnancy loss from a
biological perspective is curtailed by socio-economic factors. Miscarriage is more likely to
occur in lower-SES women, potentially driven by health gradients or access to healthcare
including abortion (Hotz, McElroy, and Sanders 2005; Hotz, Mullin, and Sanders 1997; Li
2012; Miller 2011). We exclude assisted conceptions and control for maternal and family
characteristics such as household income that are associated with increased risk of loss and
non-random miscarriage. In sub-group analysis, we consider differential effects arising from

child gender, maternal education, smoking status and paternity.

In further work on teen pregnancy, termination (abortion) is shown to censor miscarriage
(Ashcraft, Fernandez-Val, and Lang 2013; Ashcraft and Lang 2006; Fletcher and Wolfe 2009).
While we do not observe abortion history in the data, in Norway in 2020, 85 percent of

terminations took place within nine weeks of conception (Leokeland et al. 2021),'? thus it is

!1'In fetal development, chromosomes act as blocks of DNA that contain instructions on development such as how
cells are formed and eye color. At conception, the fetus can receive too many or too few chromosomes. The
reasons for this are viewed as a random developmental occurrence, but it means the fetus will not be able to
develop  normally, resulting in a  miscarriage. It is very unlikely to  recur.
www.nhs.uk/conditions/miscarriage/causes

12 Birth and abortion rates have declined over time in Norway. In 2006, approximately 5.6% of women aged 15
to 49 gave birth. By 2020 this had dropped to approximately 4.4%. Annual abortion rates fell from approximately
1.3% of people aged 15 to 49, to 0.9% between 2006 and 2020 (Lekeland et al. 2021).
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reasonable to expect that some miscarriages were prevented by termination. In particular, we
must consider how termination may censor recurrent miscarriage. Where three or more
miscarriages take place, the cause is no longer considered to be largely random, therefore there
may be a proportion of women who undergo multiple terminations and, for some of these
people, repeat terminations may censor multiple miscarriages. However, given the relative
rarity of multiple abortions (0.16 to 0.48 percent of women'?) and multiple miscarriages (1 to
2 percent of women), we do not anticipate that this will significantly bias our results.
Furthermore, we exclude women with two miscarriages (despite indications that most
pregnancy loss in this group would also be random) as some people in this group may have had

an abortion, which would censor a third loss.

Finally, while we correct for the non-random causes of pregnancy loss, it is the recognition of
miscarriage and the timing of the recognition that we are interested in using as a natural
experiment. This may bias our sample towards women who recognize early pregnancy, for
example, those trying to conceive or those who have struggled with conception, as it is
reasonable to assume this group would engage in cycle tracking and early pregnancy detection.
In the US, increasing miscarriage rates over time are likely a feature of increased recognition
of pregnancy with increases in reported miscarriage strongest in the first seven weeks and
absent after 12 weeks, and increasing more in white and better educated individuals (Lang and
Nuevo-Chiquero 2012). In Norway, pregnant women have free access to healthcare, most
miscarriages and abortions are registered, and there are high levels of education and awareness
on the early signs of pregnancy (Magnus et al. 2019). However, to increase the robustness of
our estimates, we exclude observations where there is a history of assisted conception. We also
control for socioeconomic factors, and we consider higher educated mothers as a sub-sample.
Finally, we include a control that covers the birth spacing between the study child and their

older sibling.

Thus, we adopt a number of strategies to adjust for observable, non-random aspects of

miscarriage. Mothers with a history of multiple or late pregnancy losses, stillbirths, and IVF

13 For terminations between 2007 and 2011 in Norway, 37% were repeat terminations. In 12% of cases, two or
more terminations had preceded the study observation. (Justad-Berg, Eskild, and Strem-Roum 2015). Using the
2006 figures for terminations rates, this indicates that 0.48% of women will undergo their second termination
annually and 0.16% of women will undergo their 3%, or more, termination. Furthermore, one quarter of repeat
terminations were for women with one previous live birth, the group we restrict our sample to.
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are excluded from the sample.'* We include controls for parental age, socioeconomic status
(maternal civil status, and education and earnings of both parents) and maternal health (asthma,
chronic hypertension, kidney disease, rheumatism, epilepsy and diabetes) that are explanatory
factors for both pregnancy loss and the recognition of loss. In subsample analysis, we consider
higher educated and lower educated mothers separately. As changing partners is a possible
predictor of miscarriage (Maconochie et al. 2007), we re-analyze our results when the sample

1s restricted to children with the same father.

B. Unobserved factors

Our main sample includes mothers who gave birth between 1999 and 2018. Further to the
sample restrictions based on pregnancy loss and conception history, we only consider mothers
with two single births and at most one early pregnancy loss which occurred between births.
This allows us to control for maternal fixed effects that are constant across children, that is we
can leverage within-family between-sibling differences in exposure to pregnancy loss. This
helps us account for unobservable genetic or anatomic factors that may influence miscarriage
and child outcomes. Using a fixed effects strategy, identification derives from differences
between the pre-natal periods for siblings, thus we control for fixed unobservable differences
between mothers that may bias our results. Child gender is also included as a control. There
are some disadvantages to this approach. It requires the exclusion of groups where stress may
be higher, those without children and those who have experienced repeated pregnancy loss. We
therefore expect our results will be a lower bound of the impact of miscarriage for the general

population.

While the employment of fixed effects allows us to control for time-invariant maternal factors,
we must also consider time-variant factors. To this end, we include control variables that vary
across siblings. Fertility decisions will be affected by pregnancy loss. Birth spacing between
siblings is a determinant of child outcomes and increases with miscarriage (Buckles and
Munnich 2012), thus we control for this by including the ages of both parents at the birth of
both siblings. Parental earnings and education, and maternal health are also allowed to vary

over time in the model. In sub-group analyses we restrict the sample to siblings with the same

141% of the sample are pregnancies that end in late miscarriage, 0.2% are still births or do not survive the first
year, and 2% are IVF births. The categories are not mutually exclusive, thus less than 3% of pregnancies are
excluded from the sample due to these issues.
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father, in order to address differences that arise from paternal factors. We also consider non-
smokers as a separate group given the strong association between smoking and miscarriage

(Pineles, Park, and Samet 2014).

C. Model

To estimate the effects of pregnancy loss on the outcomes of subsequent children, we restrict
the population of Norwegian children born between 1999 and 2018 to two-sibling families,
where mothers have a history of at most one early pregnancy loss that occurred between births
and no history of assisted conception. For a mother, i, we consider the difference in outcomes
for her second child compared to her first child, AY. Thus, we have the following model for

our main specification:

AYi=a0+a1Pi+ﬁ1Di+ﬁ2Hi+ &

Our independent variable of interest is P, a binary indicator of previous pregnancy loss.
Controls include D, a vector of demographics including the gender of each child, mother’s civil
status, and parents’ age, education in years and income at the time of each birth. H is a vector

of maternal health characteristics at the time of each birth.

D. Descriptive statistics

Table 1 shows demographic and health information for women with two children who gave
birth between 1999 and 2018.'> Despite restrictions to remove women with a known risk of
pregnancy loss (e.g., those with a history of assisted conception), there are some differences
between the women with no history of pregnancy loss and women who experienced a single
loss between their first and second child. As suggested by the literature (Maconochie et al.
2007; Turkeltaub et al. 2019), mothers who miscarry are on average older, their partners are
older, they are less educated, more likely to be single at birth, and more likely to suffer from

asthma. We control for these factors in our model.

E. Hypothesis

We want to examine the impact of pregnancy loss on the birth, health and educational outcomes

of subsequent children. However, to hypothesize the impact of pregnancy loss on these

15 Data on school outcomes is available for a subset of this group, births up to 2009. Differences between the
groups are similar.
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outcomes, we must first consider the impact of pregnancy loss on maternal stress and

Investment.

The intuition behind the impact of miscarriage is nuanced and under-studied. We expect
miscarriage to have a negative impact on maternal mental health, as it often involves profound,
stigmatized grief compounded by insufficient social and psychological supports (Bellhouse,
Temple-Smith, and Bilardi 2018; Bute, Brann, and Hernandez 2019; Renner et al. 2000). Other
studies in this area show the negative impact of exogenous shocks to maternal mental health
during pregnancy (examples include Black, Devereux, and Salvanes 2016; Duncan, Mansour,
and Rees 2017; Currie and Rossin-Slater 2013). However, we are interested in the interaction
between previous loss and the recognition of subsequent pregnancy. In the early stages of
subsequent pregnancy, particularly before the week of gestation when the pregnancy loss
occurred, maternal stress may be heightened (Geller, Kerns, and Klier 2004). However, this
may decline as pregnancy continues and viability of the fetus becomes more likely (Wilcox et

al. 1988).

Miscarriage induced stress may also have heterogenous effects on investment. Maternal
investment in pregnancy, such as supplement, alcohol and drug use, diet and lifestyle factors,
are important determinants of child outcomes (reviews include Bell et al. 2018; Borge et al.
2017; Easey et al. 2019; Iglesias Vazquez, Canals, and Arija 2019; Yeoh et al. 2019). Typically,
there is an increase in investment before and during pregnancy through activities such as
attending pre-natal classes (Fabian, Rédestad, and Waldenstrom 2004). For some, pregnancy
loss increases the sense of personal responsibility for the subsequent pregnancy (Franche and
Mikail 1999), which could further increase investment. However, poor mental health, fear of
childbirth and fear of miscarriage are also associated with decreased investment (Hassanzadeh
et al. 2020). For some people with a history of pregnancy loss, they rest less and are less
motivated to exercise in early pregnancy (Devlin, Huberty, and Downs 2016; McCarthy et al.
2015). This arises from uncertainty and ambivalence associated with the outcome of
pregnancy. Indeed, there is some evidence that maternal-fetal attachment is lower in
pregnancies after loss, particularly before the week of gestation at which the previous loss
occurred (Christiansen 2017; Franche and Mikail 1999). There is also some suggestive
evidence that parents delay announcing and seeking medical care for the subsequent pregnancy
(Ney et al. 1994) and feel less emotional attachment (Robertson and Kavanaugh 1998),
although these are all based on small sample studies. Such behavior may serve as a protective

or coping mechanism.
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Therefore, to form hypotheses we need to consider the impact of miscarriage on mental health
and maternal investment. The detailed data on visits to primary and specialist health services
allows us to study the impacts on mothers’ mental (and physical) health during and after
pregnancies. We examine investment through maternal behaviors regarding folic acid and
multivitamin use and smoking, both before and during pregnancy, and attendance at ultrasound.
If the impact of stress is detachment from the fetus, we expect to see no effects or a negative
effect on investment. That is, a decrease in supplement use and ultrasounds, and an increase in
smoking. Together with evidence on the impact of stress, we then expect a negative effect on
child outcomes. Where a previous loss increases investment, effects will be determined by the
countervailing impact of increased stress, which is expected to harm child outcomes, and
increased investment, which is expected to improve outcomes. We further consider investment

through parental labor force engagement, during pregnancy and two years after birth.

The birth outcomes we examine include weight, APGAR scores at one and five seconds,
delivery by c-section, and gestation in weeks. High maternal stress and low investment are
associated with worse outcomes across these measures (Abu-Saad and Fraser 2010; Ingrid Goh
et al. 2006; Navaratne, Foo, and Kumar 2016). Stress and investment during pregnancy are
also formative for educational outcomes (Kingston and Tough 2014), though the evidence is
more mixed and these outcomes are less studied than outcomes earlier in childhood (Almond,
Currie, and Duque 2018). Thus we include GPA, math, English and Norwegian reading scores
at age ten. Our sample includes all women who meet our inclusion criteria between 1999 and
2018, thus test scores at age ten are available for a sub-group only. As a robustness check, we
re-run all estimations restricted to this sample. We also consider this ‘older’ sub-group as a
comparison group where acknowledgement of miscarriages may have been less and knowledge

about maternal investment poorer. '®

In sub-group analyses, we examine boys and girls separately. This is motivated by mixed
evidence on heterogenous gender effects for parental preferences for investment and the impact
of prenatal shocks and investment. For example, depending on the setting, parents invest more
in girls or boys, with knock-on effects for child outcomes (Baker and Milligan 2016; Bharadwaj
and Lakdawala 2013). There is also some evidence that boys are more susceptible to a poor

prenatal environment, such as through exposure to alcohol (Nilsson 2017). However, gender

16 For example, Norwegian nutrition authorities first recommended folic acid supplementation as a preventative
measure against neural tube defects in 1998. Maternal knowledge of the importance of folic acid supplementation
increased after this recommendation was made (Daltveit et al. 2004).
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differences are not consistently found, for example Quintana-Domeque and Roédenas-Serrano

(2017) find no gender effects regarding the impact of terror attacks on birth outcomes.

We also examine lower and higher educated mothers separately. Maternal education affects
child health through the uptake of prenatal care, smoking status, marriage, and fertility
decisions (Currie and Moretti 2003). Employing fixed effects controls for time invariant
aspects of this effect, however it is reasonable to anticipate that mothers with higher and lower
education levels may make different fertility and investment decisions before and after
pregnancy loss. We expect higher educated mothers to recognize pregnancy and pregnancy
loss earlier in gestation (Lang and Nuevo-Chiquero 2012). Thus, this could increase stress for
a longer proportion of the pregnancy and may also have investment effects. The literature is
ambiguous regarding the most impactful timing of prenatal stress, with evidence that stress
impacts brain programming in both early and late gestation although through different
mechanisms (Van den Bergh et al. 2020; Weinstock 2008). There is some evidence that early
maternal investment has larger positive effects for the children of more educated mothers (Del
Bono et al. 2016). For lower educated women, there is evidence that many will have a higher
endowment level of stress, which is controlled for through our fixed effects specification, but
also that stress in this group is more variable and will have greater impact on their children

(Aizer, Stroud, and Buka 2016).

Table 1 shows evidence that early pregnancy loss is random conditional on maternal SES and

time invariant characteristics.
II1. Results

A. Maternal investment

To facilitate hypothesis setting on child outcomes, we first consider the impact of previous
pregnancy loss on maternal investment during the subsequent pregnancy. Table 2 shows effects
for maternal folic acid use, multivitamin use and smoking status before and during pregnancy,
and whether the mother opted to have an ultrasound during her pregnancy. Given our
specification, coefficients indicate the difference in maternal investment between siblings,
conditional on a previous pregnancy loss. Table 2 shows that for a baseline difference of zero
between siblings with no miscarriage history, younger siblings who were exposed to the after-
effects of miscarriage were more likely to be exposed to folic acid supplementation and

multivitamin use both before and during pregnancy compared to their older siblings. They were
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also exposed to significantly less smoking before and during pregnancy. The effect sizes range
from 2.3 percentage points for smoking during pregnancy to 9.6 percentage points for folic

acid before pregnancy.

The results are largely consistent in the main sample and across sub-groups, however there is
no impact on smoking for less educated mothers. The effect sizes are also consistent for boys
and girls, while there are somewhat larger effect sizes for high educated mothers. These results
largely align with one branch of the literature which argues that following a loss, women
increase investment in subsequent pregnancies. This could be driven by an increased sense of
personal responsibility for the subsequent pregnancy. This highlights an important difference
in maternity-induced stress and generalized stress, such as that examined by Aizer, Stroud, and
Buka (2016) and Persson and Rossin-Slater (2018) — they showed no significant differences in
investment based on prenatal cortisol levels and prenatal grief respectively. It is not surprising
that an effect on smoking cessation is only evident in the higher educated group, as lower SES
women have less knowledge of the importance of smoking cessation during pregnancy and,
more so, are less likely to respond to this knowledge with smoking cessation (Meara 2001).
Based on this evidence and the available literature on dual shocks and the persistence of shocks
(Gunnsteinsson et al. 2019; Almond, Currie, and Duque 2018), we hypothesize that there will
be a small, positive effect on birth outcomes and small positive or no effects on childhood test
scores. Finally, we will facilitate later discussion of the results by considering another form of

investment: parental labor market engagement.

B. Child Birth & Health outcomes

The evidence on how prenatal stress affects birth is mixed. Aizer, Stroud, and Buka (2016)
show no impact of cortisol levels on birthweight or gestation, and Currie and Rossin-Slater
(2013) show that exposure to hurricanes increases the probability of birth complications by 30
percent and abnormalities by 60 percent, however low birthweight and gestation are not
affected. Persson and Rossin-Slater (2018) show evidence of a negative effect of maternal grief
across birth outcomes: birthweight decreases by 18 grams, and low birth weight and pre-term
births increase when exposed to grief. Where shocks improve investment, there is evidence of
positive birth effects. For example, Bharadwaj, Johnsen, and Leken (2014) show an increase
in birthweight of 175 grams after the introduction of a smoking ban in Norway. In a two-stage

study that examines the countervailing impact of positive and negative prenatal shocks,
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Gunnsteinsson et al. (2019) consider the interaction of a tornado in Bangladesh with a
pregnancy nutrition trial. While exposure to the tornado decreased birth size and post-natal
growth and increased the incidence of fevers, supplementation with vitamin A protected against

these factors. The negative and protective shocks are entirely driven by boys.

Thus based on the literature we do not expect miscarriage to have a negative effect on birth
outcomes, given evidence of small or nil effects on birthweight in previous studies and some
indication that mitigating shocks can offset negative health effects. Expectation on null or
positive effects is unclear, though we expect larger shocks for boys. Table 3 shows the impact
of previous loss on the birth outcomes of the subsequent child. We examine weight in grams,
APGAR scores (where a higher score indicates better health), if delivery was by c-section, and
the length of gestation in weeks. There is evidence of effects on birthweight, — an increase of
19 grams from older to younger siblings. Larger effect sizes are found for boys and low
educated mothers. The size of the effect falls to 10 grams for the sample where siblings have
the same father. Given the association between paternal weight and the birthweight of offspring
(Klebanoff et al. 1998), this may indicate that paternal variables in the main specification are
not sufficiently controlling for paternal effects. The effect size in the main sample is similar in
scale to those found in studies of prenatal grief by Black, Devereux, and Salvanes (2016) and
Persson and Rossin-Slater (2018), however they report a decrease in birthweight of 18 to 19

grams.

There is no impact on gestation length, or any other birth outcome, in any estimation sample,

indicating that the birthweight effects are not driven by pregnancy length.

Table 4 examines the impact of pregnancy loss on subsequent child health. Siblings born
following a pregnancy loss are less likely to have GP and ER visits than older siblings. In all
cases the coefficients are negative, and in several cases, significantly so, particularly for visits
later in childhood (between four and nine years). The effects are stronger for girls and children
of higher educated mothers. Thus, it is possible that the beneficial effects of increased

birthweight translates into improved health later in childhood.

C. Child Test Scores

In the literature on shocks to and investment in child development, effects in early childhood

often fade by middle childhood — even when evidence of treatment effects re-emerge in
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adulthood (Almond, Currie, and Duque 2018). Thus, hypothesis on the impact of miscarriage
on subsequent test scores is difficult. In similar work examining prenatal grief, Black,
Devereux, and Salvanes (2016) find small negative effects on birth outcomes but no effects on
school completion and cognitive test scores later in childhood and adulthood. However,
Persson and Rossin-Slater (2018) show that exposure to prenatal grief increases the use of
ADHD medications at age ten. In this cohort, we see evidence of positive effects on
birthweight. Thus in line with the literature, we expect a fade-out of effects at school age. As
shown in Table 5, this is largely the case. There are no significant effects on GPA, math,
English, and Norwegian reading scores in the main sample or any sub-sample, and the
coefficients are all negative. Thus from a positive impact on birth outcomes, pregnancy loss
has no effect, or perhaps even a negative effect, on younger siblings by mid childhood. Given
we expect investment to have driven positive effects at birth, we consider longer term parental

investment as a potential mechanism behind this change in the direction of effects by age ten.

D. Parental labor market engagement

Data is available on maternal and paternal labor market engagement during and after
pregnancy, which we consider as a mode of investment. During pregnancy, we consider sick
days and sick pay — which we expect to increase where there is a history of pregnancy loss.
There are two potential mechanisms at play here. Women with a history of pregnancy loss may
have worse health overall, this could drive miscarriage, child outcomes, and sick leave in
subsequent pregnancies. However, given the restrictions we imposed on our sample we think
this unlikely. However, we consider this possibility in robustness testing, where we see few
differences in maternal health dependent on pregnancy loss history and, in fact, women with a
history of loss are less likely to experience hypertension in the subsequent pregnancy.
Alternatively, we consider sick leave taken as a precaution by the mother and/or her doctor
following a previous pregnancy loss. As such, it can also proxy increased pregnancy-related
stress. Thus, while no more physically unwell, women with a history of loss may take more
leave. We also consider parental labor market engagement, measured via maternal and paternal

income, 2 years after birth.

The first two columns of Table 6 show the effects of previous pregnancy loss on sick leave and
sick pay during the subsequent pregnancy. Across all samples we see a significant increase in

sick leave and sick pay, an increase of three to four days between siblings for women with a
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history of loss. As Norway has broad social security, children are protected from a possible
income shock arising from this increased sick leave. In columns 3 and 4, we examine whether
this change to labor force engagement persists two years after birth. Maternal income is
negatively affected by pregnancy loss two years after the birth of the subsequent child. This
holds across all sub-samples. For fathers, there are no effects on labor market engagement
Thus, it appears that mothers reduce their workloads in response to stress and/or an increase in
time investments into their children, while fathers, perhaps due to household budget constraints

do not change their workload.

In work examining the impact of taking leave from employment during pregnancy, Del Bono,
Ermisch, and Francesconi (2012) find positive effects on birthweight. Further, they show that
parental investment choices are influenced by the endowments of their existing children. Thus,
we theorize that parental investment persists for the younger sibling, despite their relatively
good health at birth, as investment decisions are based not only on the child’s health but the
outcomes of previous pregnancy, including the previous loss. Here we see a decrease in
maternal pay in the two years after the birth of their younger child, which we assume is driven
by choice or opportunity, compared to women with no history of pregnancy loss. For the impact
on child outcomes, we consider it as a time investment similar to taking additional leave.
Evidence is mixed on how leave from work after the birth of a child affects that child’s
outcomes. A Norwegian change to maternity leave in 1977 from 12 weeks of unpaid leave to
4 months of paid leave and 12 months of unpaid leave had significant positive impacts on high
school completion and wages, driven by large effects for the children whose mothers could not
take much leave under the previous rules (Carneiro, Leken, and Salvanes 2015). However,
work examining the impact of extensions to paid leave in later periods after birth show no
effects or negative effects on child outcomes, with some evidence of heterogenous effects
(Baker and Milligan 2016; Danzer and Lavy 2018). Thus, while maternal time investment in
their children persists after birth, our results indicating few and possible negative effects on
grades aligns with some of the literature — potentially showing the importance of financial
security over further time investment. Alternatively, declines in child outcomes and maternal
labor engagement could arise from the persistence of mental health issues, for which there is
some evidence in the literature (Hunfeld et al. 1997). Regardless of the interpretation with
respect to child outcomes, it is clear that pregnancy loss is a costly experience for women’s

human capital even two years after the birth of subsequent children.
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Overall, impact of previous pregnancy loss on the outcomes of subsequent children is mixed.
There is a consistent positive impact on most facets of maternal investment before and during
pregnancy. Birthweight is positively affected across samples, with fewer effects on other birth
outcomes. By age ten, there are no positive effects. We hypothesize that this could be
attributable to lingering investment decisions and stress that affect household characteristics

after birth.

IV. Robustness Tests

A. Maternal physical health

We make a number of assumptions about maternal physical health. In our hypothesis on how
pregnancy loss affects subsequent child outcomes, we assume that changes to stress and
investment induced by the miscarriage drive any effects. Secondly, we argue that sick leave
during pregnancy arises from investment decisions and stress, rather than poorer physical
health in mothers with a history of pregnancy loss. To test the robustness of these underlying
assumptions, we must consider the impact of a previous pregnancy loss on maternal health. In
our model specification, we control for indicators of maternal health — typically chronic disease
— that can change over time and are associated with increased risk of miscarriage. This includes
asthma, hypertension, kidney disease, rheumatism, epilepsy, and diabetes. Now we also

consider whether pregnancy loss can cause worse health in subsequent pregnancy.

Table 7 shows the impact of exposure to pregnancy loss on five pregnancy conditions:
gestational diabetes, hypertension, eclampsia, pre-eclampsia, and early pre-eclampsia. Given
the higher rate of sick leave in women with a history of miscarriage, reporting may be biased
upward for this group. That is, we expect those who engage with health services more likely to
be diagnosed with conditions than those who have a condition but do not attend health services
for diagnosis. To check the impact of health services access on diagnoses, we consider
eclampsia in three stages. If access to health services drives some of our outcomes, we would
expect women with a history of pregnancy loss to have higher rates of early preeclampsia, and
women without a history of miscarriage to have higher rates of eclampsia — where earlier stages

of the disease went undiagnosed and unmanaged.

As shown in Table 7, there is no evidence that women with a previous pregnancy loss have

poorer health outcomes in subsequent pregnancies, indeed women with a history of miscarriage
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are less likely to be diagnosed with hypertension. This improved health could arise from
increased investment, which we see through increased supplementation across the cohort and
decreased smoking. Contrary to the other markers of maternal health, the coefficients on
gestational diabetes are positive, although not significant. In sum, these results suggest that
women who experienced a previous miscarriage do not enter the next pregnancy with poorer

health outcomes.

The health information discussed above comes from the birth registers. We complement this
information with medical visits undertaken during and immediately after the pregnancy in
Tables 8-13. After a pregnancy loss there is an increase in the total number of primary health
care visits attended during the subsequent pregnancy. Table 8 shows that mothers who
experienced a previous loss have an increased number of GP visits, consultations, ultrasounds,
and lab tests, however there are no differences in the number of ER visits. This might be driven
by increased contacts with the health care system and an abundance of caution by either the
pregnant woman or the health professionals. In Norway, pregnant women follow a check-up
schedule and can opt to go to the GP or the midwife for these free check-ups. Additional
pregnancy related visits are also free of charge. The midwives are, however, employed by the
municipality and are therefore not billing free for service requests. Hence, we do not see how
many times mothers visit the midwife in the administrative data. Table 9 shows that these
increases in primary health care visits are primarily driven by pregnancy related issues and
concerns and not by health conditions such as diabetes and hypertension. Importantly, these
visits are not related to psychological symptoms which suggests that the mechanism

underlying increased investment during pregnancy is not driven by stress .

In Table 10 we present the impacts on the number of primary care visits in the 7 years following
the subsequent pregnancy. In the years immediately following the birth (years 1-4), mothers
who previously experienced a loss, have significantly less health visits. In addition, for the
visits that do take place, Tables 11-13 show that there are almost no differences in the diagnoses
arising from these visits. Mothers with a pregnancy loss are less likely to attend a primary
health care visit due to pregnancy and contraception issues in years one, two, and three, and
there are no significant differences regarding other conditions including issues related to blood,
immune system, digestive, eye/ear, cardiovascular, musculoskeletal, neurological, respiratory,
skin, endocrine, urological, and genital. In addition, following a pregnancy loss, mothers are

not attending primary health care visits due to psychological related issues.
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Based on these results, it is possible that higher levels of investment in pregnancy, in terms of
supplementation and increased preventative care, may translate into improved health after

birth.

Overall, there is no indication that pregnancy loss affects subsequent children through negative
changes to maternal health either during or after birth. Furthermore, high use of sick leave
during pregnancy and reduced income after pregnancy does not appear to be motivated by

physical health conditions.

B. Timing

The period in which a woman experiences loss and subsequent pregnancy is also of interest.
We argue that the traditionally social and medical taboo nature of pregnancy loss is likely to
contribute to the traumatizing impact of the loss. However, recent decades have seen an
increase in research and literature on the impact of miscarriage, alongside changes to treatment,
post-loss care, and increases in public discourse on pregnancy loss. Throughout our analysis
we examine a sub-sample of pregnancies that took place between 1999 and 2008 (i.e.,
excluding the last 10 years), which we call the ‘school sample’ where data on test scores at age
ten is available. This sample allows us to also consider the impact of the lessening of the taboo
and decreases the risk of including women with unobserved repeat miscarriage. For example,
if a woman has a child in 2006, a miscarriage in 2007, and a child in 2008 with no other
pregnancy history, she is included in our main specification. However, we cannot observe
whether she goes on to have multiple subsequent losses.!” By examining children for whom
we have ten years of data, we can also exclude many women with observed repeat miscarriage

after the birth of the study child.

17 We also do not observe silent miscarriage, pregnancy loss that a woman is unaware of, usually occurring in
very early pregnancy. 15 to 25% of pregnancies are estimated to end in silent miscarriage (Linnakaari et al.
2019; Wang et al. 2003). Silent miscarriage can be identified after the fact through changes to urine samples or
ultrasound, or may go unrecognized. While early pregnancy loss is associated with higher conception rates in
subsequent cycles, shorter time-to-conceive, subsequent silent miscarriage, and clinical pregnancy, silent
miscarriage is not associated with subsequent recognized pregnancy loss or subsequent birth outcomes (Wang et
al. 2003). Thus we do not expect silent miscarriage rates to vary between women with and without recognized
pregnancy loss, or to bias reporting on child outcomes.
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In panel G of Tables 2 to 6, results are shown for the school sample, except Table 4 where the
main sample is the school sample. In Table 2, which examines investment decisions, we find
consistent significant effects regardless of the sample’s timespan. For the school sample,
investment is positively affected, with slightly smaller coefficients on folic acid and smoking.
This could, in part, arise from knowledge as the Norwegian nutrition authorities first
recommended folic acid supplementation just before and during early pregnancy in March
1998 which corresponds to the start of our sample period. In 1998, 33 percent of Norwegian
women of reproductive age knew about the role of folate in pregnancy, yet this increased to 46

percent by 2000 (Daltveit et al. 2004).

In Table 3, we find that there is a consistent increase in birthweight across all sub-samples
except for the school sample. There is a positive coefficient on weight, but no significant
difference. However, APGAR scores at one minute also saw a significant improvement post-
miscarriage. We theorize that fewer birth effects are seen for this sub-sample due to the relative

lack of support provided during this period when miscarriages were more taboo.

The results for the main sample and sub-sample are the same when we examine test scores in
Table 4, where we find a negative effect on overall GPA. We theorized that, based on the main
sample, this may arise from the temporary erosion of effects in middle childhood that may re-
appear in adulthood, or that reduced maternal income after birth may have detrimental effects
on school performance. However, given the reduced effects in the sub-sample at birth and our
theory of increased stress, this may also be explained by the enduring effects of poor maternal

mental health.

A further consideration on timing is birth spacing and fertility decisions that arise from
pregnancy loss. Three out of five women who experience miscarriage become pregnant within
the next two years (Smith, Ewings, and Quinlan 2009). By nine months after miscarriage, there
is evidence that women can maintain clinically important levels of stress (Farren et al. 2020),
however for women who conceive within six months of miscarriage, there is associative
evidence that pregnancy and birth outcomes tend to be better than for women with longer
pregnancy intervals (Love et al. 2010). Conversely, intervals of up to six months between
pregnancies that result in live births are associated with worse outcomes compared to 18-month
intervals, particularly in older women (Schummers et al. 2018). By including the age of
mothers at the births of the children before and after the miscarriage, we inherently control for

the impact of birth spacing. However, we do not observe the timing of pregnancy loss between
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these two births, therefore we cannot consider the impact of recognizing a subsequent

pregnancy while experiencing acute distress from a recent loss.

In our specification, we consider women with two children where any loss occurs between
births. This allows us to compare the younger sibling to the older sibling who had no exposure
to loss-related shocks. However, it is reasonable to expect that the stress response to loss for
nulliparous women may be greater — though evidence on this is mixed. For example, Tseng et
al. (2017) report that couples with no living children experience more intense grief that couples
with living children, while Woods-Giscombé, Lobel, and Crandell (2010) report that parity
does not buffer the impact of anxiety after loss. Further, the probability of experiencing a
miscarriage is 30 percent lower for women with one previous live birth, compared to women
with no previous births (Maconochie et al. 2007). Thus, while women with a history of loss
before any live births may experience a more stressful reaction to miscarriage, it is more
difficult to assert the exogeneity of miscarriage itself. We consider a sample of women with
two children, where at most one pregnancy loss occurred before the birth of the two living
children (when the woman was nulliparous). In appendix Al, measures of maternal physical
health indicate worse prenatal health, including an increased risk of hypertension and
preeclampsia, for the women in the sample who experienced a loss before their first birth
compared to the women with no loss, Thus, we cannot reasonably assert the exogenous
occurrence of pregnancy loss in this group. As such, the results of this study cannot be

considered representative of the universe of women who experience pregnancy loss.

C. Sample Selection

In our main analysis we control for socioeconomic risk factors associated with miscarriage,
acknowledging that 10 to 15 percent of pregnancy losses are not attributed to random
chromosomal abnormalities (Larsen et al. 2013). In effect, this means that for a proportion of

our sample the loss was not random.

First, we consider a restriction on the data to reduce any bias this introduces. Smoking while
pregnant is a strong predictor of miscarriage. There is a 1 percent increase in the relative risk
of miscarriage per cigarette smoked per day; smoking cessation at conception or early in
pregnancy reduces the risk of miscarriage by 25 percent compared to people who smoke further
into pregnancy, while non-smokers and former smokers have a similar risk of miscarriage

(Pineles, Park, and Samet 2014). Thus we consider smoking status as a selection criteria into
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non-random miscarriage, and re-estimate our results for only non-smokers. As a consequence,
this could restrict our sample to higher SES mothers, however, in our main sample 35 percent
are classified as having low education and 31 percent of the non-smoker sample have low

educational attainment.

Results are available in appendix two. For investment (Table A2a), the results are similar in
significance and magnitude to the main results. However, among non-smokers, those with a
history of pregnancy loss are significantly less likely to attend an ultrasound - however the
effect is small at 0.3 percent. At birth (Table A2b), the positive effects on weight are
maintained. However, sporadic effects on other outcomes depending on the sub-sample are no
longer evident, potentially indicating that bias from non-random loss may explain some of the
inconsistency in sub-sample results. By school age (Table A2c), there is no significant impact
on grades, in contrast to the negative significant effects on GPA in the main sample, however
the coefficients remain negative. Results for parental labor market engagement (Table A2d)
are consistent with the main results, there is an increase in sick leave and pay during pregnancy
that cedes to lower maternal pay two years after birth. For maternal physical health (Table
A2e), the results are largely consistent with the main sample for hypertension, where there is a
decrease for women with a history of pregnancy loss. However, any effects on eclampsia —

where there were sporadic improvements based on miscarriage — are no longer evident.

In work on teen pregnancy, Hotz et al. (1997; 2005), bound treatment effects based on
population estimates of the randomness of pregnancy loss and the prevalence of pregnancy
termination. We do not observe abortion, and thus these bounds would be too broad to be
meaningful (Goodman, Kaplan, and Walker 2004). In this paper we calculate the adjustment
for point estimates as Hotz et al. describe, based on epidemiological estimates of the
proportions of births and random miscarriages in the population. Based on the literature, we
estimate a probability of 70 to 80 percent that a pregnancy will end in birth (Pg), a maximum
rate of 5 percent for abortions, and that, for the miscarriages that do occur, 10 to 15 percent
will be random. This is based on estimations of when chromosomal abnormalities cause (85
percent) and are detected in (a further 5 percent) miscarriages and are thus random. Hotz et al.
(1997) adjust point estimates by a factor of 1/Pg(1 — Pyg), and so in this case we estimate that
the point estimates may be under-reported by a factor of 1.28 to 1.48. Where we report a 19.8
gram difference in birth weight in our sample of siblings with the same father, the true effect
may be closer to 12.5 to 14.4 grams. These adjustments contain only rudimentary consideration

of abortion and do not account for the heterogeneity introduced into the sample from the
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contamination of the randomness of miscarriage (Goodman, Kaplan, and Walker 2004).
However, in contrast to many other studies examining miscarriage, we employ maternal fixed
effects alongside the natural experiment to correct for unobserved time-invariant factors that
may determine the nature of miscarriage, alongside various restrictions on the sample to
exclude women with a high chance of non-random loss. Thus, we expect our original point

estimates to be generally robust to the inclusion of non-random losses in the sample.

Overall, we see robust evidence that when accounting for non-random assignment, a history of
miscarriage increases investment through supplementation. While mental health effects may
be evident in the lower uptake of ultrasound, we caution that the significant difference in uptake
masks a small effect size. In turn, there is a positive impact of previous miscarriage on birth
weight, but this benefit fades by school age, potentially as a result of lingering changes to
maternal investment. Other, sporadic effects that we see in our main specification (e.g. APGAR
scores) may be noise arising from the presence of non-random loss in the sample, however, our
model specification is generally successful at controlling for the impact of such non-

randomness.
V. Conclusion

There is growing evidence on the impact of shocks to investment and stress during pregnancy
on child outcomes (Almond, Currie, and Duque 2018), and while the destigmatization of
pregnancy loss is increasing, little is known about the impact of this common, largely random,
and traumatizing experience on subsequent child outcomes (Quenby et al. 2021). In this study,
we show that the impact of pregnancy loss on maternal investment in subsequent pregnancies
may offset the negative consequences of stress and, instead improve the birth and health
outcomes of subsequent children. However, over time, child outcomes disimprove, as maternal

investment results in decreased human capital accumulation by the mother.

Using Norwegian registry data, we examine the impact of pregnancy loss on parental
investment and subsequent child outcomes. Using careful sample selection and model
specification, we assert that single, early pregnancy losses that occur between a woman’s first
and second live births are an exogenous shock to subsequent investment decisions and child
outcomes. The medical, psychological, and epidemiological literature indicates increased
anxiety, depression, and stress for people who experience miscarriage (Geller, Kerns, and Klier
2004), and the economic literature demonstrates the harmful impact of exposure to stress and

grief in utero (Aizer, Stroud, and Buka 2016; Black, Devereux, and Salvanes 2016; Persson
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and Rossin-Slater 2018). Hypothesis setting on the impact of previous loss on parental
investment was less clear, therefore we provide evidence that a history of miscarriage increases
investment, through improved nutrition and decreased smoking. In addition, we argue that
investment is evident of a more cautious approach to the subsequent pregnancy, through
increased use of sick leave despite evidence that the physical health of women who experience
a miscarriage is similar or slightly better than women who do not. Therefore, after experiencing
a loss, we assume women undergo increased stress, but we also show that there is a
countervailing force through an increase in investment. The investment is effective, with higher
birthweight and better health outcomes for children where mothers have experienced a
miscarriage. By middle childhood however, few effects are evident on school outcomes. This
is consistent with the broad literature on early childhood investment (Almond, Currie, and

Duque 2018).

We examined sub-groups based on gender, maternal education, paternity, time and maternal
smoking status. We found no evidence that the impact of previous miscarriage has
heterogenous effects on investment or outcomes based on child gender. Results are largely
consistent when we examine results by maternal education. The effects on prenatal investment
and school outcomes are similar in both groups, and while birthweight is positively impacted
in both groups, the effect is twice as large for the children of lower educated mothers. This
could arise from differential effects of a previous loss on maternal health in the subsequent
pregnancy e.g., while higher educated mothers may always be aware of the benefits of
supplementation, lower educated mothers may become more cognizant of the benefits after a
pregnancy loss. When we restrict the sample to children with the same father, the results are
consistent in terms of significance, though the scale of the effect on birthweight is decreased.
When we examine the sub-sample of births that took place in the earlier half of our sample, we
find some reduced effects on birth outcomes which we theorize may result from poorer
knowledge of maternal investment and increased stress during a period when miscarriage was
more stigmatized. Overall, our subgroup analyses points to the importance of maternal
investment in pregnancy for counteracting potentially detrimental factors such as stress, taboo,

and household resources.

Our study aligns with work on the impact of birth spacing where, when using miscarriage as
an exogenous shock to birth spacing, positive child outcomes are evident (Buckles and
Munnich 2012). In the specification used here, we control for birth spacing, but our findings

suggest that the larger effects Buckles and Munnich find may be, in part, driven by its effect
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on maternal investment. Our study stands in contrast to other work on prenatal shocks to mental
health, and highlights the importance of the origin of the shock. Aizer at al. (2016) and Persson
and Rossin-Slater (2018) do not find evidence of increased investment in response to increased
stress. We theorize that strong investment effects arise here because the shock is more directly
relatable to pregnancy. This increase in investment may explain the positive effect that
miscarriage has on birth outcomes, in contrast to other forms of grief (Black, Devereux, and
Salvanes 2016; Persson and Rossin-Slater 2018). However, the negative impact of miscarriage
persists for the mother. Persson and Rossin-Slater (2018) find no maternal income effects in
the year of conception and the following year following birth, and Karimi (2014) finds a
positive impact of birth spacing exogenously affected by pregnancy loss, on maternal labor
market engagement. However, we show evidence that a history of miscarriage leads to lower
maternal labor market engagement during pregnancy and two years after. While this could be
interpreted as an investment in subsequent offspring, it is also a depletion of maternal human

capital (and income) that could be costly in the long-run.

A major contribution of this paper is the use of careful identification and specification to
examine a phenomenon typically studied in non-economic disciplines using descriptive and
associative approaches. We take advantage of the largely random nature of pregnancy loss to
examine a shock to maternal stress and investment, however we also add to the economic
literature (examples include Buckles and Munnich 2012; Hotz, McElroy, and Sanders 2005; Li
2012; Miller 2011) that has exploited miscarriage as an exogenous shock by incorporating an
estimation strategy based on maternal fixed effects that draws from the literature on prenatal
shocks (the most closely related to this study include Aizer, Stroud, and Buka 2016; Black,
Devereux, and Salvanes 2016; Persson and Rossin-Slater 2018). Together with sample
exclusions, controls, and sub-group analyses informed by epidemiological studies on non-
random miscarriage (for reviews see Maconochie et al. 2007; Regan and Rai 2000), this study

examines the impact of random pregnancy loss with some precision.

However, there are limitations that arise with our estimation strategy. We do not observe
termination of pregnancy in our data, which could censor miscarriage (Ashcraft and Lang 2006;
Ashcraft, Ferndndez-Val, and Lang 2013; Fletcher and Wolfe 2009) — that is, we may be
including women in the sample who terminated pregnancies that, if not terminated, would have
resulted in miscarriages. If a woman terminated a pregnancy between two births in advance of
a miscarriage she selected out of the miscarriage group and into the no-miscarriage group. If a

woman experienced a loss between births and multiple terminations censoring multiple
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miscarriages, they will not be caught by our exclusion criteria. The absence of information on
abortion also precludes us from calculating bounds on our estimations as outlined by Hotz,

Mullin, and Sanders (1997).

A second limitation of this study is that the estimates likely represent a lower bound for the
impact of miscarriage via stress on investment and child outcomes. We restrict our sample to
maternal fixed effects, thus controlling for maternal time invariant factors that may determine
miscarriage, investment, stress, and child outcomes. However, in doing so we exclude groups
for whom pregnancy loss may be more traumatic such as those with no living children and
those with repeated experience of loss (Huffman, Swanson, and Schwartz 2010). Thus, while
we conclude that miscarriage has a protective effect for subsequent children as increased
investment counteracts increased stress, this cannot be generalized to the entire population of
women who experience pregnancy loss. Finally, while three out of five women give birth
within two years of miscarriage and four out of five women give birth within five years, some
women — particularly older women and those with more than one miscarriage — may select out
of further pregnancy (Smith, Ewings, and Quinlan 2009). While we control for birth spacing
as a fertility decision arising from a previous loss, we do not consider the impact of pregnancy
loss on selecting out of further pregnancy or other household outcomes such as the breakdown
of relationships (Neff and Karney 2004). These are important considerations of the impact of

pregnancy loss that should be examined in follow-on work.

Based on the medical and epidemiological literature, we assume an increased stress-load in the
aftermath of pregnancy loss and on the recognition of subsequent pregnancy (for a review, see
Geller, Kerns, and Klier 2004). However, many studies in this area are based on small samples
and/or have methodological issues. Further work should examine measures of miscarriage-
induced stress and its effect on subsequent outcomes, employing suitably robust methods as in
this study. This would allow for a breakdown of the countervailing influences of stress and
investment on maternal and child outcomes. Furthermore, this study considers only parental
investment. An interesting finding here concerns maternal sick leave, which increases without
a corresponding increase in pregnancy-related illnesses or complications. We interpret this
from the perspective of maternal investment, however it may also highlight differences in
medical practice that could improve birth outcomes. Thus, examining the impact of previous
loss on health service investment would be elucidating from a health policy and practice
perspective. Finally, the cost of maternal human capital decline should be further considered

in the broader implications of miscarriage.
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Pregnancy loss is a common, taboo, and emotionally disruptive event. Arising in part from high
short-term economic costs (estimated at £471 million in the UK annually) and estimates of the
psychological and physical impacts of miscarriage, there is an increasing demand for robust
analyses of the implications of miscarriage and improved supports for those experiencing it
(Quenby et al. 2021). A recent review of the evidence on approaches to treating miscarriage,
concluded that the pervasive attitude of acceptance undermines and risks dismissing the impact
of miscarriage (The Lancet 2021). Thus, this paper is a major contribution to the discourse on
miscarriage through employing careful identification and specification to examine the effect
that pregnancy loss has on subsequent maternal investment and child outcomes. We find that
women with a history of miscarriage between live births significantly increase their investment
in the subsequent pregnancy and see improved birth outcomes for their subsequent child.
However, by mid childhood the impact of miscarriage has become negative for mothers,
indicating the need for long-term supports. As research and understanding on the impact of
miscarriage and other prenatal shocks to mental health continues, investment and long-term

supports are vital considerations.
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Tables and Figures

Table 1 Effect of a previous pregnancy loss on pre-determined variables (income 2 years
before pregnancy)

(1
Prebirth
Income
Miscarriage -2403.418
1577.639
Observations 392310
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Table 3 Effect of a previous pregnancy loss on birth outcomes in the subsequent pregnancy

(1) (2) A3) “4) )
Weight Apgar 1 Apgar 5 C-section Pregnancy
length
Panel A: All
Miscarriage 19.419™ 0.023 0.014 -0.002 -0.014
(6.210) (0.017) (0.012) (0.005) (0.158)
Mean 3561 8.74 9.49 137 279
N 368665 368474 368489 368825 367884
Panel B: Boys
Miscarriage 17.824™ 0.011 0.012 -0.002 0.003
(8.921) (0.025) (0.017) (0.007) (0.230)
Mean 3594 8.72 9.48 139 280
N 189991 189882 189894 190072 189599
Panel C: Girls
Miscarriage 14.112 0.024 0.010 0.001 -0.015
(8.582) (0.024) (0.017) (0.007) (0.217)
Mean 3526 8.76 9.51 135 279
N 178674 178592 178595 178753 178285
Panel D: High educated mother
Miscarriage 12.733" 0.023 0.017 0.005 -0.142
(7.408) (0.021) (0.015) (0.006) (0.188)
Mean 3571 8.75 9.5 133 280
N 240703 240596 240608 240803 240280
Panel E: Low educated mother
Miscarriage 29.140™ 0.016 0.004 -0.012 0.245
(11.256) (0.031) (0.022) (0.008) (0.290)
Mean 3544 8.71 9.48 145 279
N 127962 127878 127881 128022 127604
Panel F: Same father
Miscarriage 9.757 0.006 0.008 0.001 0.010
(6.336) (0.018) (0.013) (0.005) (0.162)
Mean 3563 8.74 9.49 137 280
N 343019 342839 342853 343165 342319
Panel G: School sample
Miscarriage 6.672 0.035 0.021 0.008 -0.081
(11.774) (0.032) (0.022) (0.010) (0.305)
Mean 3565 8.67 9.42 141 280
N 179070 178973 178968 179211 178517

Coefficients and standard errors are reported. Significance levels: * < (.10, ** < 0.05, *** < 0.01. Each set of parameters
is from a separate maternal level fixed effects regression of the outcome variables on miscarriage history (1 = a single
pregnancy loss between births, 0 = no history of pregnancy loss). All specifications include controls for mothers’ civil
status, child gender, parents’ ages, education and earnings, and maternal health (asthma, hypertension, kidney disease,
rheumatism, epilepsy, and diabetes).
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Table 5 Effect of a previous pregnancy loss on the subsequent child’s test scores at age 10

(1) () 3) “4)
All Math English Reading
Panel A: All
Miscarriage -0.023 -0.012 -0.016 -0.021
(0.023) (0.024) (0.028) (0.025)
Mean 0169 0222 .000683 0216
N 179209 176474 164218 174830
Panel B: Boys
Miscarriage -0.022 -0.006 -0.010 -0.023
(0.034) (0.034) (0.041) (0.035)
Mean .0253 .0529 0145 -.00436
N 91840 90469 83937 89429
Panel C: Girls
Miscarriage -0.022 -0.020 -0.021 -0.017
(0.032) (0.033) (0.039) (0.034)
Mean .00805 -.01 -.0137 .0488
N 87369 86005 80281 85401
Panel D: High educated mothers
Miscarriage -0.023 -0.011 -0.011 -0.001
(0.029) (0.029) (0.035) (0.031)
Mean 184 185 105 184
N 115634 114275 106540 113343
Panel E: Low educated mothers
Miscarriage -0.024 -0.014 -0.029 -0.055
(0.040) (0.042) (0.049) (0.042)
Mean -.286 -.278 -.192 -.278
N 63575 62199 57678 61487
Panel F: Same father
Miscarriage -0.027 -0.017 -0.023 -0.021
(0.023) (0.024) (0.028) (0.025)
Mean .0374 0462 .00958 .0395
N 166933 164551 153107 162984

Coefficients and standard errors are reported. Significance levels: * < 0.10, ** < (.05, *** <0.01. Each set of parameters
is from a separate maternal level fixed effects regression of the outcome variables on miscarriage history (1 = a single
pregnancy loss between births, 0 = no history of pregnancy loss). All specifications include controls for mothers’ civil
status, child gender, parents’ ages, education and earnings, and maternal health (asthma, hypertension, kidney disease,

rheumatism, epilepsy, and diabetes).
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Table 6 Effect of pregnancy loss on parental labor market engagement

(1) () 3) “4)
Sickness days  Sickness pay Income Income father
mother 2 years 2 years
Panel A: All
Miscarriage 3.767" 2480.529""" -0.040™" 0.003
(0.876) (582.563) (0.010) (0.007)
Mean 58.5 31104 12.5 13.0
N 368825 368825 327478 339297
Panel B: Boys
Miscarriage 3.634™ 27157517 -0.034™ 0.007
(1.201) (790.5006) (0.014) (0.010)
Mean 58.0 30733 12.5 13.0
N 190072 190072 168631 174761
Panel C: Girls
Miscarriage 3.434™ 1916.897°" -0.040™" -0.001
(1.250) (840.454) (0.014) (0.009)
Mean 59.2 31498 12.5 13.0
N 178753 178753 158847 164536
Panel D: High educated mother
Miscarriage 3.404™ 2502.945™" -0.044™" -0.005
(1.027) (713.620) (0.012) (0.008)
Mean 55.4 30455 12.6 13.1
N 240803 240803 216729 222174
Panel E: Low educated mother
Miscarriage 4.460"" 2518.479™ -0.030" 0.018
(1.568) (957.309) (0.018) (0.013)
Mean 64.5 32324 12.2 12.9
N 128022 128022 110749 117123
Panel F: Same father
Miscarriage 2.984™" 2036.3517" -0.032"" -0.001
(0.891) (595.040) (0.010) (0.007)
Mean 58.5 31113 12.5 13.0
N 343165 343165 306576 316940
Panel G: School sample
Miscarriage 2.981°" 1998.630"* -0.032°" -0.002
(0.902) (604.099) (0.010) (0.007)
Mean 58.4 31124 12.5 13.0
N 339400 339400 303205 313272

Coefficients and standard errors are reported. Significance levels: * < 0.10, ** < (.05, *** <0.01. Each set of parameters
is from a separate maternal level fixed effects regression of the outcome variables on miscarriage history (1 = a single
pregnancy loss between births, 0 = no history of pregnancy loss). All specifications include controls for mothers’ civil
status, child gender, parents’ ages, education and earnings, and maternal health (asthma, hypertension, kidney disease,

rheumatism, epilepsy, and diabetes).
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Table 7 Effect of pregnancy loss on maternal health during the subsequent pregnancy

(1) () 3) 4) (5)
Pregnancy Hypertension Eclampsia Preeclampsia Early
diabetes during preeclampsia
Panel A: All
Miscarriage 0.001 -0.004" 0.000 -0.003 -0.000
(0.002) (0.002) (0.000) (0.003) (0.001)
Mean 0157 .0193 .000453 .032 .0032
N 368825 368825 368825 368825 368825
Panel B: Boys
Miscarriage -0.000 -0.004 0.000 -0.001 -0.001
(0.002) (0.003) (0.000) (0.004) (0.001)
Mean 0158 0194 .000484 0316 .00328
N 190072 190072 190072 190072 190072
Panel C: Girls
Miscarriage 0.002 -0.003 0.000 -0.005 -0.000
(0.002) (0.003) (0.000) (0.004) (0.001)
Mean 0155 0191 .00042 .0324 .00313
N 178753 178753 178753 178753 178753
Panel D: High educated mothers
Miscarriage 0.002 -0.004 0.000 -0.002 0.000
(0.002) (0.003) (0.000) (0.003) (0.001)
Mean 0142 .0202 .00044 .0302 .00306
N 240803 240803 240803 240803 240803
Panel E: Low educated mothers
Miscarriage -0.002 -0.004 -0.000 -0.004 -0.002
(0.003) (0.003) (0.001) (0.005) (0.002)
Mean 0184 0176 .000476 .0355 .00347
N 128022 128022 128022 128022 128022
Panel F: Same father
Miscarriage -0.000 -0.005™ 0.000 -0.001 -0.000
(0.002) (0.002) (0.000) (0.003) (0.001)
Mean 0154 0196 .00046 0319 .00317
N 343165 343165 343165 343165 343165
Panel G: School sample
Miscarriage 0.002 -0.003 -0.000 -0.006 -0.001
(0.002) (0.004) (0.001) (0.005) (0.002)
Mean .00716 .0209 .000547 .0392 .00347
N 179211 179211 179211 179211 179211

Coefficients and standard errors are reported. Significance levels: * < 0.10, ** < (.05, *** <0.01. Each set of parameters
is from a separate maternal level fixed effects regression of the outcome variables on miscarriage history (1 = a single
pregnancy loss between births, 0 = no history of pregnancy loss). All specifications include controls for mothers’ civil
status, child gender, parents’ ages, education and earnings, and maternal health (asthma, hypertension, kidney disease,

rheumatism, epilepsy, and diabetes).
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Table 8 Effect of pregnancy loss on maternal health during pregnancy: primary health care

(1) (2) 3) 4) (%) (6) (7
Total GP ER Simple Consultatio Ultra Sound  Lab Tests
Contacts ns

Panel A: All

Miscarriage 0.404™" 0.385"" 0.018 0.189°" 0.189™ 0.023" 0.159"
(0.110) (0.107) (0.021) (0.065) (0.069) (0.009) (0.058)

Mean 11.5 11.1 418 3.48 7.57 0819 4.5

N 280553 280553 280553 280553 280553 280553 280553

Panel B: Boys

Miscarriage 0.376" 0.343" 0.032 0.180° 0.188" 0.024" 0.137°
(0.154) (0.149) (0.028) (0.090) (0.097) (0.013) (0.082)

Mean 11.5 11.1 416 3.46 7.55 0819 4.49

N 144556 144556 144556 144556 144556 144556 144556

Panel C: Girls

Miscarriage 0.4317" 0.428"" 0.003 0.204" 0.186" 0.023" 0.184"
(0.158) (0.152) (0.031) (0.094) (0.099) (0.013) (0.083)

Mean 11.6 11.1 42 3.49 7.6 0818 4.51

N 135997 135997 135997 135997 135997 135997 135997

Panel D: High

educated

mother

Miscarriage 0.369° 0.3517" 0.018 0.1827 0.162" 0.020° 0.1417
(0.126) (0.123) (0.024) (0.075) (0.081) (0.011) (0.065)

Mean 11 10.6 318 3.32 7.22 0771 431

N 173804 173804 173804 173804 173804 173804 173804

Panel E: Low

educated

mother

Miscarriage 0.480™ 0.460™ 0.021 0.211° 0.244° 0.029° 0.198°
(0.211) (0.202) (0.039) (0.124) (0.129) (0.017) (0.114)

Mean 12.4 11.8 581 3.73 8.14 .0896 4.82

N 106749 106749 106749 106749 106749 106749 106749

Panel F: Same

father

Miscarriage 0.377" 0.355™" 0.022 0.173™ 0.174™ 0.023" 0.137"
(0.108) (0.105) (0.021) (0.063) (0.069) (0.009) (0.056)

Mean 11.4 11 39 3.41 7.5 .08 4.45

N 260723 260723 260723 260723 260723 260723 260723

Panel G: School

sample

Miscarriage 1.000 0.946 0.054 0.594 0.471 0.019 0.459
(1.566) (1.519) (0.207) (0.828) (1.066) (0.078) (0.661)

Mean 9.86 9.53 332 2.49 6.8 .0029 3.61

N 60787 60787 60787 60787 60787 60787 60787

Coefficients and standard errors clustered at mothered level are reported. Significance levels: * < 0.10, ** < (.05, *** <
0.01. Each set of parameters is from a separate maternal level fixed effects regression of the outcome variables on
miscarriage history (1 = a single pregnancy loss between births, 0 = no history of pregnancy loss). All specifications include
controls for mothers’ civil status, child gender, parents’ ages, education and earnings.

51



[4S

(€90°0) (£00°0) (600°0) (9L0°0) (+00°0) (9L0°0) (920°0) (L80°0)
LLLLTO €00°0- L00°0 3600 ,,600°0- 1L0°0 620°0- ...S0¥°0 oZeLLIBOSIIA
oyes
QuiesS ﬁoﬁmm
6,901 6,901 6,901 6,901 6,901 6,901 6¥L901 6,901 N
€9°C 10S00° 6£50° 619 vTTo’ % 6LE v1'6 UBIN
(S11°0) (S00°0) (810°0) (F€1°0) (900°0) (L¥1°0) (¢L0O0) (851°0)
SLT'0 000°0 L10°0 .0LT0 600°0- 2110 0100 W IEV0 oZeLLIBOSIIA
HDQHOE Uoﬁwozﬁu MOT ﬁoﬁmm
Y08€ELI Y08€ELI Y08ELT Y08ELI Y08ELT Y08ELT Y08ELT Y08€ELT N
8T 15500° €LEO L09 ¥020" LEE 374 LE'8 UBdA
(¥L0°0) (S00°0) 010°0) (060°0) (S00°0) (060°0) (LT00) (€01°0)
..861°0 £00°0- £00°0 ..STTO ,600°0- 090°0 €10°0- LLPIP0 oSeLLIROSTIA
H@QHOE ﬁoamoguo &wmm d Eﬁmm
L66SET L66SET L66SET L66SET L66SET L66SET L66SET L66SET N
vv'C €500 SSH0° ¥T9 v120° 9°¢ 96T L8 UBIN
(060°0) (900°0) (¥10°0) (801°0) (S00°0) (601°0) (0v0°0) (sz1°0)
LP1T0 200°0 800°0 L3YT0 L00°0- 990°0 ¥20°0- ..SST'0 oFeLLIBOSIIA
SHID 1D [oued
965t 1 965t 1 9GSt 1 965t 9G5St 1 9SSt 1 9GSt 1 955t 1 N
6€°C TTS00° 81+0° 179 6020’ 9¢ €67 79'8 UBIN
(880°0) (#00°0) (z10°0) (¥01°0) (S00°0) (111°0) (9%0°0) (0z1°0)
LELTO .900°0- 800°0 LLTTO ,.C10°0- $80°0 1100 880 oZeLLIBOSIIA
skog :g [oued
€5508¢ €5508¢ €5508¢ €5508¢ €5508¢ €5508¢ €5508C €5508¢ N
e T€500° 9¢H0° €79 4k} 19°¢ v6T 99'8 UBIN
(€90°0) (€00°0) (600°0) (5L0°0) (+00°0) (8,0°0) (1€0°0) (L80°0)
...061°0 €00°0- 800°0 L 6ET0 ,,600°0- 9L0°0 L00°0- ...0Tr0 oSeLLIROSTIA
IV 'V [oued
pare[y
SUIdOUO0)) Koueu3aig paredy
Y0 uorsudadAy $319qRI( Koueugaig uondooenuo)) JON [ea130[0y24Asq Koueugaig
(8) L) 9 (9] (¥) (€) (@ (D

a1ed yyredy Arewnid Sunmp sasougerp :Adueugard SuLmp yiedy [eurdjewt uo ssof Aoueusaid Jo 109 H 6 JqeL



€S

‘sguruIed pue uoneonps ‘sode  syuared ‘IOpuds PIIYO ‘SNILIS [IAIO SIOYIOW J0J S[OIUOD 9pN[oul
suoneoy10ads [Ty *(ssof Aoueugaxd Jo K1031SIY oU = () ‘SYMIQ U0aMIdq ssO] Aourudard o[3urs € = ) A103SIY SFBLIIBOSIW UO SI[QBLIEA SWOIINO Y} JO UOISSAIZI S}00JJO PIXI [AI]
[eurayew ojeredas & woig s s1ojowered J0 39S YORH '10°0 > sxx SO0 > s ‘010 > % -S[OA] 90UedIUSIS ‘Po3iodal oIe [9AJ] PAISYIOW J& POIdISN]O SIOLID PIepue)s PUe SJUSIdILJO0))

L8LO9 L8LO9 L8L0O9 L8LO9 L8LO9 L8LO9 L8LO9 L8LO9 N

€6'1 9ty 00 ILTO 88'¢ 8610 ILCT LTT 8L UBINl
(86L°0) (900°0) (990°0) (6S1°1) (z€0°0) (#09°'1) (€LT°0) (coc1)

L9T0 €000 100°0- 899°0 800°0- (439 0100 7260 93 eLLIBOSI]A

ordwes

[00Y9S D) [dued

€CL09C €CL09C €CL09T €CL09C €CL09T €CL09T €CL09C €CL09C N

8¢'C ¢es00 534 619 S0c0 423 9T 658 UBIIN




Table 10 Effect of pregnancy loss on maternal health in primary care visits in the years after birth

(1) (2) 3) 4) (5) (0) (7)

years 1 2 3 4 5 6 7

Panel A: All

Miscarriage -0.384™" -0.938™ -0.713™" -0.350™ -0.082 -0.051 -0.083
(0.092) (0.113) (0.118) (0.112) (0.115) (0.111) (0.111)

Mean 5.67 7.36 7.11 6.64 6.48 6.39 6.25

N 301008 320039 324829 327319 321939 310213 295362

Panel B: Boys

Miscarriage -0.284" -0.860"" -0.680""" -0.444™" 0.036 0.010 0.001
(0.132) (0.160) (0.167) (0.159) (0.163) (0.158) (0.157)

Mean 5.68 7.37 7.1 6.65 6.48 6.38 6.25

N 155118 164847 167341 168615 165812 159757 152036

Panel C: Girls

Miscarriage -0.399" -0.873™" -0.718™" -0.256 -0.204 -0.105 -0.167
(0.129) (0.159) (0.166) (0.158) (0.162) (0.156) (0.156)

Mean 5.66 7.35 7.13 6.62 6.47 6.39 6.25

N 145890 155192 157488 158704 156127 150456 143326

Panel D: High

educated

mother

Miscarriage -0.228" -0.905™" -0.701™" -0.236" -0.048 -0.096 -0.080
(0.103) (0.133) (0.137) (0.129) (0.132) (0.127) (0.128)

Mean 5.06 6.86 6.52 591 5.73 5.62 5.46

N 185931 197180 199563 200643 196523 188354 178320

Panel E: Low

educated

mother

Miscarriage -0.620°"" -0.9217"" -0.687"° -0.536" -0.118 0.018 -0.083
(0.181) (0.207) (0.219) (0.209) (0.213) (0.204) (0.199)

Mean 6.66 8.16 8.05 7.79 7.64 7.57 7.47

N 115077 122859 125266 126676 125416 121859 117042

Panel F: Same

father

Miscarriage -0.399"" -0.8737 -0.661°"° -0.301°"" -0.055 -0.074 -0.083
(0.091) (0.113) (0.117) 0.111) (0.113) (0.110) (0.109)

Mean 5.53 7.23 6.95 6.44 6.26 6.16 6.01

N 279829 297673 302544 305254 300112 288846 274616

Panel G:

School sample

Miscarriage -0.638 -0.877" -0.128 -0.096 -0.111 0.056 -0.015
(0.634) (0.485) (0.353) (0.264) (0.229) (0.187) (0.162)

Mean 5.08 6.8 6.65 6.23 6.08 6.03 5.89

N 80159 98200 114802 130180 142291 151838 159875

Coefficients and standard errors clustered at mothered level are reported. Significance levels: * < 0.10, ** < 0.05, *** <
0.01. Each set of parameters is from a separate maternal level fixed effects regression of the outcome variables on
miscarriage history (1 = a single pregnancy loss between births, 0 = no history of pregnancy loss). All specifications include
controls for mothers’ civil status, child gender, parents’ ages, education and earnings.
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Table 11 Number of primary care visits during the first year after pregnancy: diagnoses

(1) () 3) 4) ()
Unspecified Blood, Digestive Ear, Eye Cardiovascular N
Immune
System
Miscarriage -0.048 -0.003 -0.013 0.030 -0.004
(0.034) (0.010) (0.026) (0.023) (0.011)
mean 941 0772 396 243 1
N 301008 301008 301008 301008 301008
Psychological Respiratory Skin Endocrine Urological
(
Miscarriage -0.012 -0.029 0.011 -0.016 -0.002
(0.034) (0.025) (0.019) (0.023) (0.012)
mean 464 .663 364 31 134
N 301008 301008 301008 301008 301008

Coefficients and standard errors clustered at mothered level are reported. Significance levels: * < 0.10, ** < 0.05, *** <
0.01. Each set of parameters is from a separate maternal level fixed effects regression of the outcome variables on
miscarriage history (1 = a single pregnancy loss between births, 0 = no history of pregnancy loss). All specifications include
controls for mothers’ civil status, child gender, parents’ ages, education and earnings.
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Table 12 Number of primary care visits during the second year after pregnancy: diagnoses

(1 2) 3) “ ) (6)
Unspecified Blood, Digestive Ear, Eye Cardiovascular Musculo
Immune al

System
Miscarriage -0.063" -0.008 -0.013 0.009 0.005 0.01
(0.038) (0.011) (0.027) (0.029) (0.013) (0.04
mean 1.15 .0869 464 283 114 .85¢
N 320039 320039 320039 320039 320039 3200
Psychological Respiratory Skin Endocrine Urological Pregna
Contrace
Miscarriage 0.019 0.015 0.015 0.004 -0.009 -0.97¢
(0.041) (0.029) (0.018) (0.022) (0.013) (0.08
mean .657 .895 344 312 175 2.3
N 320039 320039 320039 320039 320039 3200

Coefficients and standard errors clustered at mothered level are reported. Significance levels: * < 0.10, ** < (.05, *** <
0.01. Each set of parameters is from a separate maternal level fixed effects regression of the outcome variables on
miscarriage history (1 = a single pregnancy loss between births, 0 = no history of pregnancy loss). All specifications include
controls for mothers’ civil status, child gender, parents’ ages, education and earnings.
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Table 13 Number of primary care visits during the third year after pregnancy: diagnoses

1) ) 3) “) (%) (
Unspecified Blood, Digestive Ear, Eye Cardiovascular Muscu
Immune :

System
Miscarriage -0.032 -0.011 0.016 0.001 -0.018 0.(
(0.042) (0.011) (0.027) (0.030) (0.014) (0.
mean 1.17 .0859 43 284 125 R
N 324829 324829 324829 324829 324829 32¢
Psychological Respiratory Skin Endocrine Urological Preg;
Contre
Miscarriage 0.058 0.018 0.029 -0.021 -0.005 -0.8
(0.043) (0.031) (0.020) (0.022) (0.014) (0.
mean 677 .834 .347 311 173 2
N 324829 324829 324829 324829 324829 32¢

Coefficients and standard errors clustered at mothered level are reported. Significance levels: * < 0.10, ** < 0.05, *** <
0.01. Each set of parameters is from a separate maternal level fixed effects regression of the outcome variables on
miscarriage history (1 = a single pregnancy loss between births, 0 = no history of pregnancy loss). All specifications include
controls for mothers’ civil status, child gender, parents’ ages, education and earnings.
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Appendix
Appendix A1l Nulliparity

Table Ala Effect of a pregnancy loss before the birth of the first child on maternal health during
pregnancy

(1) (2) 3) “4) (5)
Gestational Pre- Early pre-
diabetes Hypertension  Eclampsia eclampsia eclampsia

Panel A: All

Miscarriage 0.001 0.003** 0.000 0.007%** 0.000
0.001 0.001 0.000 0.002 0.001

N 383712 383712 383712 383712 383712

Panel B: Boys

Miscarriage 0.002 0.000 0.000 0.006%** 0.001
0.001 0.002 0.000 0.002 0.001

N 198172 198172 198172 198172 198172

Panel C: Girls

Miscarriage -0.002 0.004** 0.000 0.004* -0.001
0.001 0.002 0.000 0.002 0.001

N 185540 185540 185540 185540 185540

Panel D: High educated mothers

Miscarriage 0.002 0.002 0.000 0.007%** 0.001
0.001 0.002 0.000 0.002 0.001

N 246326 246326 246326 246326 246326

Panel E: Low educated mothers

Miscarriage -0.001 0.004* 0.000 0.005** 0.000
0.002 0.002 0.000 0.003 0.001

N 137386 137386 137386 137386 137386

Panel F: Same father

Miscarriage 0.001 0.002 0.000 0.005%*** 0.000
0.001 0.001 0.000 0.002 0.001

N 357314 357314 357314 357314 357314

Coefficients and standard errors are reported. Significance levels: * < 0.10, ** < (0.05, *** < 0.01. Each set of parameters
is from a separate maternal level fixed effects regression of the outcome variables on miscarriage history (1 = a single
pregnancy loss between births, 0 = no history of pregnancy loss). All specifications include controls for mothers’ civil
status, child gender, parents’ ages, education and earnings, and maternal health (asthma, hypertension, kidney disease,
rheumatism, epilepsy, and diabetes). The sample is restricted to mothers of two children who had at most a single
miscarriage, which occurred before their first live birth. Point estimates are for their first born child, conditional on the
outcomes of their second child.
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Appendix A2 Non-smokers

Table A2a Non-smokers: Effect of a previous pregnancy loss on maternal investment in the
subsequent pregnancy

(1) 2) 3) 4) ()
Folic acid Folic acid Multivitamin ~ Multivitamin
before after before after Ultrasound
Panel A: All
Miscarriage 0.095%** 0.029%** 0.025%** 0.017%** -0.003*
0.005 0.005 0.004 0.006 0.002
N 244848 244848 244848 244848 244848
Panel B: Boys
Miscarriage 0.092%** 0.031%%** 0.022%** 0.013 -0.005%*
0.007 0.007 0.006 0.008 0.002
N 126518 126518 126518 126518 126518
Panel C: Girls
Miscarriage 0.100%** 0.030%** 0.029%** 0.024%** -0.001
0.008 0.007 0.006 0.008 0.002
N 118330 118330 118330 118330 118330
Panel D: High educated mothers
Miscarriage 0.097%** 0.026%** 0.026%** 0.023%*%* -0.003*
0.007 0.006 0.005 0.007 0.002
N 167928 167928 167928 167928 167928
Panel E: Low educated mothers
Miscarriage 0.100%** 0.030%%** 0.029%** 0.024%** -0.001
0.008 0.007 0.006 0.008 0.002
N 118330 118330 118330 118330 118330
Panel F: Same father
Miscarriage 0.096*** 0.030%%** 0.025%** 0.018%%** -0.004**
0.006 0.005 0.005 0.006 0.002
N 232296 232296 232296 232296 232296

Coefficients and standard errors are reported. Significance levels: * < 0.10, ** < (.05, *** < 0.01. Each set of parameters
is from a separate maternal level fixed effects regression of the outcome variables on miscarriage history (1 = a single
pregnancy loss between births, 0 = no history of pregnancy loss). All specifications include controls for mothers’ civil
status, child gender, parents’ ages, education and earnings, and maternal health (asthma, hypertension, kidney disease,
rheumatism, epilepsy, and diabetes). The sample is restricted to non-smokers.
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Table A2b Non-smokers: Effect of a previous pregnancy loss on birth outcomes in the subsequent
pregnancy

(1) 2) 3) “) (5)
Weight Gestation
(grams) Apgar 1 Apgar 5 C-section (weeks)
Panel A: All
Miscarriage 21.021%** 0.007 0.008 -0.001 0.002
5.111 0.014 0.01 0.004 0.129
N 244630 244376 244398 244848 243604
Panel B: Boys
Miscarriage 23.850%** -0.006 0.007 -0.007 0.061
7.232 0.02 0.015 0.005 0.184
N 126410 126260 126278 126518 125906
Panel C: Girls
Miscarriage 12.180* 0.013 0.005 0.006 -0.051
7.19 0.02 0.015 0.006 0.181
N 118220 118116 118120 118330 117698
Panel D: High educated mothers
Miscarriage 17.668%** 0.005 0.005 0.002 -0.006
6.095 0.017 0.012 0.005 0.154
N 167786 167642 167658 167928 167162
Panel E: Low educated mothers
Miscarriage 24.680%** 0.006 0.012 -0.006 -0.003
9.363 0.027 0.019 0.007 0.237
N 76844 76734 76740 76920 76442
Panel F: Same father
Miscarriage 11.162%* -0.006 0.001 0.001 0.011
5.257 0.015 0.011 0.004 0.133
N 232090 231850 231874 232296 231134

Coefficients and standard errors are reported. Significance levels: * < 0.10, ** < 0.05, *** < 0.01. Each set of parameters
is from a separate maternal level fixed effects regression of the outcome variables on miscarriage history (1 = a single
pregnancy loss between births, 0 = no history of pregnancy loss). All specifications include controls for mothers’ civil
status, child gender, parents’ ages, education and earnings, and maternal health (asthma, hypertension, kidney disease,
rheumatism, epilepsy, and diabetes). The sample is restricted to non-smokers.
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Table A2c Non-smokers: Effect of a previous pregnancy loss on school outcomes in the subsequent
pregnancy

(D 2) 3) 4
GPA Math English Reading

Panel A: All

Miscarriage -0.246 -0.077 -0.094 0.001
0.468 0.177 0.219 0.134

N 84410 80530 66496 79198

Panel B: Boys

Miscarriage 0.185 0.098 0.121 -0.047
0.67 0.255 0.316 0.191

N 43342 41290 33886 40408

Panel C: Girls

Miscarriage -0.638 -0.262 -0.288 0.056
0.655 0.246 0.304 0.188

N 41068 39240 32610 38790

Panel D: High educated mothers

Miscarriage -0.318 -0.089 -0.059 0.201
0.568 0.212 0.265 0.16

N 57414 55366 45802 54556

Panel E: Low educated mothers

Miscarriage -0.188 -0.064 -0.246 -0.448*
0.832 0.322 0.392 0.246

N 26996 25164 20694 24642

Panel F: Same father

Miscarriage -0.094 -0.025 -0.078 0.071
0.478 0.181 0.224 0.137

N 81228 77704 64204 76384

Coefficients and standard errors are reported. Significance levels: * < 0.10, ** < 0.05, *** < 0.01. Each set of parameters
is from a separate maternal level fixed effects regression of the outcome variables on miscarriage history (1 = a single
pregnancy loss between births, 0 = no history of pregnancy loss). All specifications include controls for mothers’ civil
status, child gender, parents’ ages, education and earnings, and maternal health (asthma, hypertension, kidney disease,
rheumatism, epilepsy, and diabetes). The sample is restricted to non-smokers.
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Table A2d Non-smokers: Effect of a previous pregnancy loss on parental labor market engagement

(1) ) 3) (4)
Sick days Sick pay Maternal income Paternal income
pregnancy pregnancy 2 years 2 years
Panel A: All
Miscarriage 3.551%** 2119.732%** -0.034%** 0.008
0.693 471.353 0.008 0.005
N 244848 244848 192860 203180
Panel B: Boys
Miscarriage 3.156%** 2311.211%** -0.035%** 0.004
0.999 681.012 0.011 0.007
N 120038 120038 95072 99868
Panel C: Girls
Miscarriage 2.607** 1102.071 -0.025%** 0.000
1.02 697.274 0.011 0.007
N 112258 112258 89490 93840
Panel D: High educated mothers
Miscarriage 2.328%** 1520.428%** -0.032%*x* 0.001
0.826 586.252 0.009 0.006
N 162270 162270 130326 135174
Panel E: Low educated mothers
Miscarriage 4.160%** 2270.302%** -0.022 0.006
1.389 870.918 0.015 0.01
N 70026 70026 54236 58534
Panel F: Same father
Miscarriage 2.939%#* 1766.503*** -0.030%*** 0.002
0.714 487.254 0.008 0.005
N 232296 232296 184562 193708

Coefficients and standard errors are reported. Significance levels: * < 0.10, ** < 0.05, *** < (0.01. Each set of parameters
is from a separate maternal level fixed effects regression of the outcome variables on miscarriage history (1 = a single
pregnancy loss between births, 0 = no history of pregnancy loss). All specifications include controls for mothers’ civil
status, child gender, parents’ ages, education and earnings, and maternal health (asthma, hypertension, kidney disease,
rheumatism, epilepsy, and diabetes). The sample is restricted to non-smokers.
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Table A2e Non-smokers: Effect of a previous pregnancy loss on maternal physical health in the
subsequent pregnancy

(1) (2) 3) “4) (5)
Gestational Pre- Early pre-
diabetes Hypertension Eclampsia eclampsia eclampsia

Panel A: All

Miscarriage -0.001 -0.004** 0.000 -0.003 0.000
0.001 0.002 0.000 0.002 0.001

N 244848 244848 244848 244848 244848

Panel B: Boys

Miscarriage -0.001 -0.004 0.000 -0.002 0.000
0.002 0.002 0.000 0.003 0.001

N 126518 126518 126518 126518 126518

Panel C: Girls

Miscarriage 0.000 -0.003 0.000 -0.004 0.000
0.002 0.002 0.000 0.003 0.001

N 118330 118330 118330 118330 118330

Panel D: High educated mothers

Miscarriage 0.000 -0.004** 0.000 -0.004 0.000
0.002 0.002 0.000 0.003 0.001

Observations 167928 167928 167928 167928 167928

Panel E: Low educated mothers

Miscarriage -0.001 -0.003 -0.001 -0.002 -0.001
0.003 0.003 0.001 0.004 0.001

N 76920 76920 76920 76920 76920

Panel F: Same father

Miscarriage -0.001 -0.004** 0.000 -0.001 0.000
0.001 0.002 0.000 0.002 0.001

Observations 232296 232296 232296 232296 232296

Coefficients and standard errors are reported. Significance levels: * < 0.10, ** < 0.05, *** < 0.01. Each set of parameters
is from a separate maternal level fixed effects regression of the outcome variables on miscarriage history (1 = a single
pregnancy loss between births, 0 = no history of pregnancy loss). All specifications include controls for mothers’ civil
status, child gender, parents’ ages, education and earnings, and maternal health (asthma, hypertension, kidney disease,
rheumatism, epilepsy, and diabetes). The sample is restricted to non-smokers.

64



Number of GP visits post during pregnancy

(1) (2) 3) “4) (5) (6) (7)
1 2 3 4 5 6 7
Miscarriage -0.302"°  -0.849""  -0.663"7  -0.338"" -0.088 -0.058 -0.068
(0.088) (0.109) (0.114) (0.108) (0.110) (0.107) (0.107)
mean 5.33 6.94 6.71 6.25 6.1 6.03 5.9
N 301008 320039 324829 327319 321939 310213 295362
Boys
Miscarriage -0.190 0.76777 -0.62777  -0.446™" 0.019 0.010 0.024
(0.125) (0.154) (0.160) (0.153) (0.155) (0.152) (0.151)
mean 5.34 6.95 6.69 6.26 6.1 6.02 5.9
N 155118 164847 167341 168615 165812 159757 152036
Girls
Miscarriage 03317 -0.789™"  -0.672"" -0.229 -0.199 -0.117 -0.158
(0.123) (0.153) (0.161) (0.151) (0.157) (0.150) (0.151)
mean 533 6.93 6.73 6.24 6.1 6.03 591
N 145890 155192 157488 158704 156127 150456 143326
High educated mother
Miscarriage -0.157 -0.822""  -0.6627" -0.231" -0.059 -0.100 -0.060
(0.098) (0.129) (0.132) (0.124) (0.128) (0.123) (0.124)
mean 4.79 6.52 6.2 5.59 5.42 5.32 5.17
N 185931 197180 199563 200643 196523 188354 178320
Low educated mother
Miscarriage 0.5217"  -0.8177"  -0.618"" -0.510™ -0.115 0.006 -0.074
(0.171) (0.199) (0.209) (0.200) (0.201) (0.195) (0.191)
mean 6.21 7.63 7.53 7.29 7.16 7.12 7.02
N 115077 122859 125266 126676 125416 121859 117042
Same father
Miscarriage 0308 -0.779™"  -0.610""  -0.285"" -0.061 -0.080 -0.061
(0.087) (0.109) (0.113) (0.107) (0.108) (0.106) (0.106)
mean 521 6.84 6.58 6.07 5.9 5.82 5.68
N 279829 297673 302544 305254 300112 288846 274616
School sample
Miscarriage -0.502 -0.829° -0.105 -0.074 -0.102 0.053 0.011
(0.603) (0.471) (0.339) (0.255) (0.216) (0.182) (0.158)
mean 4.76 6.42 6.29 5.89 5.76 5.73 5.62
N 80159 98200 114802 130180 142291 151838 159875

Coefficients and standard errors clustered at mothered level are reported. Significance levels: * < 0.10, ** < 0.05, *** <
0.01. Each set of parameters is from a separate maternal level fixed effects regression of the outcome variables on
miscarriage history (1 = a single pregnancy loss between births, 0 = no history of pregnancy loss). All specifications include
controls for mothers’ civil status, child gender, parents’ ages, education and earnings.
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Number of ER visits post during pregnancy

(1) (2) 3) “4) (5) (6) (7
1 2 3 4 5 6 7
Miscarriage -0.082"  -0.090""  -0.049"" -0.012 0.006 0.007 -0.015
(0.018) (0.019) (0.019) (0.019) (0.018) (0.017) (0.017)
mean 334 416 397 387 376 361 349
N 301008 320039 324829 327319 321939 310213 295362
Boys
Miscarriage -0.094™"  -0.093™"  -0.053" 0.002 0.017 0.000 -0.023
(0.026) (0.025) (0.027) (0.025) (0.026) (0.024) (0.024)
mean 34 419 4 391 381 363 352
N 155118 164847 167341 168615 165812 159757 152036
Girls
Miscarriage -0.0687"  -0.084"7  -0.046 -0.026 -0.006 0.012 -0.009
(0.025) (0.028) (0.026) (0.028) (0.024) (0.023) (0.025)
mean 329 413 394 383 371 36 347
N 145890 155192 157488 158704 156127 150456 143326
High educated mother
Miscarriage -0.0717"  -0.083""  -0.039° -0.004 0.010 0.003 -0.020
(0.020) (0.022) (0.022) (0.021) (0.019) (0.018) (0.017)
mean 265 344 323 316 312 3 29
N 185931 197180 199563 200643 196523 188354 178320
Low educated mother
Miscarriage -0.099"  -0.104™"  -0.069" -0.026 -0.002 0.011 -0.008
(0.034) (0.033) (0.035) (0.035) (0.035) (0.031) (0.035)
mean 447 532 515 498 477 455 44
N 115077 122859 125266 126676 125416 121859 117042
Same father
Miscarriage -0.0917"  -0.095™"  -0.051"" -0.017 0.006 0.006 -0.022
(0.018) (0.019) (0.018) (0.018) (0.017) (0.016) (0.015)
mean 316 395 376 366 356 341 329
N 279829 297673 302544 305254 300112 288846 274616
School sample
Miscarriage -0.136 -0.047 -0.023 -0.022 -0.009 0.003 -0.026
(0.110) (0.070) (0.054) (0.035) (0.036) (0.025) (0.021)
mean 318 381 364 343 321 299 27
N 80159 98200 114802 130180 142291 151838 159875

Coefficients and standard errors clustered at mothered level are reported. Significance levels: * < 0.10, ** < 0.05, *** <
0.01. Each set of parameters is from a separate maternal level fixed effects regression of the outcome variables on
miscarriage history (1 = a single pregnancy loss between births, 0 = no history of pregnancy loss). All specifications include

controls for mothers’ civil status, child gender, parents’ ages, education and earnings.
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