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Another Look at Returns to Birthweight

By SHIKO MARUYAMA AND ESKIL HEINESEN *

We revisit the causal effect of birthweight. Because variation in
birthweight in developed countries primarily stems from variation
in gestational age rather than intrauterine growth restriction, we
depart from the widely-used twin fixed-effects estimator and
employ an instrumental variable — the diagnosis of placenta
previa, which provides exogenous variation in gestation length.
We find protective effects of additional birthweight against infant
mortality and health capital loss, such as cerebral palsy, but in
contrast to sibling and twin studies, no strong evidence for non-
health long-run outcomes, such as test scores. We also find that
short-run birthweight effects have diminished significantly over
the decades. (JEL C26; 118; J13; J24; O15)
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A large interdisciplinary literature has documented the association between
premature infants (defined by gestational age or birthweight) and various later-
life outcomes, from long-term morbidities such as respiratory disorders,
neurodevelopmental disabilities, insulin resistance, and hypertension (Institute
of Medicine, 2007) to socio-economic outcomes, such as academic achievement
and labor market success, as well as societal costs (Behrman and Rosenzweig,
2004; Almond et al., 2005; Miller et al., 2005; Conley et al., 2006; Black et al.,
2007; Figlio et al., 2014; and Bharadwaj et al., 2017A). A key question of policy
importance is to what extent the association between prematurity and later-life
outcomes reflects causation because a weak causal link implies limited returns
to interventions. This is a global and stringent policy issue because advances in
neonatal care have resulted in significant worldwide improvements in the
survival of premature infants (Institute of Medicine, 2007). The majority of
recent causal studies achieve the identification of birthweight effects by
comparing twins born to the same mother who differ in their weights at birth.
This approach works because this twin fixed-effects estimator allows
researchers to focus on the causal effect of interest by holding constant other
hard-to-measure factors that may affect both birthweight and later outcomes,
such as the mother’s health knowledge and risky behaviors.

However, the twin fixed-effects estimator also holds gestational age constant.
This means that researchers identify the effect of variations in birthweight
driven by variations in intrauterine growth restriction (IUGR) within twin pairs
(Behrman and Rosenzweig, 2004; Almond et al., 2005). This fact calls into
question the common view that there is a single parameter called the return to
birthweight, which can be identified by the twin fixed-effects estimator. Indeed,
IUGR is not the primary determinant of birthweight. Almond et al. (2005)
clarify this point using US twin data, and state that “despite the significant
contribution of gestation length to variation in birth weight, the emphasis of the
literature has instead been on intrauterine growth retardation.” Kramer (1987)
also notes that, in developed countries, “intrauterine growth retardation is far



less prevalent. Not only are low birth weight rates much lower, but most low
birth weight babies are premature rather than growth retarded.” This conceptual
issue arises because researchers have used birthweight as a proxy for neonatal
health. Although the wide availability of birthweight data has motivated its use
in the literature, there are numerous determinants of birthweight, from genes to
in-utero environment to the timing of birth, which obscure what we mean by the
effect of neonatal health. In the monozygotic-twin fixed-effects estimator, the
above-mentioned determinants of birthweight are all removed (leaving variation
in nutrition intake within the twin pair as the cause of birthweight variation),
whereas the effects of these determinants all remain in the sibling fixed-effects
estimator, and as discussed below, the studies on siblings and twins report
substantially different results.

In this paper, we depart from the fixed-effects approach by employing a new
instrumental variable (V) to estimate the effect of variations in birthweight
driven predominantly by variations in gestational-age rather than IUGR.
Because the overall variation in birthweight in developed countries primarily
derives from variation in gestational age rather than IUGR, this approach
comprises an important supplement to twin studies. Furthermore, gestation can
be directly influenced by medical interventions, at least to some limited extent,
whereas genetic factors and much of the in-utero environment cannot.
Schulkind and Shapiro (2014), Lalumia et al. (2015), and Borra et al. (2016)
find evidence for shifting the timing of birth to shorten gestation, whereas Jirges
(2016) studies the effect of delaying birth.

Our IV is the diagnosis of an obstetric complication called placenta previa, in
which the placenta is abnormally positioned in the lowest part of the uterus. The
condition is rather unpredictable and often results in lower birthweight by
premature birth. There are a small number of known risk factors, but our data
allow us to control for them and thus avoid bias due to confounders. Placenta
previa occurs merely as an abnormal position of the placenta, hence it has little

long-term impact on children except for effects via immaturity, whereas most



other serious obstetric and neonatal conditions, such as maternal cancer and
malformation of the fetus, have significant direct consequences. This IV
approach therefore enables us to infer the causal effect of birthweight that
reflects maturity at birth but not IUGR, genetic factors, or congenital anomaly.

We take advantage of administrative birth records in Denmark between 1981
and 2013. We investigate an extensive set of outcomes: mortality, morbidity,
hospitalization, test scores, labor market outcomes, income, disability pension,
teen pregnancy, birthweight of the subjects’ children, criminal tendency, height,
and weight. Utilizing the data from more than three decades, we also study the
dynamics of the birthweight effect across and within birth cohorts.

Because of the different approaches for identification, our results are
remarkably different from those of sibling and twin studies. Most of these
studies have found significant long-term birthweight effects on health,
cognitive, and socioeconomic outcomes, with magnitudes often similar to or
even larger than ordinary least squares (OLS) estimates (Conley and Bennett,
2000; Conley and Bennett, 2001; Behrman and Rosenzweig, 2004; Black et al.,
2007; Currie and Moretti, 2007; Oreopoulos et al., 2008; Royer, 2009). At the
same time, when infant mortality and infant health are studied, whereas sibling
fixed-effects estimates tend to be similar to OLS estimates (at least
qualitatively), most of the twin fixed-effects estimates yield substantially
smaller birthweight effects relative to their OLS counterparts (Almond et al.,
2005; Conley et al., 2006; Black et al., 2007; Oreopoulos et al., 2008). These
findings of twin studies appear to imply that the correlation between birthweight
and infant health is largely non-causal, yet that birthweight does have long-term
effects.

Our results are summarized as follows. First, additional birthweight has
significant positive causal effects on child health by reducing mortality and
permanent health capital loss, such as neurodevelopmental disability and mental
retardation. Second, the effect of birthweight on health diminishes as a child

grows older. Third, for most non-health outcomes of adolescents and young



adults, such as test scores and crime tendency, we find no significant effect.
Fourth, the effect of birthweight on infant health has diminished significantly
over the last three decades. Our results indicate that the main driver behind the
long-term effect of immature birth is permanent health capital loss incurred
around birth. If an infant survives without permanent disabilities, birthweight is
no longer a critical initial condition. This conclusion emphasizes significant
returns to perinatal interventions to reduce premature birth and avoid long-term
morbidities. This is consistent with the causal study of neonatal care by
Bharadwaj et al. (2013). Explaining the differences between our findings and
findings in the twin studies is beyond the scope of this work, but we replicate
twin fixed-effects estimates to show that the patterns found in the twin studies
hold in our data of twins as well.

We provide extensive discussion of the validity of our IV. We show that
placenta previa is one of the most unpredictable obstetric complications. It is
also rather unpredictable compared to various birth outcomes, which include
IVs widely used in the literature. There are only a few known risk factors for
placenta previa, and they are observable in our data and hence can be controlled
in our regression analysis. We also show that our results are robust to omitting
these risk factors from our regressions. Even when the IV validity does not hold
exactly, our bias simulation shows that large bias is unlikely under mild
assumptions due to the large explanatory power of placenta previa in the first-
stage regression. We also address concerns about the effects of cesarean section

and behavioral response in subsequent pregnancies.
I. Empirical Framework
A. Setup
For the statistical analysis of birthweight effect, we use the following model,

(1) Vi = Xl'gx + QBWIHBWi + e,



where y; represents an outcome of child i; X; is a vector of observable variables
at the beginning of pregnancy including a constant term; InBW; is child i’s
birthweight in logs; 8’s are unknown parameters; and e; is an error term that
captures unobserved determinants of y;. We use the log of birthweight as our
main treatment variable following Black et al. (2007) who examine the
explanatory power of various birthweight measures, such as BW;, InBW;, and
indicators for low birthweight, and find that InBW; fits best for their outcome
variables. A non-linear relationship between y; and InBW;, however, may well
exist. For example, the high risk of very large birthweight has been widely
documented in the literature. We nevertheless rely on the linear specification
for several reasons. First, the linear model facilitates comparison of birthweight
effects across various outcomes. Second, it also facilitates comparison with
previous studies, since it is a standard specification in the literature (Black et al.,
2007; Oreopoulos et al., 2008). Third, the use of instruments and fixed effects
is straightforward. Fourth, Black et al. (2007) report that different measures of
birthweight tend to provide consistent results. We also find that our results
change little if we use non-log birthweight. Lastly, the log of BW; has an
intuitive interpretation — diminishing returns to birthweight. We also report the
results of three specifications with different low birthweight dummies: (1)
birthweight less than 3,500 gram (approximately the average birthweight in our
sample), (2) birthweight less than 2,500 gram (low birthweight, or LBW), and
(3) birthweight less than 1,500 gram (very low birthweight, or VLBW). These
models allow us to examine whether birthweight effects are concentrated

around the very low end of the birthweight distribution.
B. Placenta Previa

The OLS estimate of 8z, in (1) will have no causal interpretation if
unobserved determinants of birthweight affect y;. We instead conduct IV
regressions with the diagnosis of placenta previa as the instrument that provides

exogenous variation in the maturity of newborns at birth.



The placenta develops during pregnancy to connect the developing fetus to
the uterine wall of the mother. The placenta normally implants in the upper
uterine segment. In placenta previa, the placental tissue overlies or is proximate
to the cervix. The incidence is estimated to be 3.5 to 4.6 per 1,000 births (Faiz
and Ananth, 2003). Women with placenta previa often present with painless
hemorrhage, and placenta previa can be confirmed by ultrasound. A placenta
previa that completely overlies the cervix requires a cesarean delivery. The
likelihood of vaginal delivery increases with the distance between the placenta
and the cervix. For stable patients, it is standard to schedule cesarean delivery
after 36 weeks of gestation to decrease the risk of neonatal death, whereas
significant bleeding may necessitate earlier preterm delivery. Placenta previa
leads to low birthweight predominantly as a result of the higher frequency of
premature birth, ! but also because of intrauterine growth restriction by
nutritional deficiency, though the latter channel appears to be small and remains
controversial (Valero de Bernabé et al., 2004). See Oyelese and Smulian (2006)
and Lockwood and Russo-Stieglitz (2015) for a review of placenta previa.

For placenta previa to be a valid 1V, two more conditions must be satisfied.
First, the “assignment” of placenta previa to a mother must be unrelated to
unobserved factors that are relevant to the outcome. Second, the 1V must not
affect y; except via the causal channel concerned. The first condition is likely
to be satisfied because the occurrence of placenta previa is highly unpredictable
(Lockwood and Russo-Stieglitz, 2015). The pathogenesis of placenta previa
remains unknown. Proposed hypotheses relate it to previous pregnancies and
uterine surgery, but placenta previa occurs to first pregnancy as well.
Epidemiological research has identified a few risk factors: increased maternal
age, multiple pregnancy, increased parity, prior cesarean delivery, prior

pregnancy termination, prior uterine surgery, smoking, male fetus, and cocaine

! Ngrgaard et al. (2012) study singleton pregnancies in Denmark in 2001-2006 and report that the incidence rates of
low birthweight (<2,500 grams) for pregnancies with and without placenta previa are respectively 18.4% and 4.0%, and
the rates of preterm births (<37 weeks) for pregnancies with and without placenta previa are 31.7% and 5.1%.



use (Oyelese and Smulian, 2006; Lockwood and Russo-Stieglitz, 2015).2 The
clinical information available in the Danish fertility register allows us to control
for these known factors.® This is in sharp contrast to many other obstetric
complications that significantly affect birthweight, such as infection and
premature rupture of membranes, for which the medical literature has identified
strong risk factors related to unobservable maternal variables such as mental
stress, alcohol intake, and health literacy.

The second condition is also likely to be satisfied because while many
neonatal and obstetric complications originate from pathological factors in the
body of the mother or fetus (e.g., maternal cancer and malformation of the fetus),
placenta previa occurs merely as an abnormal position of the placenta, which is
a temporary organ that is discarded after birth. Placenta previa may lead to
serious hemorrhage and complications, which are obviously of clinical
importance, but hemorrhage is maternal rather than fetal and the incidence of
serious complications can be regarded as negligible for our purposes.* The
effect of cesarean section (controlling for gestation) on child health is
controversial, but most studies to date have been observational and do not
address selection bias. A few recent causal studies find insignificant or
somewhat protective causal effects of cesarean section (Hannah et al., 2000;
Jensen and Wust, 2012).°

Another potential source of bias concerns the possibility that, even if placenta
previa occurs purely randomly, the experience of placenta previa might cause

the mother to take more precautions during subsequent pregnancies (e.g., more

2 Little evidence has been found for association with alcohol consumption (Macones et al., 1997; Aliyu et al., 2011).

8 Maternal cocaine use is also purported to be an independent risk factor for placenta previa (Macones et al., 1997).
We are unable to control for cocaine use, but a large bias is unlikely because of the rarity of cocaine use. Only about
1% of 16-34-year-old Danish women had used any amount of cocaine within a year according to surveys in 2000, 2005,
2008, and 2010 (Danish Health and Medicines Authority, 2012, p. 17).

4 For example, Norgaard et al. (2012) report that the neonatal mortality rates of singleton pregnancies with and
without placenta previa in Denmark are 1.2% and 0.7% respectively. This difference is statistically significant at 95%
but becomes insignificant if maternal characteristics are controlled for.

5 Consistent with this, Ngrgaard et al. (2012) report a smaller neonatal mortality rate of pregnancies with placenta
previa that are delivered by cesarean section compared to the overall mortality rate of pregnancies with placenta previa.



frequent checkups), or it might even influence the next fertility decision. These
possibilities imply a systematic difference in the underlying characteristics of
groups with and without placenta previa. To address this potential bias, we
conduct the IV estimation based only on the first-child sample and confirm that
main results do not change. See Appendix A2 for the results of the first-child
sample estimation. Lastly, the exclusion restriction can be violated by
differences in hospital quality. Good hospitals may be able to detect even a very
minor degree of placenta previa early and reduce the risk of premature birth by
providing additional checkups and advice, which can have a separate protective
effect on health outcomes. To address this concern, we create dummies for 40
major hospitals and home births and include them in our regression analysis to
control for hospital fixed effects.® County fixed effects are also included and
expected to reduce a similar concern regarding cross-county variation in the
quality of prenatal care. A series of further sensitivity analyses regarding the
validity of our IV discussed in Section IV also indicate the robustness of our

conclusions.
C. Causal Framework — What is Fixed and What is Not?

The causal study of birthweight is problematic not only because of
confounders in e; but also because of the use of birthweight as a proxy for
neonatal health, which obscures the interpretation of estimated causal effects.
To see this point, let pp; denote child i’s indicator for birth with placenta previa.
The intuition of the identification can be seen in the form of the standard Wald
estimator,

E(yilXyppi=1)—E(y;|X;pp;=0)
E(InBW;|X;pp;=1)—E(InBW|X;pp;=0) '

6 A concern in using hospital fixed effects is the fact that the choice of the hospital might be endogenous because
the detection of placenta previa and the risk of premature birth may incline mothers toward larger hospitals. To address
this concern, we re-estimate all the regressions without hospital dummies and the results turn out to be almost identical.
The results without hospital dummies are available upon request.



which highlights the fact that our IV estimator of the birthweight effect, 857, is
defined by the exogenous variation provided by placenta previa, arguably
estimating the effect of the maturity of newborns at birth. Because our causal
estimates are driven dominantly by the timing of birth, our birthweight effect
concerns the “natural” development of the fetus. For example, very low
birthweight infants typically exhibit prematurity in many organs including the
brain, lungs, and eyes, and the effects of such immaturity are captured in our
birthweight effect. Not captured in our estimate are the effects of genetic factors,
congenital malformation, extreme nutritional deprivation, maternal infection,
and maternal behavior (e.g., alcohol abuse).

Another possible formulation is to examine the effect of gestation rather than
birthweight. This might appear reasonable because placenta previa
predominantly lowers birthweight because of its effect on gestation. We
nonetheless prefer to focus on birthweight for two reasons. First, it remains
controversial whether placenta previa affects intrauterine growth, and this
possibility precludes us from claiming our 1V results as entirely the effect of
gestation. Second, past studies have almost exclusively investigated the effect
of birthweight (with Oreopoulos et al. (2008) as a notable exception), and our
focus on birthweight makes our findings comparable to the literature. In either
case, however, gestation is the main determinant of birthweight, and therefore
our conclusions hold the same. In addition, we estimate “reduced-form”
regressions in which we regress outcome variables on the placenta previa
indicator rather than InBW. As reported in Appendix A2, the results are
consistent with the 1V results.

Although our IV estimation relies on the linear parametric regression, (1), it
is reasonable to interpret our IV estimates in the spirit of local average treatment
effects (LATES) in the Rubin causal model with potential outcomes (Angrist et
al., 1996), or rather as average causal response functions, since our treatment,
InBW;, is continuous and we condition on a large number of covariates (Angrist

and Pischke, 2009, page 175-188). This interpretation involves two different
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margins of effect heterogeneity: the level of birthweight and the determinants
underlying birthweight. Regarding the former, our results do not necessarily
hold for infants with exceptionally high or low birthweight, but as reported
below, placenta previa occurs in almost the entire birthweight distribution,
which means that our estimator is not driven by a very particular part of the
distribution. Regarding the latter margin of heterogeneity, our IV reflects
changes in the natural development of the fetus. The focus on this margin makes
our estimates policy relevant, as discussed earlier. The fact that placenta previa
does not increase birthweight implies that the monotonicity assumption holds,
which is essential in this interpretation of the results (Angrist et al., 1996).
Lastly, we do not model causal pathways after birth, following the majority
of previous studies, hence 8%, captures various channels such as physiological
mechanisms and the effect generated by the behavioral response of the child and
parents. This paper instead aims to provide new insights by studying an

extensive set of outcomes in the same econometric framework.

D. Sibling and Twin Fixed-Effects Approach

A popular approach to avoid bias due to omitted variables is the fixed-effects

estimator. In case of the sibling fixed-effects estimator, Equation (1) becomes

@) Vij = Xij0x + OgwInBW;; + a; + 1,5,

where y;; represents an outcome of child i born to mother j, the term a; refers
to mother-specific time-invariant unobservables, and n;; is the residual term.
Compared to 835%, the sibling fixed-effects estimator, 5%, is less prone to
suffer from omitted variable bias, but there may remain time-varying factors in

n;j that are correlated with birthweight. For example, the mother’s relationship

with the husband, health knowledge, and expectation and affection toward the
new child are time-varying and difficult to measure, and may influence

birthweight at each pregnancy (Behrman and Rosenzweig, 2004). If these
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factors also affect the child’s future outcome, A5E, is biased. Interaction
between siblings is another potential confounder for A5E,, causing the violation
of SUTVA (Stable Unit Treatment Value Assumption, see Angrist et al., 1996).

Furthermore, if the first child’s outcome, y,;, influences the second child’s
baseline controls, X, OLE is biased due to the violation of strong exogeneity.

Note also that even when all the assumptions are satisfied, 855 and 85E, have
different interpretation because many gene-related unobservable factors are
removed by a;.

Given these sources of bias, the twins fixed-effects estimator has become the
workhorse approach in the recent literature. It is argued that the twin fixed-
effects estimator provides a clearer causal framework to obtain an unbiased
estimate of 85, because monozygotic twins share the same genes, the same in-
utero environments, and the same gestation. Heinesen, Imai, and Maruyama
(2015) discuss two problems with this approach. First, the mechanism that
causes differences in intrauterine growth rate (and thereby birthweight) between
twins is unclear and we do not know what InBW;; proxies for. Second, it may
suffer from bias due to not only postnatal interaction but also “in-utero
interaction” between twins. Our IV approach offers an alternative way to
understanding returns to birthweight by avoiding these econometric difficulties

inherent in fixed-effects estimation.
1. Data
A. Administrative Data and Population Selection

We draw data from Danish administrative registers. The birth register
contains population data for newborns with person identifiers of the newborns
and biological parents and a range of clinical and demographic variables about
the mother and neonate. We construct each mother’s fertility history by linking
her pregnancy records. The birth register is considered to be of high quality with

regard to validity and coverage (Blenstrup and Knudsen, 2011).
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We study births from 1981 onwards because many variables in Danish
registers are available only after 1980. The following are excluded from our
analysis: stillbirths, children whose mother identifier is missing, children born
overseas, and adopted children and their biological siblings (in total less than
1%). We retain children whose father is not identified in our population (1% of
our final sample) by including an indicator for missing fathers. A very small
number of observations with missing values, highly unrealistic values, and other
data problems are discarded. For clear interpretation, we also exclude multiple
pregnancies from the main analysis because their distribution of birthweight is
substantially different. Singleton siblings of twins are retained.

The rest of this section describes the variables used in the analysis. For further
details of the dataset construction, see Appendix Al.

B. The Instrument

An indicator for placenta previa is constructed by combining the birth register
and the hospital admission register. The placenta previa indicator takes the value
of one if either of the two registers indicates placenta previa. The two registers
provide consistent information in the vast majority of cases. In our data from
1981 to 2013, 7,913 births are associated with placenta previa, and its incidence
is 0.41%, which is within the range found in the literature (e.g., 0.35 - 0.46% in
Faiz and Ananth, 2003). We find no apparent time trend.

C. Control Variables

We obtain from the birth register the following control variables: the sex of
the child, year- and month-of-birth dummies, hospital dummies, the mother’s
age at conception, birth order, smoking habits, the histories of past pregnancies,
past cesarean sections, past spontaneous and induced abortions, and past
stillbirths. From the hospital admission register, we construct a variable for the

number of days spent by the mother in the hospital during the 180 days around
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the conception, except for pregnancy-related admission, to control for the
mother’s general health.

The other demographic and socioeconomic variables are constructed from
various registers: indicators for the mother’s highest level of education
completed (less than 9 years, 9 years, upper secondary, low and medium tertiary,
and high tertiary education); marital status; coresidence status of the biological
mother and father; immigrant status; the mother’s working status (an indicator
for whether she was working most of the year) and labor income in the previous
year; the father’s information (the indicator for missing identifier, age at
conception, labor income and working status in the previous year, and education
indicators); household wealth income and public transfer in the previous year;
and county dummy variables. Regression analysis also includes interaction
terms between conception month dummies and the mother’s income and work
status to account for the effect of pregnancy on the previous year’s labor supply.

Table 1 shows the summary statistics of the characteristics of children and
parents broken down into births with and without placenta previa. The group
with placenta previa exhibits a 15.7% lower birthweight and a 6.7% shorter
gestation. Table 1 also shows mean differences for the known risk factors for
placenta previa, such as maternal age, male fetus, past cesarean sections, and
past abortions. Some variables, such as income variables and the father’s age,
exhibit unexpected non-negligible differences between the two groups, but
these differences are predominantly due to their association with maternal age.

Thus, our data show a pattern largely consistent with the medical literature.
[ Insert Table 1 Here — Characteristics of Children and Parents ]
D. Placenta Previa, Birthweight, and Size for Gestation

Figure 1 compares the birthweight distribution by placenta previa status,

illustrating a higher frequency of low birthweight neonates when placenta
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previa complicates pregnancy. The variance is also larger, although the

distribution still covers the entire range of birthweight.
[ Insert Figure 1 Here — Distribution of Birthweight ]

Unknown risk factors for placenta previa that are not controlled even by our
extensive control variables may exist. However, we argue that such unknown
factors are unlikely to bias our 1V estimates significantly because even those
known risk factors together explain only an extremely tiny part of the incidence
of placenta previa. In Table 2, we run OLS regressions with the full set of
covariates for placenta previa, other selected obstetric complications, and birth
outcomes, and report their R? coefficients to compare the predictability of
placenta previa and other outcomes. We also include outcomes that have been
widely used as an 1V in the literature: multiple birth in Rosenzweig and Wolpin
(1980), the quarter of birth in Angrist and Krueger (1992), and the sex of the
child in Angrist and Evans (1998). The results show that birth events such as
preterm birth, low birthweight, and multiple pregnancy are roughly ten times
more predictable than placenta previa. The sex of the child is the only outcome
that clearly dominates our instrument, and the fact that we can explain only
0.2% of the variation in the occurrence of placenta previa indicates the very high

degree of randomness of placenta previa.
[ Insert Table 2 Here — Predictability of Obstetric Complications ]

The fact that placenta previa occurs in almost the entire birthweight
distribution (Figure 1) and the fact that the extensive set of socioeconomic and
demographic variables has almost no explanatory power for the incidence of
placenta previa (Table 2) imply that our estimates can be interpreted as average
causal response over nationally representative sample rather than over a very
specific sample.

Whether placenta previa alters the size for gestational days is essential

information in understanding what exogenous variation the placenta previa IV
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captures. Figure 2 illustrates that, conditional on gestational days at birth,
placenta previa makes little difference in birthweight. Placenta previa tends to
reduce birthweight slightly around average gestational days at birth, but the
opposite is true for premature births, the main interest of our study. This figure
requires caution because it is not the growth curve widely used in the obstetric
context; it is created from birth outcomes and the timing of birth may be
influenced by intra-uterine growth and placenta previa. Nevertheless, the
difference by placenta previa status shown in Figure 2 is not comparable to the
average birthweight reduction due to placenta previa of around 16%, providing
support that our 1V estimation captures predominantly variation in prematurity

rather than intra-uterine growth.

[Insert Figure 2 Here — Size for Gestational Days by Placenta Previa Status]

E. Outcome Variables

We investigate three broad sets of outcome variables. The first set includes
outcomes related to health, such as mortality, morbidity, and hospital admission.
The second set consists of socioeconomic outcomes: educational attainment,
student/working status, income, disability pension, teen pregnancy, the
birthweight of their children, and criminal offense. Table 3 summarizes these
outcome variables with their definitions, overall means, and means conditional
on low birthweight. These mean values illustrate the worse outcomes of low
birthweight infants. The table also shows the population used for each outcome.
Most outcomes are analyzed conditional on the child’s survival up to a
particular age. Although this conditioned sample may give rise to selection bias,
such bias will not significantly change our results because of the very low child
mortality rate in Denmark. The birth cohort used for each outcome is determined
by the availability of data and the number of years after birth necessary to

observe the outcome variable.
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[ Insert Table 3 Here — Definitions of Outcome Variables ]

The third set of outcomes are variables constructed from the military
conscription register. All men in Denmark are required to attend an examination
session for military conscription once they turn 18, and we observe military
qualification, 1Q, height, weight, and BMI. However, there are exceptions for
attendance requirement, and because of the concern for potential selection bias,
we only present a summary of these results, providing detailed explanation and

discussion in Appendix A3.
I11. Results

Before turning to the estimates of the birthweight effect, we discuss the first-
stage regressions of InBW;. Table 4 reports selected coefficient estimates based
on the cohorts born 1981-2013 from [1] OLS without controls, [2] OLS with
controls, and [3] OLS with sibling fixed effects. Reported in parentheses are
standard errors robust to arbitrary heteroskedasticity and correlation within each
grandmother cluster. Placenta previa reduces birthweight by 17.7 — 20.0%, and
the coefficients are statistically significant at the 0.1% level. Models [1] and [2]
show that including the controls reduces the estimated effect of placenta previa
on InBW; only marginally, from 20% to 19%. The F statistics for the relevance
of this IV in the three models are 3020, 2889, and 1816, respectively, so the
issues of a weak instrument and finite sample bias are not a concern. Moreover,
this strong correlation implies that minor violations of the exogeneity condition
are unlikely to cause significantly biased estimates (Wooldridge, 2010; Eg.
5.36, p. 108). We provide further quantitative discussion on the size of potential

bias in Section 1V,
[ Insert Table 4 Here —First-Stage Regressions with Selected Variables ]

The other determinants of birthweight identified in the literature show the

expected signs (Valero de Bernabé et al., 2004). Birthweight tends to be low for
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female newborns of mothers with past cesarean sections, poor health, and
smoking habits. Birthweight increases with birth order, particularly from the
first to the second child. Socioeconomic factors also have significant predictive
power for birthweight. Cohabitation with the father increases birthweight, and
so does being married, though to a lesser extent. Birthweight increases with
parental education, particularly with maternal education. Birthweight is low if
the father is not working. The same relationship holds for the mother’s work
status, although it is not reported because its interaction with conception month
dummies requires considerable space. Birthweight decreases with maternal age,
although this is again not reported due to a large number of age dummy
variables. Lastly, immigrants and families with social welfare dependence tend
to have low birthweight babies.

A. Returns to Birthweight: Health Outcomes

Table 5 reports the estimates of the birthweight effect on health outcomes.
Each row is dedicated to one outcome, reporting estimated coefficients on InBW.
We report results from five models: (1) OLS with no other control; (2) OLS
with the control variables; (3) OLS with sibling fixed effects; (4) IV regression;
and (5) IV regression with sibling fixed effects. The full set of control variables
is included in all regressions except for (1). Our preferred model is (4) because
a valid IV yields consistent estimates even without fixed effects. Moreover, as
discussed above, fixed effects may lead to biased estimates and may complicate
interpretation. Nevertheless, the comparison of (4) and (5) serves as a robustness
check for our IV estimation. Reported in the parentheses are standard errors
robust to arbitrary heteroskedasticity and clustering by the grandmother
identifier, which allows statistical dependence among siblings and cousins and

provides more conservative standard errors than clustering by mother
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identifier.” Reduced-form regressions in which we replace InBW with the

placenta previa indicator are also estimated and reported in Appendix A2.
[ Insert Table 5 Here — Estimated Coefficients on InBW — Health Outcomes ]

Rows [1A] and [1B] in Table 5 show the effect of birthweight on one-year
mortality based on the cohort born 1981-1995 and the cohort born 1996-2013,
respectively. The OLS coefficient of -0.0831 in Row [1A] implies that a 10%
increase in birthweight is associated with a reduction in one-year mortality by
approximately 8.3 deaths per 1,000 births. Adding controls slightly increases
the estimate, and using sibling fixed effects almost doubles the magnitude. Use
of the placenta previa IV considerably increases standard errors, but its two
estimates are similar and statistically significant, and their magnitudes are
between the OLS estimates with and without fixed effects.® Using fixed effects
and the IV leads to a larger estimate, probably because the simple OLS is
downward biased due to unobserved genetic factors related to body size. The
infants of smaller parents tend to be smaller even if completely healthy, and
such attenuating unobserved factors are in naive OLS estimates but not in the
fixed-effects and IV estimates.

A comparison of Rows [1A] and [1B] reveals a substantial reduction in
magnitude over time in all models. The main contributing factor to this
reduction is the trend in infant mortality — a decrease from 0.62% in the first
period to 0.32% in the second period — reflecting advances in neonatal care such
as the widespread use of surfactant in the 1990s. There is also a notable contrast
between the time trends in the OLS and IV estimates, the IV estimates showing

’ We ignore issues of multiple hypothesis testing. Correcting for this will not affect our main conclusion
(dominatingly statistically significant effects on health outcomes and insignificant effects on non-health outcomes).

8 When the outcome is an indicator variable (e.g., infant mortality), the estimates in Table 5 and the following table
are based on linear probability models. When outcomes are rare, the interpretation of these estimates as marginal effects
may be misleading. Therefore, we show in Appendix 6 estimated coefficients and average marginal effects (AMES)
from probit models (with and without controls) and IV probit models. For rare outcomes, the AMEs of these models
are much smaller than the corresponding estimates of the linear models in columns 1,2 and 4 of Table 5. For instance,
for infant mortality, the IV probit AMEs are -0.0375 and -0.00472 for cohorts 1 and 2, respectively.

19



a much larger reduction than the OLS estimates. A possible explanation is that
immaturity itself became less important because of improved neonatal care,
while unobserved confounders that link birthweight and infant mortality (e.g.,
congenital malformation) remain at work. Another explanation for declining
birthweight effect is the increasing trend in birthweight in Denmark.® °
Bharadwaj et al. (2017A) compare two birth cohorts 50 years apart and find
similar estimates of long-run birthweight effect on income. This finding does
not contradict with our finding because they take the standard twin fixed-effects
approach, which does not capture the effect of immaturity related to gestation
length.

Rows [2A] — [8C] concern other health outcomes: 5 minute APGAR score
(widely used health score for newborns); continuous positive airway pressure
(CPAP, a ventilation therapy); neurodevelopmental disabilities (which
comprise cerebral palsy, loss of vision, and hearing impairment); the diagnosis
of mental retardation before the tenth birthday; hospital utilization; and
medication purchase for asthma. Except for CPAP and asthma, we again report
the results in two periods. In most cases, both the OLS and IV results highlight
the protective role of extra birthweight for infant health. This is consistent with
previous observational studies such as Leonard and Wen (2002) and the Institute
of Medicine (2007), though not consistent with twin studies. Compared to OLS,
the 1V estimates are much larger for APGAR score, CPAP, hospitalization, and
asthma, probably because these are outcomes strongly related to premature birth.

There is no time trend in APGAR score, neurodevelopmental disabilities, and
mental retardation, unlike infant mortality. This fact is most likely due to the
opposing force of improved neonatal care: it protects newborns from avoidable

disabilities, but it also saves the lives of neonates who have a higher risk of

9 In our data, the population mean of birthweight has increased from 3,350 grams in the early 1980s to near 3,500

grams in 2000 and after, so that the resulting reduction in immature babies may have contributed to the reduction in the

birthweight effect.

10 It might be suspected that the effect of placenta previa on birthweight has a time trend, thus causing a spurious

reduction in the birthweight effect, but further examination verifies that this is not the case. In the first-stage regression
without fixed effects, the coefficient on placenta previa is -0.191 in the first period and -0.199 in the second period.
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morbidity. We nevertheless observe substantial reductions in the magnitude of
the coefficients on InBW (Rows [2A], [2B], [4A] — [5B]), particularly the 1V
estimates. This constitutes further evidence for the previous finding: the current
role of immaturity is not as important as it was in the earlier period. However,
we only observe a marginal reduction in IV estimates for Rows [6A] and [6B],
probably because hospital days should be considered not only as health
outcomes but also health input — improved medical treatment may require low
birthweight babies to stay longer in hospital.

We investigate how the birthweight effect varies over time not only across
cohorts but also within a cohort. The question of whether the influence of this
initial condition at birth grows or diminishes as the child grows older has
important implications for early medical interventions (Almond and Currie,
2011A). Rows [7A] to [7D] report the effect of birthweight on hospital
admissions across the age groups of children. To delineate the age effect, we fix
our population to those born between 1981 and 1993. A comparison of the four
rows reveals that, while the hospital admission rate varies little by age, OLS and
IV estimates both diminish as a child grows older.'* Hummer et al. (2013) apply
sibling fixed effects to Austrian data and find a similar reduction in the effect of
birthweight on hospital stays. Thus, birthweight is crucial to infant mortality
and infant health, but the impact of a birthweight “shock” fades out and
surviving children catch up.*? A similar pattern is found in the analysis for the
purchase of medication for asthma. Rows [8A] to [8C] show a significant
reduction in the estimated coefficients, although the catch-up in this case seems
to be driven by significant reduction in the prevalence of asthma drug purchase.

11 To check whether this reduction is driven by attrition due to death, we conduct the same analysis making it
conditional on survival to age 20, and find no difference. Attrition plays no role here due to the low mortality rate after
age 2.

12 Gupta et al. (2011) observe “catch-up” in the effect of birthweight on weight and height, but their finding merely

reflects the fact that children born preterm remain behind other children until the growth curve flattens out.
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B. Returns to Birthweight: Socioeconomic Outcomes

The first group of outcomes reported in Table 6 concerns educational
attainment. The first outcome shown in Row [1] is whether a child completes
the 9th grade by the year the child reaches age 16. As discussed in Appendix
Al.3, in Denmark this outcome largely captures the school entry decision at age
7, rather than later educational attainment. Row [1] indicates that an increase in
birthweight by 10% raises the likelihood of completing the 9th grade by age 16
by 1.3 — 1.5% points. The size of this effect can be interpreted by comparing it
with the effect of the birth month; children born in January are more likely to
start the 1st grade in the year of age 7 than children born in December of the
same year. The estimated coefficients in Row [1] indicate that January-born
children having 10% less birthweight have the same propensity to complete the
9th grade by age 16 as those born with average birthweight in September and
October.

[ Insert Table 6 Here — Coefficients on InBW — Socioeconomic Outcomes ]

Rows [2] — [2E] are the results for the standardized scores of the national
exam held at the end of the 9th grade. The OLS estimates with and without fixed
effects all exhibit highly significant positive correlations between birthweight
and test scores. This is consistent with many past studies. The OLS estimate in
the second column in Row [2] indicates that a 10% increase in birthweight is
associated with an increase in mean exam scores of about 0.018 standard
deviations. This becomes smaller when sibling fixed effects are applied.
Interestingly, the OLS estimates for mathematics are considerably larger than
for other subjects — a finding consistent with past studies (e.g., Torche and
Echevarria, 2011; Figlio et al., 2014). IV estimates, however, do not indicate
that infant maturity has positive causal effects on exam scores. Most IV

estimates have negative signs, but their low precision precludes strong
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conclusions. Except for one estimate (for English), none are statistically
different from zero.

The lack of evidence of beneficial birthweight effects on exam scores may
appear contradictory with the statistically significant positive birthweight effect
on timely Grade 9 completion. This is probably due to the fact that we treat
exam scores as missing for those who did not take the exam or took the exam
after the standard age (see Appendix Al.3 for further details of the construction
of exam score variables). As discussed earlier, prematurity increases the risk of
permanent disabilities. Children who have a permanent disability are less likely
to complete Grade 9 by age 16 and less likely to take exams at the standard
age.’3

Rows [3] to [5C] show the results for labor market outcomes. A pattern
similar to test scores holds for income at age 24: in Row [3], the OLS results
are significant and large, but the IV estimates are insignificant with large
standard errors. The IV estimate in Row [4] indicates that a 10% increase in
birthweight increases the propensity for an individual to work or study at age
22 by about 1 percentage point, an effect of similar size as the OLS estimate.
The IV sibling fixed-effects estimate is not statistically significant. Rows [5A]
to [5C] reveal a large effect of birthweight on disability pension receipt at age
19-21. The IV estimates consistently show larger effects than the OLS
estimates; for example, the IV estimates without fixed effects indicate that a
10% increase in birthweight reduces the amount of disability pension transfers
during the three years by 2,181 Danish Kroner (DKK hereafter) (~ EUR292).
These strong long-term effects of birthweight on disability pension receipt are
probably due to permanent damage from the perinatal period, such as cerebral
palsy and mental retardation. The catch-up effect discussed above does not
benefit individuals affected by these permanent disabilities, who typically

depend heavily on welfare assistance throughout their entire lives. Note that the

13 Another possible reason comes from the fact that children who start school later tend to have better exam scores

because they are older (Black et al., 2011).
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results in this table are based on persons born between 1981 and around 1991.
As the estimated birthweight effect on infant health is smaller in recent years,
the effect of birthweight on social assistance may well be smaller for recent
cohorts.

Teen pregnancy caused by risky sexual behavior often contributes to early life
poverty and loss of future opportunities. In Row [6A], the OLS estimate shows
a negative and highly significant association between birthweight and teen
motherhood, but this association tends to become opposite when we apply fixed
effects and/or the instrument. However, the IV estimate is not statistically
significant, and the IV sibling fixed-effects estimate is only marginally
significant at the 10% level. The fixed-effects and IV estimates for males (Row
[6B]) are positive, indicating a positive birthweight effect on teen fatherhood,
although the 1V sibling fixed-effects estimate is insignificant.

The OLS estimates in Rows [7A] and [7B] show a highly significant positive
correlation between the birthweight of those born from 1981 to 1992 and the
birthweight of their children. Significant positive coefficients are also found in
the fixed-effects regressions in Row [7A]. These are consistent with past sibling
and twin fixed-effects studies (Black et al., 2007; Currie and Moretti, 2007; and
Royer, 2009). However, our IV estimates reveal no robust evidence for any
positive effect, although our results are not definitive because of two limitations.
First, the outcome we use here is conditional on the child becoming a parent by
the 22nd birthday, which is considerably earlier than the national average, so
the selection may cause bias. Second, because of the rarity of parents under age
22 and conditioning on sex, the effective number of observations is quite small
for the IV estimation, leading to large standard errors, especially when sibling
fixed effects are applied.

Rows [8A] — [8C] examine the effect of birthweight on criminal offense
before the age of 22. The OLS estimates in Rows [8A] and [8B] show a
significant deterrent effect of birthweight on criminal offense, consistent with
the finding of Tibbetts and Piquero (1999), but the fixed-effects and IV
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estimates indicate a positive effect of birthweight on crime. The fixed-effects
estimates are all positive and significant. The IV estimates are positive but not
statistically significant except for one. All in all, these estimates indicate that
additional birthweight is unlikely to reduce criminal inclination.

Our 1V estimates have large standard errors compared to those of the OLS
estimates for the same outcome because placenta previa occurs in only a tiny
fraction of the population. For most non-health outcomes, the 1V estimates are
not statistically significant, and for some of these outcomes, the 1V estimates
are not statistically different from the OLS estimates. However, it is important
to note that the insignificance of the effects of birthweight on non-health
outcomes is not due to a small number of observations for these outcomes. The
highly significant estimates for health outcomes and disability pension are based
on approximately the same number of observations as in the analysis of exam

scores and criminal offense, but they are clearly statistically significant.
C. Returns to Birthweight: Military Conscription Variables

As reported in detail in Appendix A3, the outcomes constructed from the
military conscription register also offer a contrast between the OLS, fixed-
effects OLS, and IV estimates. For attendance at a conscription examination and
qualification for military service, OLS and fixed-effects OLS indicate a
significant causal effect of birthweight, whereas the results of IV estimates are
mixed and often insignificant. Based on the IV point estimates, a 10% increase
in birthweight raises the probability that the person will qualify for military
service by 0.7 — 3.2 percentage points. This effect may be partially explained by
the effect of birthweight on permanent disability, but not fully in view of the
low prevalence rate of permanent disability, suggesting a lasting effect of
birthweight on long-term general health (e.g., asthma) and physical strength.
For 1Q, however, while the OLS and fixed-effects OLS exhibit positive
coefficients that are statistically significant at the 0.1% level, the IV estimates
are not statistically significant. Similarly, height, weight, and BMI exhibit
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significant OLS estimates, but the estimates for height and weight become much
smaller and insignificant when we use the instrument, and the BMI estimates
become insignificant as well. The use of fixed effects makes a substantial
difference for the OLS estimates probably because mother-specific factors, such

as maternal body size, have considerable influence on these outcome variables.
D. Specifications with Low Birthweight Dummies

To examine whether birthweight effects are concentrated around the very low
end of the birthweight distribution, we also estimate specifications with three
low birthweight dummies instead of InBW;: (1) birthweight less than 3,500
gram (approximately the average birthweight in our sample), (2) birthweight
less than 2,500 gram (LBW), and (3) birthweight less than 1,500 gram (VLBW).
The first-stage regressions for these three dummy variables again confirm the
power of our IV: the F statistics for the relevance of the IV in the three first-
stage regressions are 3383.3, 1588.9, and 295.5, respectively.

Table 7 reports the estimated coefficients on the three low birthweight
dummies in the OLS and IV regressions for selected outcome variables.
Consistent with the log birthweight specification, the IV estimates provide clear
evidence that low birthweight due to prematurity negatively affects early-life
health outcomes and increases the risk of permanent disabilities. The effect
exists even when the threshold of 3,500 gram is used. This is in contrast to very
small OLS estimates. Variation in birthweight reflects various factors including
genetics, and comparison around the average birthweight does not predict those
health outcomes very well, but the IV estimates show that birthweight loss due
to prematurity has non-negligible consequences even if the resulting
birthweight is around the mean. The size of the effect becomes larger as we use
a lower birthweight threshold. Using the 2,500 gram cutoff instead of the 3,500
one increases the magnitudes typically by around 20%, whereas the use of the

1,500 gram threshold increases the effect size dramatically, typically by a factor
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of four to six compared to the case of the 2,500 gram threshold, confirming an

unproportionally heavy health burden on very low birthweight newborns.*
[ Insert Table 7 Here — Low Birthweight Effect by Threshold ]

These specifications with birthweight dummies show that our results for the
birthweight effect on long-term outcomes are robust in the sense that we still
find negative effects of low birthweight on the probability of completing grade
9 by age 16, working or being a student at age 24, and confinement by age 22,
and positive effects on receiving disability pension at age 19-21, whereas effects
on test scores, income at age 24, and the two other crime variables are
insignificant. These findings indicate that the contrast we found between the
short-term and long-term outcomes is not an artifact of the log birthweight

specification.
IV. Further Evidence for the Reliability of the IV Estimation

We have so far provided a number of arguments for why placenta previa
serves as a valid instrument. In this section, we provide further support for our
IV estimation by showing the robustness of our results even if the exclusion
restriction does not hold exactly.

First, we conduct the IV estimation based only on the sample of first-born
children. As discussed earlier, this is to address the concern that the experience
of placenta previa might cause the mother to take more precautions during
subsequent pregnancies or it might even influence the next fertility decision. As
reported in Appendix A2, the results are fairly consistent with our full sample
analysis and our main results hold.

Next, we provide a back-of-the-envelope calculation of the plausible

magnitude of bias. Consider a simple model:

14 Appendix Table A6-3 shows average marginal effects based on probit and logit models for the binary outcome

variables in Table 7. For the 3,500 gram threshold these are very similar to the OLS estimates in Table 7, whereas they
are considerably lower than the OLS estimates for the 2,500 and (especially) the 1,500 gram thresholds.
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(3) yi = 90 + HBwlnBWi + el',
where we use pp; as an IV for InBW; to obtain the IV estimate, 85,. Since
Cov(pp, InBW) =+ 0, we can show the following (Wooldridge, 2010, p.108):

(4) plim 8%, = 6z, + Cov(pp, e)/Cov(pp, InBW),
where the last term is the expression for bias. The bias term shows that, even if
there is an unobserved determinant of placenta previa and thus the numerator is
nonzero, the bias reduces as the first-stage explanatory power of pp; increases.
We cannot directly evaluate the bias term because (4) holds only asymptotically,
but we can conduct informal approximation of the bias using the sample
analogue of this term, in which Cov(pp, InBW) is directly obtained from data.
We calculate Cov(pp, e) by using &, that is obtained from Equation (3) as a
residual with a hypothesized value of 85,,. Because of the large number of
observations, this approximation should provide a reasonable quantification of
the size of the bias, unless the hypothesized value of 65, is far from the true
birthweight effect parameter.

Table 8 reports the “implied bias” based on three hypothesized values of 85y :

(1) the IV estimate, 92;,; (2) the estimate from the OLS with no control,

9f;i$ple o and (3) the estimate from the OLS with controls, 9?ﬁ,ltip O The

results in Table 8 indicate the robustness of our main findings. The size of the

implied bias for infant mortality (shown in the first rows) is small for all three

hypothesized values (Cases 1 to 3) relative to E?g;, (which is shown in the first
column under Case 1). The bias is small both because the numerator is small
and the denominator is large. The size of the implied bias for hospital days is
around 50% of the @%V under Cases 2 and 3. The last row in Table 8 shows that,
for the test score, the bias in this simple IV estimator can be as large as 0.304
because Cov(pp, e) is larger than that of health outcomes. However, even with

this size of bias, the relationship between the OLS and IV estimates found in

our analysis (i.e., smaller IV estimates than OLS estimates) is unchanged. Note
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also that this simulation is conservative in the sense that we do not control for
the risk factors for placenta previa and other observable medical and socio-
demographic factors. When those controls are included, we expect much less
potential violation of the exclusion restriction, and thus even smaller bias of our

IV estimates than shown in Table 8.
[ Insert Table 8 Here — Plausible Range of Bias in IV Regression ]

Another way to infer the size of potential bias due to unknown risk factors for
placenta previa is to examine how our results are affected if we omit one of the
known major risk factors from our IV regression. As shown in Appendix A4,
the results of this exercise indicate limited potential bias. In this robustness test,
we first confirm that those risk factors reported in the medical literature are
statistically significant predictors of placenta previa (the first row in Table A4-
1) and that they are statistically significant in the regressions of other outcomes
(the rest of Table A4-1). Then, we conduct our IV regressions with and without
those risk factors (past cesarean sections, maternal smoking, and maternal body
size, one at a time) and compare the estimated coefficients on InBW; (Tables
A4-2 to A4-4). We find no significant differences between IV estimates with
and without control for these risk factors. In most cases, differences in point
estimates are less than 1%, and in all cases less than 10%. The significance and
signs are unaffected. Our conclusions, therefore, are unlikely to be an artificial
product of an unknown cause of placenta previa. The critical assumption behind
this exercise is that the major risk factors for placenta previa that have been
identified in the medical literature are the most important factors (in terms of
the predictive power of placenta previa and the size of direct effect on outcomes),
and unknown risk factors, if any, are of the same importance or less.

There is also a concern that our results predominantly capture the effect of the
cesarean section rather than maturity at birth because serious cases of placenta
previa require a cesarean delivery. Although the causal effect of cesarean birth

on the child’s general outcomes remains controversial, as discussed in Section
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1.B., we investigate the potential bias due to cesarean delivery by conducting a
sub-sample analysis in which we exclude first-time mothers and examine how
the IV estimate varies by past cesarean delivery status. The motivation here is
the fact that past cesarean delivery makes cesarean section the default choice
for subsequent pregnancy to avoid uterine rupture and other complications; the
use of a subpopulation with past cesarean section should consequently yield
different results if there is a substantial effect of cesarean section. As reported
and discussed in Appendix A5, our main conclusions are unchanged.

Lastly, there is a possibility that the experience of placenta previa itself may
change the behavior of the mother by making the mother more careful and
attentive toward the child.'® We argue that this possibility does not change our
main results for the following reasons. First, it is presumably the case that very
short-run outcomes such as 5 minutes APGAR score, receiving CPAP in
neonatal ward, and neurodevelopmental disability are predominantly driven by
medical factors rather than maternal behavior, and then the mother's behavioral
change is unlikely to be relevant for most of our very short-run birthweight
effects.

Second, the mother’s behavioral response does not change our conclusion that
additional birthweight has a significant protective effect in the short run because
such behavioral response implies downward bias in the magnitude of the
protective birthweight effect. Third, our long-run results are biased only if the
placenta previa status itself has long-term influences on parental behavior: in
other words, the long-term parental investment differs between the same 1.5kg
babies with and without placenta previa. This is highly unlikely because as
discussed above, placenta previa is a temporary condition that has no long-term
medical consequences for the child and mother except through the channel of
birthweight.

15 This type of compensatory parental investment is found in past studies (Hsin, 2012; Bharadwaj, et al., 2017B).
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V. Comparison of Twins and Singletons

We lastly report twin fixed-effects estimates to highlight the differences
between the twin approach and our IV approach. We use the population data of
twins from the same data source. For clarity of interpretation, we include only
twins who are live-born from pregnancies with two fetuses.*®

Table 9 shows the comparison for selected outcome variables. In each row,
the first two columns report the OLS and fixed-effects estimates based on twins.
The next four columns show the singleton estimates that have already been
presented. In addition to five selected outcomes, the results of infant mortality
from Black et al. (2007) are presented in the second row, [1-BDS], for

comparison.
[ Insert Table 9 Here — Difference Between Twin and Singleton Estimators ]

Table 9 reveals clear differences in the results for twins and singletons. Rows
[1] — [3] report the estimated effects of birthweight on infant health outcomes,
and Row [4] reports the effect on receipt of disability pension. Findings from
these rows are summarized as follows. First, when we compare the twin and
singleton OLS estimators, the former shows considerably larger estimates. This
is because twin infants tend to have significantly worse health outcomes than
singleton infants. Second, applying fixed effects changes the OLS estimates of
twins and singletons in opposite directions. The twin fixed-effects estimates are
substantially smaller than the twin OLS estimates, suggesting that birthweight
not be as important as it appears from OLS estimates. In contrast, applying fixed
effects to singleton infants yields birthweight effects substantially larger than
those of OLS, which suggests an opposite conclusion. This contrast is also
visible in the results from Black et al. (2007) in Row [1-BDS].

16 Our data do not allow us to separate monozygotic and dizygotic twins. To address the issue of zygosity, we follow

Black et al. (2007) and estimate the same regression models for same-sex and different-sex twins separately. The results
turn out to be very similar in both groups.
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The singleton 1V estimator similarly leads to larger birthweight effects than
the singleton OLS estimates, hence our IV estimates for these outcomes related
to infant health suggest a larger role of birthweight than the twin fixed-effects
estimator, although the 1V estimates may or may not be larger than the singleton
fixed-effects estimates, depending on each outcome.

This observed pattern, however, turns out to be quite different for longer-term
outcomes. As shown in Row [5], the positive and significant estimate of the
birthweight effect on the national exam score in the 9th grade in the twin OLS
becomes larger if fixed-effects are applied, whereas the use of fixed effects for
singletons makes the estimate smaller than singleton OLS. Our IV point
estimates are negative but not statistically different from zero because of large
standard errors. Nevertheless, the large positive twin fixed-effects estimate is
clearly outside the 95% confidence interval of the IV estimates.

These patterns of twin estimates seem to be robust across the twin literature.
Twin fixed-effects estimates on infant mortality or infant health which are
significantly smaller than their OLS counterparts are found in Almond et al.
(2005), Conley et al. (2006), Oreopoulos et al. (2008), and Royer (2009). In
contrast, twin fixed-effects estimates on educational achievements or other
socio-economic outcomes that are similar to or larger than their OLS
counterparts are found in Behrman and Rosenzweig (2004), Black et al. (2007),
Oreopoulos et al. (2008), Lin and Liu (2009), Royer (2009), Torche and
Echevarria (2011), and Figlio et al. (2014).

V1. Conclusion

By applying the diagnosis of placenta previa as an instrumental variable to
administrative population data for two million Danish newborns, this study
advances our understanding of the causal effect of birthweight related to
variation in gestation length with the following results. First, birthweight does
have significant positive causal effects on child health. Second, the effect of
birthweight on general health diminishes as a child grows older (catch-up effect).
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Third, a large part of the highly significant correlations between birthweight and
non-health outcomes appears to be non-causal. Fourth, the effect of birthweight
on infant health in Denmark has diminished significantly over the last three
decades.

These results strengthen the foundation for prenatal interventions to reduce
premature birth and postnatal interventions to avoid permanent health capital
loss. These interventions enable us to save more infants and at the same time
reduce neurodevelopmental impairment, mental retardation, and hospital stays,
which will lead in turn to a considerable saving of medical and societal costs.
Such interventions will have even higher returns in countries with limited access
to modern perinatal care.

Our results also have implications for the literature on child health and human
capital development. This literature emphasizes the persistent importance of a
“good start” in life by claiming “dynamic complementarities” between prenatal
health shocks and subsequent investments (Heckman, 2007; Currie et al., 2010;
Almond and Currie, 2011B). Our results underscore the importance of a “good
start,” but in a quite different way. Immaturity may affect the life course of
surviving infants permanently by causing morbidities that have their origins in
the perinatal period. Other causal effects of birthweight also exist, but they are
likely to fade out over time, as implied in standard health capital models.
Children who survive their infancy and avoid permanent morbidities can catch
up, and in this sense, immaturity itself is not a critical initial condition.

More generally, our IV approach highlights the fact that birthweight is a proxy
for multi-dimensional neonatal health endowments, and the interpretation of the
“birthweight effect” depends on what exogenous variation the proxy reflects.
The qualitative contrast between our 1V results and the results typically found
in the twin fixed-effects studies warns policies that merely target birthweight.

We did not explore potential effect heterogeneity, although it may offer
insights into the mechanism behind the estimated birthweight effects. Splitting
the sample across various dimensions is a standard approach to studying effect
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heterogeneity, but the very low incidence rate of placenta previa prevents us
from precise estimation in such subgroup analysis, and hence we focused this
paper on reconciling findings of various outcomes and findings from different
econometric approaches, leaving the investigation of effect heterogeneity for
future research.

Finally, reconciling the different findings from our IV approach and the twin
studies warrants further investigation. Future research calls for a better
understanding of the causal mechanism behind the short- and long-term effects.
For the short-term effect, the pathology literature of premature birth offers the
evidence of direct causal pathways. For example, underdevelopment of the lung
of premature infants can cause lung injury and consequent brain hemorrhage
(Institute of Medicine, 2007), which may result in neurodevelopmental
disabilities. On the other hand, we have limited knowledge of the causal
mechanism behind the long-term effect. Figlio et al. (2014) study the cognitive
development of children in Florida and conclude that the effects of birthweight
are set very early in life and are similar across family backgrounds. Cook and
Fletcher (2015) report that genes related to neuroplasticity influence the size of
the birthweight effect. Nevertheless, the findings from twin studies that a shock
at birth has a limited short-term effect but persistent long-term effects are still
puzzling because in standard health capital models, in which health capital
depreciates over time, the effects of events further in the past should fade out
(Almond and Currie, 2011A). The literature often refers to David J. Barker’s
“fetal origins” hypothesis, which claims that the intrauterine environment,
particularly in respect of nutrition, “programs” the fetus to have particular
metabolic characteristics which can lead to future adult diseases even if there is
no immediate impact (Barker, 1995), but the empirical basis for this hypothesis
remains controversial, particularly for immature infants (Institute of Medicine,

2007, p. 387), but also in laboratory mammal studies (Lagisz et al., 2014).
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TABLE 1: CHARACTERISTICS OF CHILDREN AND PARENTS

Births without Births with
placenta previa placenta previa
All singleton births (1981-2013)
N and proportions 1,937,355 99.59% 7913 0.41%
Birthweight (in grams) 3,495.2 (564.7) 2,943.3 (761.0)
Log(Birthweight) 8.143 (0.187) 7.944  (0.321)
Birthweight < 3,500g (birthweight less than average) 0.479  (0.500) 0.771  (0.421)
Birthweight < 2,500g (low birth weight, LBW) 0.037  (0.190) 0.237  (0.425)
Birthweight < 1,500g (very low birth weight, VLBW) 0.006 (0.077) 0.052 (0.222)
Gestation (in days since conception) 279.6 (12.6) 2609 (22.4)
Female 0.487  (0.500) 0.455 (0.498)
Birth order 1.797  (0.927) 1.963  (1.033)
Mother’s age at conception 28.12 (4.94) 29.97 (5.15)
Parity (number of past pregnancies) 1.146 (0.931) 1.356 (1.120)
Any past cesarean section 0.091 (0.287) 0.170 (0.376)
Cesarean section during the past 2 years 0.012 (0.107) 0.022 (0.145)
Number of past cesarean sections 0.101 (0.338) 0.204 (0.494)
Number of past abortions recorded (both spontaneous and 0.330 (0.718) 0.490 (0.886)
induced)
Indicator for stillbirth in the past 0.008 (0.090) 0.014 (0.118)
Number of days in hospital between 90 days before and 0.169 (2.203) 0.199 (1.498)
after conception (excl. obstetrics-related admission)
Indicator for mother’s smoking during pregnancy (available 0.200 (0.400) 0.208  (0.406)
only for 1991 and onwards)
Cohabitation with biological father on Jan 1 before birth 0.850 (0.357) 0.852  (0.355)
Married at delivery (may not be with biological father) 0.545 (0.498) 0.586 (0.493)
Mother’s education
Less than 9 years 0.045 (0.208) 0.063 (0.243)
9 years (reference group) 0.228 (0.420) 0.232 (0.422)
Upper secondary education 0.414 (0.493) 0.380 (0.485)
Tertiary education (low and medium) 0.226 (0.418) 0.237 (0.426)
Tertiary education (high) 0.087 (0.281) 0.087 (0.282)
Mother working in previous year 0.812 (0.391) 0.818 (0.386)
Mother’s labor income in previous year (measured in 0.179 (0.135) 0.185 (0.142)
millions of 2010 Danish Krone, DKK1,000,000)
Father’s information missing 0.010  (0.099) 0.013 (0.115)
Father’s age at conception 30.85 (5.82) 3238 (6.11)
Father’s education
Less than 9 years 0.064 (0.244) 0.081 (0.273)
9 years (reference group) 0.174 (0.379) 0.155 (0.362)
Upper secondary education 0.484  (0.500) 0.470  (0.499)
Tertiary education (low and medium) 0.170 (0.376) 0.175 (0.380)
Tertiary education (high) 0.108 (0.310) 0.119 (0.324)
Father working in previous year 0.903 (0.296) 0.915 (0.278)
Father’s labor income in previous year (DKK1,000,000) 0.273  (0.199) 0.284  (0.206)
Household wealth income in previous year (DKK1,000,000) 0.044 (0.346) 0.046 (0.188)
Household public transfer in previous year (DKK1,000,000) 0.066  (0.081) 0.069 (0.084)
Immigrant indicator (either parent or both) 0.141  (0.348) 0.139  (0.346)

Notes: Based on singleton births only. Standard deviations are in parentheses. Parental income variables are
measured in millions of 2010 Danish Krone (DKK1,000,000 ~ EUR134,000, Nov 12, 2015), deflated by the
consumer price index. The variables regarding smoking, maternal education, and the father’s characteristics
are not observed for every child. In the regression analysis, these variables are set to zero when missing, and
indicators for a missing value are used. In this table, the summary statistics of each variable are based on
observations for which the variable is not missing.
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TABLE 2: PREDICTABILITY OF SELECTED OBSTETRIC COMPLICATIONS AND BIRTH OUTCOMES

Dependent variable: Incidence R?

Placenta previa 0.41% 0.0020
Placental abruption 0.49% 0.0026
Breech position 3.73% 0.0102
Prolonged labor 26.67% 0.0927
Low birthweight (BW<2,5009) 3.83% 0.0250
Preterm (<37 weeks) 4.65% 0.0290
Born in 1st quarter 24.24% 0.0059
Born in 4th quarter 23.62% 0.0080
Multiple birth 1.75% 0.0150
Baby female 48.66% 0.0001

Notes: The results are based on OLS linear probability regressions with the cohorts born 1981-2013. The
number of observations is 1,945,268. Each regression includes the full set of control variables; see Model
[1] in Table 4 for the detailed specification. In the multiple birth regression, the unit of observations is a
delivery with at least one live-born child rather than a singleton birth, and N=1,979,919. Some controls are
not used due to the nature of the outcome variables: e.g., monthly dummies in quarter-of-birth models and
sex in the models of multiple birth and sex.
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TABLE 3: DEFINITIONS AND SUMMARY STATISTICS OF OUTCOME VARIABLES

Outcome variables Birth cohort Mean: Mean: Population conditional on:
Overall <2,500g

Health outcomes
Infant mortality (within 365 days of birth) 1981-1995 0.006 0.066 Live birth
Infant mortality (within 365 days of birth) 1996-2013 0.003 0.048 Live birth
5 minute APGAR score 1981-1995 9.876 9.368 Live birth
5 minute APGAR score 1996-2013 9.865 9.431 Live birth
Received CPAP (Continuous Positive 2002-2013 0.033 0.328 Live birth
Airway Pressure) in neonatal ward
Neurodevelopmental disability by 2nd 1981-1995 0.002 0.018 Survival up to 2nd birthday
birthday
Neurodevelopmental disability by 2nd 1996-2011 0.002 0.017 Survival up to 2nd birthday
birthday
Mental retardation by 10th birthday 1981-1991 0.005 0.020 Survival up to 10th birthday
Mental retardation by 10th birthday 1992-2003 0.006 0.019 Survival up to 10th birthday
Number of days in hospital by 2nd birthday 1981-1995 6.53 24.09 Survival up to 2nd birthday
Number of days in hospital by 2nd birthday 1996-2011 4.69 25.35 Survival up to 2nd birthday
Hospital admission: 2nd to 5th birthday 1981-1993 0.171 0.256 Survival up to 5th birthday
Hospital admission: 5th to 10th birthday 1981-1993 0.174 0.238 Survival up to 10th birthday
Hospital admission: 10th to 15th birthday 1981-1993 0.141 0.178 Survival up to 15th birthday
Hospital admission: 15th to 20th birthday 1981-1993 0.165 0.193 Survival up to 20th birthday
Purchased medication for asthma: before the 1995-2004.6 0.515 0.624 Survival up to 3rd birthday
3rd birthday
Purchased medication for asthma: 3rd to 6th 1995-2004.6 0.230 0.325 Survival up to 6th birthday
birthday
Purchased medication for asthma: 6th to 9th 1995-2004.6 0.123 0.178 Survival up to 9th birthday
birthday

Educational attainment
Completed Grade 9 by the year of age 16 1981-1997 0.846 0.744 Observed Jan 1 before age 17
Standardized score of national exam at Grade ~ 1986-1997 0.016 -0.122 Observed Jan 1 before age 17
9 (= age 16): Mean of 4 mandatory subjects and exam scores of at least 3

subjects at age 15, 16, or 17

Standardized exam score: Danish (oral) 1986-1997 0.029 -0.063 Same as above
Standardized exam score: Danish (written) 1986-1997 0.048 -0.073 Same as above
Standardized exam score: English 1986-1997 0.006 -0.082 Same as above
Standardized exam score: Mathematics 1986-1997 0.049 -0.174 Same as above
Standardized exam score: Science 1986-1997 0.018 -0.098 Same as above

Other socioeconomic outcomes
Income (excl. public transfer, in 2010 DKK) 1981-1989 144,239 135,275 Observed Jan 1 before age 24
in the year of age 24
Worked or student in year of 22nd birthday 1981-1990 0.873 0.800 Observed Jan 1 before age 22
Receipt of disability pension during the three  1981-1992 0.011 0.039 Observed Jan 1 before age 21
calendar years of age 19 to 21
Number of weeks on disability pension: the 1981-1992 1.318 5.000 Observed Jan 1 before age 21
three calendar years of age 19 to 21
Total amount of disability pension (in 2010 1981-1991 4,651 17,517 Observed Jan 1 before age 21
DKK): 3 calendar years of age 19 to 21
Teen motherhood (pregnancy started before 1981-1993 0.049 0.060 Women, survival up to 20th
20th birthday, abortions included) birthday
Teen fatherhood (pregnancy started before 1981-1993 0.012 0.014 Men, survival up to 20th
20th birthday, abortions included) birthday
Birthweight of the first child by age 22: 1981-1992 3,3925 3,180.2 Women, 1st child by the year
Women of age 22
Birthweight of the first child by age 22: Men ~ 1981-1992 3,386.4 3,330.1 Men, 1st child by the year of

age 22

Any criminal sentence by 22nd birthday 1981-1992 0.122 0.125 Survival up to 22nd birthday
Confinement by 22nd birthday 1981-1992 0.045 0.049 Survival up to 22nd birthday
Any violent crime charge by 22nd birthday 1981-1992 0.038 0.038 Survival up to 22nd birthday

Notes: All statistics are based on singleton births only. The two mean values reported are the overall mean
and the mean for low birthweight children (birthweight less than 2,500 grams). Neurodevelopmental
disability comprises cerebral palsy (CP), loss of vision, and hearing impairment. Hospital admission after
age 10 excludes admissions related to pregnancy and birth. (DKK100,000 ~ EUR13,400, Nov 12, 2015).
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TABLE 4: DETERMINANTS OF BIRTHWEIGHT — FIRST-STAGE REGRESSIONS WITH SELECTED VARIABLES

Dependent variable: InBW [1] OLS, no [2] OLS with [3] Sibling FE
controls controls
Placenta Previa -0.200**** -0.188**** -0.177%***
(0.00364) (0.0035) (0.0042)
Female -0.0346**** -0.0375****
(0.00026) (0.00029)
First child -0.0400%**** -0.0314%****
(0.00061) (0.00073)
Birth order 0.0117%*** 0.0197****
(0.00050) (0.00074)
Any past cesarean section 0.0171%*** 0.0557****
(0.0018) (0.0020)
Cesarean section during the past 2 years -0.00468**** 0.000693
(0.0015) (0.0018)
Number of past cesarean sections -0.0372**** -0.0382****
(0.0016) (0.0017)
Number of days in hospital -0.000728**** -0.000177**
around conception (0.000077) (0.000080)
Mother smoked during pregnancy -0.0573**** -0.0188****
(0.00047) (0.00066)
Cohabitation status 0.00849**** 0.00652****
(0.00047) (0.00056)
Married 0.00135%**** 0.00105**
(0.00033) (0.00046)
Father’s age -0.0000794** -0.000594****
(0.0000374) (0.000099)
Parental education (reference: 9 years)
Mother: Less than 9 years -0.00721%*=**
(0.00095)
Mother: Upper secondary 0.0158****
(0.00047)
Mother: Tertiary (low/medium) 0.0246****
(0.00056)
Mother: Tertiary (high) 0.0253****
(0.00074)
Father: Less than 9 years -0.00564**** -0.000877
(0.00080) (0.00185)
Father: Upper secondary 0.00617**** 0.00386****
(0.00046) (0.00096)
Father: Tertiary (low/medium) 0.0122%*** 0.00467****
(0.00057) (0.00128)
Father: Tertiary (high) 0.0146%*** 0.00030
(0.00068) (0.00159)
Father working 0.0025**** 0.0024****
(0.00059) (0.00073)
Father’s labor income -0.000088 -0.00101
(in DKK 1,000,000 ~ EUR 134,000) (0.000875) (0.00124)
Household annual wealth income 0.00165** 0.00036
(in DKK 1,000,000 ~ EUR 134,000) (0.00067) (0.00060)
Household annual public transfer -0.0575**** -0.0200****
(in DKK 1,000,000 = EUR 134,000) (0.00255) (0.00323)
Either parent immigrant -0.0178**** -0.0134****
(0.00056) (0.0020)
F statistics for significance of IV 3020.0 2878.3 1800.2
R? 0.0046 0.0805 0.0880
N 1,945,268 1,945,268 1,576,311

Notes: The overall mean of InBW is 8.143. The cohort born 1981-2013 is used. Standard errors robust to
heteroskedasticity and grandmother clusters are in parentheses. The three models reported are: [1] OLS with
no control; [2] OLS with controls; and [3] OLS with sibling fixed effects. Control variables used but not
reported in the table are: year- and month-of-birth dummies; county dummies; major hospital dummies,
indicators for the mother’s age at conception (one dummy for every two years); indicators for parity (1, 2,
3, and 4+); indicators for the mother’s past stillbirth and past abortions (1 and 2+); the mother’s labor income
and working status in the previous year; and indicators for missing father identifier and missing education
information of the mother and father. The mother’s working status and income are interacted with month-

of-conception dummies. * p<0.1, ** p<0.05, *** p<0.01, **** p<0.001.
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TABLE 5: ESTIMATED COEFFICIENTS ON LNBW — HEALTH OUTCOMES

OLS w/o

oLs OLS sibling FE v IV sibling FE
controls
[1A] Infant mortality, cohort 1 (1981-1995) ¥Y=0.0062, N=855,041
-0.0831**** -0.0855**** -0.164**** -0.133**** -0.137****
(0.00167) (0.00172) (0.00348) (0.0142) (0.0266)
[1B] Infant mortality, cohort 2 (1996-2013) ¥=0.0032, N=1,089,688
-0.0651**** -0.0677**** -0.123**** -0.0355%*** -0.0297*
(0.00149) (0.00155) (0.00294) (0.00826) (0.0160)
[2A] 5 minute APGAR score, cohort 1 (1981-1995) Y=9.876, N=847,194
0‘579**** 0‘579**** 0‘909**** 1‘561**** 1.470****
(0.00985) (0.0102) (0.0209) (0.102) (0.176)
[2B] 5 minute APGAR score, cohort 2 (1996-2013) ¥=9.865, N=1,084,201
0.498**** 0.500**** 0.793**** 0.972**** 1.023****
(0.0109) (0.0114) (0.0220) (0.0862) (0.135)
[3] Received CPAP in neonatal ward (2002-2013) ¥=0.033, N=711,746
-0.256**** -0.256**** -0.286**** -1.011%*** -1.024%***
(0.00263) (0.00269) (0.00521) (0.0403) (0.0635)
[4A] Neurodevelopmental disability by age 2, cohort 1 (1981-1995) ¥=0.0025, N=846,964
-0.0186**** -0.0189**** -0.0247**** -0.0308**** -0.0240*
(0.000785) (0.000808) (0.00156) (0.00877) (0.0129)
[4B] Neurodevelopmental disability by age 2, cohort 2 (1996-2011) ¥=0.0024, N=973,479
-0.0143**** -0.0146%*** -0.0190**** -0.0217*** -0.0260**
(0.000654) (0.000680) (0.00130) (0.00736) (0.0104)
[5A] Mental retardation diagnosis by age 10, cohort 1 (1981-1991) ¥=0.0045, N=583,355
-0.0182**** -0.0179**** -0.0255%*** -0.0275** -0.0569***
(0.000897) (0.000916) (0.00198) (0.0117) (0.0218)
[5B] Mental retardation diagnosis by age 10, cohort 2 (1992-2003) ¥=0.0058, N=742,962
-0.0159**** -0.0153**** -0.0210%*** -0.00701 0.0133
(0.000790) (0.000820) (0.00167) (0.00900) (0.0124)
[6A] Days in hospital before 2nd birthday, cohort 1 (1981-1995) ¥=6.53, N=846,964
-20.05%*** -19.65%*** -24.94% %% -44 35%*** -39.56%***
(0.179) (0.184) (0.321) (1.820) (2.879)
[6B] Days in hospital before 2nd birthday, cohort 2 (1996-2011) Y=4.69, N=973,479
_21.13**** _20.85**** _25.18**** _37.78**** _34.96****
(0.171) (0.176) (0.299) (1.186) (1.613)
[7A] Hospitalization: 2nd to 5th birthday (1981-1993) ¥=0.171, N=712,737
-0.113**** -0.102%*** -0.119**** -0.185**** -0.128
(0.00280) (0.00287) (0.00646) (0.0422) (0.0831)
[7B] Hospitalization: 5th to 10th birthday (1981-1993) ¥=0.174, N=709,896
-0.0869**** -0.0764**** -0.0855**** -0.133*** -0.0940
(0.00276) (0.00284) (0.00636) (0.0422) (0.0825)
[7C] Hospitalization: 10th to 15th birthday (1981-1993) ¥=0.141, N=708,091
-0.0538**** -0.0408**** -0.0383**** -0.0904** -0.0717
(0.00250) (0.00258) (0.00592) (0.0387) (0.0777)
[7D] Hospitalization: 15th to 20th birthday (1981-1993) Y=0.165, N=705,355
-0.0523**** -0.0274**** -0.0116* -0.0611 -0.0341
(0.00261) (0.00269) (0.00620) (0.0401) (0.0819)
[8A] Medication for asthma: before the 3rd birthday (1995-2004.06) ¥=0.515, N=590,135
-0.144%*** -0.0971%*** -0.117%x*** -0.338**** -0.434****
(0.00363) (0.00370) (0.00827) (0.0569) (0.101)
[8B] Medication for asthma: 3rd to 6th birthday (1995-2004.06) ¥=0.230, N=585,663
-0.124**** -0.0935**** -0.103**** -0.278**** -0.265***
(0.00330) (0.00342) (0.00736) (0.0528) (0.0879)
[8C] Medication for asthma: 6th to 9th birthday (1995-2004.06) Y=0.123, N=581,857
-0.0615**** -0.0553**** -0.0595**** -0.160**** -0.163**
(0.00266) (0.00276) (0.00609) (0.0430) (0.0733)

Notes: The description of each outcome variable is followed by the birth years of the cohort used, the mean
values of the outcome variable, and the numbers of observations in the OLS and first-child regressions,
respectively. The effective number of observations of the fixed-effects regression is smaller than that of OLS.
Standard errors robust to heteroskedasticity and grandmother clusters are in parentheses. For the list of
control variables included in each regression, see the note to Table 4. * p<0.1, ** p<0.05, *** p<0.01, ****
p<0.001.
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TABLE 6: ESTIMATED COEFFICIENTS ON LNBW — SOCIOECONOMIC OUTCOMES

OLS wlo oLs OLS sibling FE v IV sibling FE
controls
[1] Completed Grade 9 by year of age 16 (1981-1997) Y=0.846, N=942,141
0.151%*** 0.153**** 0.142%*** 0.135%*** 0.125**
(0.00240) (0.00226) (0.00458) (0.0332) (0.0577)
[2] Standardized exam score, Grade 9: overall mean (1986-1997) Y=0.016, N=627,364
0.303**** 0.183**** 0.129%*** -0.125 -0.122
(0.00607) (0.00552) (0.0104) (0.0851) (0.130)
[2A] Standardized exam score, Grade 9: Danish (oral) (1986-1997) ¥=0.029, N=625,552
0.136**** 0.124%*** 0.0894**** -0.157 -0.145
(0.00761) (0.00730) (0.0158) (0.114) (0.198)
[2B] Standardized exam score, Grade 9: Danish (written) (1986-1997) Y=0.048, N=627,260
0.168**** 0.168**** 0.127%%*** -0.0849 -0.0938
(0.00698) (0.00647) (0.0125) (0.100) (0.157)
[2C] Standardized exam score, Grade 9: English (1986-1997) Y=0.006, N=614,660
0.195%*** 0.110%*** 0.0541**** -0.259** -0.265
(0.00785) (0.00759) (0.0151) (0.116) (0.187)
[2D] Standardized exam score, Grade 9: Mathematics (1986-1997) ¥=0.049, N=625,492
0.551**** 0.317%*** 0.237%*** 0.0390 -0.0494
(0.00749) (0.00696) (0.0133) (0.108) (0.167)
[2E] Standardized exam score, Grade 9: Science (1986-1997) ¥=0.018, N=599,824
0.278**** 0.142%*** 0.102%*** -0.177 0.0311
(0.00777) (0.00756) (0.0164) (0.123) (0.209)
[3] Income in the year of age 24, excl. public transfers (1981-1989) Y=144,239, N=457,246
23064.8**** 13174.7%*** 17600.8**** -4447.7 -9764.1
(1579.2) (1787.2) (2625.2) (17699.5) (33437.5)
[4] Worked or was a student in the year of age 22 (1981-1990) Y=0.873, N=517,725
0.124%*** 0.0819**** 0.0797**** 0.0989** 0.0796
(0.00298) (0.00297) (0.00708) (0.0433) (0.0850)
[5A] Receipt of disability pension over 3 years age 19-21 (1981-1992) ¥=0.011, N=641,978
-0.0359**** -0.0349**** -0.0501**** -0.0511*** -0.0871***
(0.00124) (0.00127) (0.00271) (0.0159) (0.0298)
[5B] Number of weeks of disability pension age 19-21 (1981-1992) Y=1.318, N=641,978
-4.676%*** -4.601**** -6.890**** -5.837*** -10.32%**
(0.168) (0.172) (0.371) (2.067) (3.897)
[5C] Total disability pension transfers, 3 years age 19-21 (1981-1991) Y=4,651, N=579,123
-16619.6****  -16468.7**** -24871.6%*** -21805.7*** -38693.7**
(648.1) (662.3) (1477.2) (8075.4) (15923.6)
[6A] Teen motherhood before 20th birthday (1981-1993) Y=0.049, N=343,566
-0.0378**** -0.0101**** 0.0177** 0.0257 0.207*
(0.00218) (0.00217) (0.00761) (0.0336) (0.110)
[6B] Teen fatherhood before 20th birthday (1981-1993) ¥=0.012, N=361,841
-0.00719%*** -0.00162 0.00648* 0.0248** 0.0430
(0.00102) (0.00105) (0.00383) (0.0125) (0.0422)
[7A] Birthweight of the first child by age 22: women (1981-1992) Y=3,392, N=23,544
679.3%*** 688.5%*** 352.4%** -35.86 142.5
(24.20) (24.63) (132.5) (374.6) (2029.4)
[7B] Birthweight of the first child by age 22: men (1981-1992) ¥=3,386, N=9,839
370.7%*** 360.1**** -234.7 -351.0 1797.2
(35.01) (36.56) (431.3) (417.1) (3772.8)
[8A] Any criminal sentence by 22nd birthday (1981-1992) ¥=0.122, N=640,433
-0.00961**** -0.00405* 0.0342%*** 0.0376 0.0376
(0.00236) (0.00234) (0.00540) (0.0359) (0.0683)
[8B] Confinement by 22nd birthday (1981-1992) ¥=0.045, N=640,433
-0.00965****  -0.00512**** 0.0222%*** 0.0470** 0.0584
(0.00150) (0.00152) (0.00366) (0.0221) (0.0433)
[8C] Any charge of violent crime by 22nd birthday (1981-1992) ¥=0.038, N=640,433
-0.00166 0.00117 0.0172%*** 0.0310 0.0135
(0.00135) (0.00138) (0.00336) (0.0208) (0.0429)

Notes: The short description of each outcome variable is followed by the birth years of the cohort used, the
mean values of the outcome variable, and the numbers of observations in the OLS and first-child regressions,
respectively. The effective number of observations of the fixed-effects regression is smaller than that of OLS.
Standard errors robust to heteroskedasticity and grandmother clusters are in parentheses. For the list of
control variables included in each regression, see the note to Table 4. DKK100,000 ~ EUR13,400 (Nov 12,
2015). * p<0.1, ** p<0.05, *** p<0.01, **** p<0.001.
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TABLE 7: LOW BIRTHWEIGHT EFFECT BY THRESHOLD

OLS v
Outcome variables BW<3500g BW<2500g BW<1500g BW<3500g BW<2500g BW<1500g
Infant mortality 0.00675**** 0.0605**** 0.261**** 0.107**** 0.124**** 0.462****
cohort 1 (0.000171) (0.00130) (0.00606) (0.0126) (0.0140) (0.0498)
Infant mortality 0.00426%*** 0.0454%*** 0.199%*** 0.0212%***  (0.0380****  (0.208****
cohort 2 (0.000116) (0.00109) (0.00501) (0.00511) (0.00900) (0.0465)
APGAR score -0.0477%*** -0.512%*** -1.674%%x* -1.227%%*** SLAQTHARx G TR
cohort 1 (0.00133) (0.00812) (0.0363) (0.0908) (0.100) (0.508)
APGAR score -0.0288**** -0.432%*** -1.498%*** -0.574%*** -1.038**** .5 Qh2%***
cohort 2 (0.00128) (0.00824) (0.0359) (0.0531) (0.0961) (0.723)
Neurodevelopment ~ 0.00185**** 0.0151**** 0.0470%*** 0.0167****  (0.0253****  (.139****
disability by age 2 (0.0000762) (0.00507) (0.00235) (0.00368) (0.00553) (0.0309)
Mental retardation ~ 0.00273**** 0.0142%*** 0.0283**** 0.0114** 0.0155** 0.0797**
by age 10 (0.000131) (0.000632) (0.00234) (0.00502) (0.00680) (0.0356)
Days in hospital 1.980**** 19.14%***=* 60.33**** 26.38**** 30.88**** 219.6%***
before 2™ birthday (0.0174) (0.114) (0.408) (0.935) (1.213) (12.95)
Hospitalization 0.0182**** 0.0759%*** 0.178**** 0.139%*** 0.163**** 0.814%****
2nd-5th birthday (0.000913) (0.00260) (0.00836) (0.0321) (0.0373) (0.196)
Hospitalization 0.0135%*** 0.0552%*** 0.129%*** 0.100%*** 0.117%** 0.585***
5-10th birthday (0.000923) (0.00256) (0.00813) (0.0318) (0.0370) (0.191)
Hospitalization 0.00689**** 0.0313**** 0.0696**** 0.0681** 0.0793** 0.396**
10-15th birthday (0.000850) (0.00232) (0.00727) (0.0291) (0.0339) (0.173)
Hospitalization 0.00549%*** 0.0189%**** 0.0373**** 0.0460 0.0535 0.267
15-20th birthday (0.000908) (0.00240) (0.00716) (0.0302) (0.0351) (0.176)
Complete Grade 9 -0.0353****  -0.0886**** -0.196%*** -0.0974%*** .0, 122****  -0,608****
by age 16 (0.000704) (0.00213) (0.00675) (0.0243) (0.0302) (0.155)
Exam score -0.0513****  -0,0778**** -0.125%*** 0.0839 0.118 0.626
Overall mean (0.00186) (0.00494) (0.0141) (0.0571) (0.0803) (0.433)
Exam score -0.0859**** -0.136**** -0.259%*** -0.0262 -0.0369 -0.195
Mathematics (0.00234) (0.00629) (0.0179) (0.0722) (0.102) (0.537)
Income age 24 -3133.8%***  .7790.2%***  -22215.6%*** 3276.9 3812.6 19786.6
(excl. transfers) (534.3) (1172.8) (2966.1) (13040.0) (15167.9) (78881.1)
Work or student -0.0169****  -0,0537**** -0.125%*** -0.0743** -0.0850** -0.431**
age 22 (0.000927) (0.00271) (0.00895) (0.0327) (0.0373) (0.192)
Disability pension 0.00537**** 0.0279%*** 0.0727%*** 0.0385*** 0.0446*** 0.220%***
age 19-21 (0.000266) (0.00121) (0.00513) (0.0121) (0.0139) (0.706)
Criminal sentence 0.00552****  .0.0119**** -0.0341%*** -0.0283 -0.0328 -0.162
by age 22 (0.000811) (0.00204) (0.00553) (0.0271) (0.0314) (0.155)
Confinement 0.00368****  -0.00470****  -0.0149**** -0.0355** -0.0411** -0.203**
by age 22 (0.000527) (0.00136) (0.00352) (0.0168) (0.0193) (0.0969)
Violent crime 0.00154*** -0.00625**** -0.0173%*** -0.0234 -0.0271 -0.134
by age 22 (0.000489) (0.00121) (0.00300) (0.0157) (0.0181) (0.0902)

Notes: The description of each outcome variable, shown at the beginning of each row, is abbreviated to save
space. For detailed descriptions, birth cohorts used, and the number of observations, see Tables 1, 5 and 6.
Standard errors robust to heteroskedasticity and grandmother clusters are in parentheses. For the list of
control variables included in each regression, see the note to Table 4. * p<0.1, ** p<0.05, *** p<0.01, ****

p<0.001.
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TABLE 8: PLAUSIBLE SIZE OF BIAS IN PLACENTA PREVIA |V REGRESSION

Case 1 Case 2 Case 3
GBW = gg‘//v HBW - é\simple OLS GBW - émultiple OLS
BW BW
Dependent variable: ow, Biasin A%, 057 Biasin 4%, OputtPO  Biasin 4,
Infant mortality (1981-2013) -0.0820 -0.0013 -0.0731 -0.0108 -0.0755 -0.0081
Hospital days before age 2 (1981-2011) -41.05 -0.274 -20.87 -18.59 -20.33 -18.91
Exam score: overall mean (1986-1997) -0.125 0.045 0.303 -0.304 0.183 -0.204

Notes: This table shows implied bias which is calculated by Cov(pp, e)/Cov(pp, InBW), where e; is
obtained from the three hypothesized values of true 8,,. The values of Cov(pp, InBW) are -0.00081, -
0.00081, and -0.00078 for the three different periods used for the three dependent variables, respectively.

TABLE 9: COEFFICIENTS ON LNBW — DIFFERENCE BETWEEN TWIN AND SINGLETON ESTIMATORS

Twin Twin Singleton Singleton Singleton Singleton
OLS Fixed Effects OLS Sibling FE [\ Sibling FE IV
[1] Infant mortality (from birth to 365 days) (1981-2013)
-0.187**** -0.0473**** -0.0755%*** -0.132%*** -0.0820%**** -0.0721****
(0.0063) (0.0070) (0.0012) (0.0021) (0.0081) (0.0133)
¥ =0.0185, N = 66,108 Y =0.0045, N = 1,944,729
[1-BDS] 1 year mortality, results from Black, Devereux, and Salvanes (2007), Tables | and 111 (1967-1997)
-0.2796%**** -0.0411%%*** -0.1235%*** -0.1867****
(0.00912) (0.00764) (0.00171) (0.00069)
¥ =0.0311, N = 33,366 ¥ =0.0062, N = 1,253,546
[2] Neurodevelopmental disability diagnosis by 2nd birthday (1981-2011)
-0.0335%*** -0.0073* -0.0166**** -0.0220**** -0.0261**** -0.0202***
(0.0026) (0.0044) (0.0005) (0.0009) (0.0057) (0.0076)
¥ =0.0061, N = 60,013 Y =0.0024, N = 1,820,443
[3] Number of days in hospital before 2nd birthday (1981-2011)
-54 54**** -5.260**** -20.33**** -25.26**** -41.05**** -37.16%****
(0.576) (0.620) (0.128) (0.205) (1.067) (1.467)
¥ =5.54, N = 60,013 Y =5.54, N = 1,820,443
[4] Receipt of disability pension over 3 years at age 19-21 (1981-1992)
-0.0420%*** -0.0238* -0.0349**** -0.0501**** -0.0511%** -0.0871***
(0.00763) (0.0124) (0.00127) (0.00271) (0.0159) (0.0298)
¥ =0.015, N = 14,027 Y =0.011, N = 641,978
[5] National exam score, Grade 9 (=~ age 16): overall mean (1986-1997)
0.111%*** 0.232%*** 0.183**** 0.129%**** -0.125 -0.122
(0.0262) (0.0452) (0.0055) (0.0104) (0.0851) (0.130)
¥ =0.007, N=17,316 Y =0.016, N = 627,364

Notes: In each row, the short description of each outcome variable is followed by the birth years of the cohort
used. Below coefficients estimates and standard errors, the mean values of the outcome variable and the
numbers of observations are shown for twins and singletons, respectively. The effective number of
observations in the fixed-effects regressions is smaller than reported in this table. Standard errors robust to
heteroskedasticity and grandmother clusters are in parentheses. For the list of control variables included in

each regression, see the note to Table 4.
*p<0.1, ** p<0.05, *** p<0.01, **** p<0.001.
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Appendix
Al Constructing Variables

Al.1 - The Construction of the Instrumental Variable

An indicator for placenta previa is constructed by combining two registers:
the birth register and the hospital admission register. We combine them such
that the placenta previa indicator takes the value of one if either of the two data
sources indicates placenta previa. The hospital admission register is used as
follows. For each pregnant mother, we collect all inpatient episodes that overlap
the period between 270 days prior to birth and 5 days after birth. Placenta previa
is identified if we observe a diagnosis with the ICD code of placenta previa in
any admission episode within this time window. The two registers provide
consistent information in most cases.

In our data from 1981 to 2013, 7,913 births are associated with placenta previa,
and its incidence is 0.41%, which is within the range found in the literature. In
a meta-analysis of 58 studies, Faiz and Ananth (2003) report that placenta previa

is a complication in 0.35 to 0.46% of pregnancies.

Al.2 — Further Notes on Control Variables

The regression models include a number of control variables. It is standard in
the literature to use control variables that are defined at birth, but we use control
variables defined at conception when it is possible and appropriate. This is
because birthweight is strongly related to the timing of birth, hence control
variables defined at birth may cause endogeneity bias. The estimated date of
conception is available for most observations. For a very few cases in which
gestational age is unavailable (0.6% of the entire sample), we impute the
gestation length from a regression on birthweight, sex, maternal age, and other
variables.

Further notes on the definition and construction of control variables are

provided below.

50



- Parental income variables. In the register, labor income may take
negative values mainly because it includes business income. As we
intend to measure labor supply and labor productivity, we convert
negative values to zero. Household public transfers also take negative
values, though these are not common. These negative values are also
replaced with zero. For wealth income, original negative values are
retained.

- Father’s age. In very rare cases (less than 0.1% of the final sample),
information on the father’s age is missing. For these cases, the father’s
age is imputed by an OLS regression based on available information
such as the mother’s age, education, income, marital status, and year
dummies.

- County dummy variables. Under legislation effective until 2006, Denmark
was divided into fourteen counties and two major municipalities in
Copenhagen. We construct fourteen dummy variables, with the two
major municipalities being the reference group. The Municipal Reform
of 2007 replaced these counties with five regions, but we maintain the
old county definitions for the entire period of the analysis. One of the
fourteen counties, Bornholm county, is merged with the municipalities
of Copenhagen and Frederiksberg because the observations from
Bornholm only account for 0.5% of the population, and because
Bornholm became a part of the Region of Copenhagen following the

2007 reform.
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- Major hospital dummy variables. We use the hospital identifier to
construct major hospital dummies. Births at home and births at places
outside hospitals are grouped as the reference group. Hospital dummies
are created for the 40 major hospitals - hospitals with at least 10,000
birth records between 1980 and 2013. Births at a hospital with fewer
birth records and births whose hospital identifier is missing are grouped
as “other hospitals.” Births at the major hospitals account for 96.5% of

all the births between 1980 and 2013.

Al.3 — Constructing Outcome Variables: Health
This study uses the following health-related outcomes:

- Infant mortality. Mortality within the first 365 days, conditional on live
birth.

- APGAR score. APGAR score is a widely used indicator to summarize the
health of newborn children. It consists of five criteria and ranges from
zero to ten. Scores seven and above are generally regarded as normal.
We use the five-minute APGAR score, which is available in the birth
register.

- Continuous Positive Airway Pressure (CPAP) in the neonatal ward. This
is another variable available in the birth register that captures neonatal
health. CPAP is used to treat preterm infants whose lungs have not yet
fully developed, such as infants with respiratory distress syndrome, to

improve survival and reduce steroid treatment for their lungs.
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- Neurodevelopmental disability. The medical literature identifies low
birthweight as a risk factor for neurodevelopmental disability. We
construct an indicator for neurodevelopmental disability that consists of
three conditions: cerebral palsy, loss of vision, and hearing impairment.
These conditions are identified from the ICD diagnosis codes in the
hospital admission register. We identify cerebral palsy from diagnosis
records regardless of the age of the child, whereas the other two
conditions are identified based on diagnosis records up to the second
birthday, because impairment of vision and hearing may occur later for
reasons unrelated to birth.

- Mental retardation. The epidemiology literature on mental retardation
consistently finds that the number of identified cases increases with the
age of the child up to age 10-14 years, which probably reflects the
increase in case ascertainment resulting from mental retardation being
more apparent among school-age children (Leonard and Wen, 2002).
For this reason, we construct an indicator of mental retardation based on
diagnosis at any time before the 10th birthday. Since this variable is
based on the hospital register, mild cases are likely to be
underrepresented. Outpatient records are available in the hospital
register only after 1995. The mental retardation variables used here
include diagnosis from outpatient records, but the exclusion of
outpatient records from this variable does not change our results apart

from slightly reducing the incidence rate after 1995.
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- Number of days in the hospital before the second birthday. The hospital
stay immediately after birth is counted only if it is recorded as hospital
admission for clinical reasons.

- Hospitalization. These indicators are for admission to somatic hospital
departments for different age brackets.

- Medication purchase for asthma. This is an indicator for the recorded
purchase of asthma medicines, being constructed from the medicine
database register. This register records all purchases of prescription
drugs since 1995. We identify asthma drugs by the anatomical
therapeutic chemical (ATC) classification system, including drugs with
ATC-code RO3 as asthma drugs. Most of the RO3 drugs are used by
people with the chronic obstructive pulmonary disease (COPD), but
COPD patients are predominantly (ex-)smokers; hence with our age

restrictions, this indicator captures children with asthma quite accurately.

Al.3 — Constructing Outcome Variables: Education, Social Welfare, and Other
Socioeconomics

We also study a number of socioeconomic outcomes:

- Grade 9 completion. This is an indicator for whether the child has
completed the 9th grade (i.e., compulsory education) by the year the
child reaches age 16. Because dropouts and grade retention are quite rare
in Denmark, this variable effectively measures children’s school entry
decision at age 7. The vast majority of children start the 1st grade in

elementary school in the calendar year in which they turn 7 years old,
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but some parents, typically parents of children born later in the calendar
year, choose to start one year later.

- Test scores. In Denmark, a national compulsory exam is held at the end
of the 9th grade, and exam scores have been recorded in the register data
since 2002. We use the standardized scores in four mandatory subjects:
Danish, Mathematics, English, and Science (Physics and Chemistry). In
addition to the average scores over these four subjects, we also use the
score in each subject. For Danish, scores from written and oral tests are
available separately; we therefore report the results of the five individual
scores, as well as the overall average. Although these subjects are
mandatory for all students, not all students take the exams and scores are
occasionally missing, so the number of observations varies across
subjects. As long as we observe the student’s exam scores in the majority
of the subjects, we retain his or her available exam scores and compute
the overall mean, even if a student has a missing score.!’ In addition, the
age of students at the end of the 9th grade varies for numerous reasons.
We include only students whose exam scores are recorded when they
are 15, 16, or 17 years old. In the raw data, 4.5% of students are excluded
because there are too few recorded marks. 1.2% are excluded because

they are 18 years or older. Fewer than 0.1% graduate before age 15.

17 . . . . .
In more detail, the exam score variables are constructed from seven exam scores available in the raw data: Danish

oral, Danish written presentation, Danish written spelling, math written arithmetic, math written problem solving,
English oral, and science. If a student lacks three or more scores out of these seven subjects, we do not use the rest of
the scores, considering this student to have failed.
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- Income. This variable is annual income in the year of age 24 measured in
2010 Danish Krone (DKK). Public transfers are excluded.

- Work or student status. This is an indicator for individuals who are either
working or studying in the year when the individual turns 22.

- Disability pension. In Denmark, various social welfare supports are
available for individuals aged 18 or older. The disability pension is for
individuals who have a serious permanent disability that prevents them
from working. We use an indicator for the receipt of a disability pension
during the three calendar years corresponding to age 19 to 21. We also
use the number of weeks on a disability pension and the total amount of
disability pension transferred during the same time window.

- Teen pregnancy. We use an indicator for pregnancy that starts before the
20th birthday, which includes live births, induced and spontaneous
abortions, and stillbirths. For males, this variable means being recorded
as a biological father in the birth register with a date of conception before
his 20th birthday.

- Birthweight of the first child by age 22. Regressions that use this variable
are based on only those individuals who become a parent before the
22nd birthday.

- Criminal offense. We use three indicators for criminal charge or sentence
(excluding traffic offenses) before the 22nd birthday: (1) any criminal
sentence; (2) any confinement (suspended or unconditional sentences),

which is to analyze more serious criminal offenses; and (3) any charge
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for a violent crime (regardless of sentence). Because the age of criminal
responsibility in Denmark is 15 years, criminal charges before age 15
are not included in our data. In fact, the age of criminal responsibility
was lowered to 14 in 2010 and reverted to 15 in 2011. To maintain
consistency, we focus on criminal offense after age 15; criminal charges
before age 15 are extremely rare, and this change does not affect the

results.

Al.4 — Constructing Outcome Variables: Military Conscription Variables

In our data, 76% of males of age 18 or older have records of session
attendance. Among session attenders, national statistics document that
approximately 48% are 18 years old, 27% are 19 years old, and 25% are 20
years old or older (The Danish Defense, 2013). In Denmark, an individual who
IS a conscientious objector has the right to undertake community service, but
attendance at the conscription session is still mandatory. Those who do not show
up for a required session are subject to penalties, including fines and arrest. In
the small number of cases in which multiple session records are observed for
one person, we employ data for the earliest session. We do not include
observations on the few women who (voluntarily) take the examination.

The military conscription register is available only from 2006 to 2014. From
this data, we use the following outcome variables:

- Conscription session attendance.
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- Military service qualification. This indicates whether a person is qualified
for military duty, and it includes qualification with some restriction. This
indicator takes a value of zero when a person does not attend a
conscription session.

- Standardized 1Q score. This variable is constructed conditional on session
attendance. 1Q is measured by a 45 minute validated intelligence test
(called the Bgrge Prien test), which was developed for the Danish draft
board (Mortensen et al., 1989). The score ranges from 0 to 78, with its
distribution reasonably close to normal. We use the standardized score.

- Height (cm), Weight (kg), and BMI. These variables are constructed

conditional on session attendance.
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A2 First-Child and Placenta Previa Regression Results

TABLE A2-1: DETERMINANTS OF BIRTHWEIGHT — FIRST-STAGE REGRESSIONS WITH SELECTED VARIABLES

Dependent variable: InBW [1] OLS, no [2] OLS with [3] Sibling FE [4] 1st Child
controls controls OoLS
Placenta Previa -0.200%**** -0.188**** -0.177%*** -0.175%***
(0.00364) (0.0035) (0.0042) (0.0059)
Female -0.0346%**** -0.0375%*** -0.0315%***
(0.00026) (0.00029) (0.0004)
Any past cesarean section 0.0171%*** 0.0557**** 0.192
(0.0018) (0.0020) (0.198)
Cesarean section during the past 2 years -0.00468**** 0.000693 0.0459**
(0.0015) (0.0018) (0.0189)
Number of past cesarean sections -0.0372%*** -0.0382**** -0.227
(0.0016) (0.0017) (0.198)
Number of days in hospital -0.000728**** -0.000177** -0.000749****
around conception (0.000077) (0.000080) (0.000114)
Mother smoked during pregnancy -0.0573**** -0.0188**** -0.0434****
(0.00047) (0.00066) (0.00066)
Cohabitation status 0.00849**** 0.00652**** 0.00565****
(0.00047) (0.00056) (0.00058)
Married 0.00135**** 0.00105** 0.000915**
(0.00033) (0.00046) (0.000453)
Father’s age -0.0000794** -0.000594**** -0.0000864
(0.0000374) (0.000099) (0.0000504)
Parental education (reference: 9 years)
Mother: Less than 9 years -0.00721**** -0.00857****
(0.00095) (0.00146)
Mother: Upper secondary 0.0158**** 0.0148****
(0.00047) (0.00062)
Mother: Tertiary (low/medium) 0.0246**** 0.0224****
(0.00056) (0.00076)
Mother: Tertiary (high) 0.0253**** 0.0237****
(0.00074) (0.00099)
Father: Less than 9 years -0.00564**** -0.000877 -0.00866****
(0.00080) (0.00185) (0.00113)
Father: Upper secondary 0.00617**** 0.00386**** 0.00711****
(0.00046) (0.00096) (0.00059)
Father: Tertiary (low/medium) 0.0122%*** 0.00467**** 0.0123****
(0.00057) (0.00128) (0.00077)
Father: Tertiary (high) 0.0146**** 0.00030 0.0158****
(0.00068) (0.00159) (0.00091)
Father working 0.0025**** 0.0024**** 0.00090
(0.00059) (0.00073) (0.00081)
Father’s labor income -0.000088 -0.00101 -0.00156
(in DKK 1,000,000 ~ EUR 134,000) (0.000875) (0.00124) (0.00136)
Household annual wealth income 0.00165** 0.00036 -0.00014
(in DKK 1,000,000 ~ EUR 134,000) (0.00067) (0.00060) (0.00119)
Household annual public transfer -0.0575%*** -0.0200**** -0.0441****
(in DKK 1,000,000 ~ EUR 134,000) (0.00255) (0.00323) (0.00426)
Either parent immigrant -0.0178**** -0.0134**** -0.0165****
(0.00056) (0.0020) (0.00075)
F statistics for significance of IV 3020.0 2878.3 1800.2 882.8
R? 0.0046 0.0805 0.0880 0.0529
N 1,945,268 1,945,268 1,576,311 874,736

Notes: The overall mean of InBW is 8.143. The cohort born 1981-2013 is used. Standard errors robust to
heteroskedasticity and grandmother clusters are in parentheses. The four models reported are: [1] OLS with
no control; [2] OLS with controls; [3] OLS with sibling fixed effects; and [4] OLS based on the sample of
first children. Control variables used but not reported in the table are: year- and month-of-birth dummies;
county dummies; major hospital dummies, indicators for the mother’s age at conception (one dummy for
every two years); first-child dummies ([1]-[3] only); birth order ([1]-[3] only); indicators for parity (1, 2, 3,
and 4+); indicators for the mother’s past stillbirth and past abortions (1 and 2+); the mother’s labor income
and working status in the previous year; and indicators for missing father identifier and missing education
information of the mother and father. The mother’s working status and income are interacted with month-
of-conception dummies. * p<0.1, ** p<0.05, *** p<0.01, **** p<0.001.
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TABLE A2-2: ESTIMATED COEFFICIENTS ON LNBW AND PLACENTA PREVIA — HEALTH OUTCOMES

InBW InBW P. Previa InBW InBW P. Previa
OLS \Y4 OLS 1st Child OLS 1st Child IV 1st Child OLS
[1A] Infant mortality, cohort 1 (1981-1995) ¥=0.0062 / 0.0061, N=855,041 / 396,447
-0.0855**** -0.133**** 0.0246**** -0.0871**** -0.126**** 0.0208****
(0.00172) (0.0142) (0.00285) (0.00247) (0.0247) (0.00439)
[1B] Infant mortality, cohort 2 (1996-2013) Y=0.0032/0.0032, N=1,089,688 / 477,981
-0.0677**** -0.0355**** 0.00670**** -0.0667**** -0.0259** 0.00470*
(0.00155) (0.00826) (0.00161) (0.00218) (0.0132) (0.00246)
[2A] 5 minute APGAR score, cohort 1 (1981-1995) ¥=9.876/9.847, N=847,194 / 392,931
0.579%*** 1.561**** -0.279**** 0.600%*** 1.431**** -0.224%***
(0.0102) (0.102) (0.0197) (0.0149) (0.180) (0.0302)
[2B] 5 minute APGAR score, cohort 2 (1996-2013) ¥=9.865 /9.832, N=1,084,201 / 475,945
0.500**** 0.972**** _0.181**** 0.511**** 0.711**** _0.128****
(0.0114) (0.0862) (0.0166) (0.0159) (0.138) (0.0260)
[3] Received CPAP in neonatal ward (2002-2013) ¥=0.033/0.042, N=711,746 / 314,696
-0.256**** -1.011%*** 0.177%*** -0.285**** -0.858**** 0.141%***
(0.00269) (0.0403) (0.00753) (0.00387) (0.0627) (0.0114)
[4A] Neurodevelopmental disability by age 2, cohort 1 (1981-1995) ¥=0.0025 / 0.0027, N=846,964 / 392,635
-0.0189**** -0.0308**** 0.00510%*** -0.0190**** -0.0238 0.00352
(0.000808) (0.00877) (0.00146) (0.00116) (0.0147) (0.00219)
[4B] Neurodevelopmental disability by age 2, cohort 2 (1996-2011) ¥=0.0024 / 0.0026, N=973,479 / 424,325
-0.0146**** -0.0217*** 0.00406*** -0.0147%*%*** -0.0243* 0.00432*
(0.000680) (0.00736) (0.00138) (0.00099) (0.0131) (0.00236)
[5A] Mental retardation diagnosis by age 10, cohort 1 (1981-1991) ¥=0.0045 / 0.0042, N=583,355 / 275,597
-0.0179**** -0.0275** 0.00443** -0.0169**** -0.0350 0.00512
(0.000916) (0.0117) (0.00189) (0.00128) (0.0213) (0.00312)
[5B] Mental retardation diagnosis by age 10, cohort 2 (1992-2003) ¥=0.0058 / 0.0058, N=742,962 / 324,277
-0.0153**** -0.00701 0.00137 -0.0142%**** -0.00176 0.000331
(0.000820) (0.00900) (0.00175) (0.00116) (0.0145) (0.00272)
[6A] Days in hospital before 2nd birthday, cohort 1 (1981-1995) ¥=6.53 / 7.16, N=846,964 / 392,635
-19.65%*** -44 35%*** 7.345%%** -20.83**** -44.94% % 6.669****
(0.184) (1.820) (0.370) (0.256) (2.692) (0.539)
[6B] Days in hospital before 2nd birthday, cohort 2 (1996-2011) ¥=4.69/5.87, N=973,479 / 424,325
_20.85**** _37.78**** 7.049**** _23.46**** _39.17**** 6.980****
(0.176) (1.186) (0.309) (0.257) (2.102) (0.554)
[7A] Hospitalization: 2nd to 5th birthday (1981-1993) ¥=0.171/0.176, N=712,737 / 333,726
-0.102%*** -0.185%*** 0.0306**** -0.0998**** -0.211%** 0.0315***
(0.00287) (0.0422) (0.00704) (0.00409) (0.0778) (0.0116)
[7B] Hospitalization: 5th to 10th birthday (1981-1993) ¥=0.174/0.180, N=709,896 / 332,299
-0.0764**** -0.133*** 0.0221*** -0.0745%*** -0.0187 0.00279
(0.00284) (0.0422) (0.00700) (0.00408) (0.0742) (0.0111)
[7C] Hospitalization: 10th to 15th birthday (1981-1993) ¥=0.141/0.141, N=708,091 / 331,373
-0.0408**** -0.0904** 0.0150** -0.0406**** 0.0153 -0.00229
(0.00258) (0.0387) (0.00641) (0.00367) (0.0666) (0.00996)
[7D] Hospitalization: 15th to 20th birthday (1981-1993) ¥=0.165 /0.162, N=705,355 / 330,028
-0.0274**** -0.0611 0.0101 -0.0261**** -0.0250 0.00376
(0.00269) (0.0401) (0.00666) (0.00379) (0.0705) (0.0106)
[8A] Medication for asthma: before the 3rd birthday (1995-2004.06) Y=0.515/0.539, N=590,135 / 255,376
-0.0971**** -0.338**** 0.0683**** -0.0957**** -0.279*** 0.0572%**
(0.00370) (0.0569) (0.0114) (0.00518) (0.0976) (0.0197)
[8B] Medication for asthma: 3rd to 6th birthday (1995-2004.06) ¥=0.230 / 0.247, N=585,663 / 253,560
-0.0935**** -0.278**** 0.0562**** -0.101**** -0.318**** 0.0647****
(0.00342) (0.0528) (0.0107) (0.00494) (0.0934) (0.0189)
[8C] Medication for asthma: 6th to 9th birthday (1995-2004.06) ¥=0.123 /0.132, N=581,857 / 251,937
-0.0553**** -0.160%*** 0.03247*** -0.0628**** -0.194*= 0.0393**
(0.00276) (0.0430) (0.00869) (0.00405) (0.0774) (0.0156)

Notes: The description of each outcome variable is followed by the birth years of the cohort used, the mean
values of the outcome variable, and the numbers of observations in the OLS and first-child regressions,
respectively. Standard errors robust to heteroskedasticity and grandmother clusters are in parentheses. For
the list of control variables included in each regression, see the note to Table 4. * p<0.1, ** p<0.05, ***
p<0.01, **** p<0.001.
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TABLE A2-3: ESTIMATED COEFFICIENTS ON LNBW AND PLACENTA PREVIA — SOCIOECONOMIC OUTCOMES

InBW InBW P. Previa InBW InBW P. Previa
OLS \Y4 OLS 1st Child OLS 1st Child IV 1st Child OLS
[1] Completed Grade 9 by year of age 16 (1981-1997) ¥=0.846 / 0.845, N=942,141 / 432,587
0.153**** 0.135%*** -0.0226**** 0.146%*** 0.0107 -0.00163
(0.00226) (0.0332) (0.00564) (0.00318) (0.0580) (0.00884)
[2] Standardized exam score, Grade 9: overall mean (1986-1997) ¥=0.016/0.083, N=627,364 / 289,215
0.183**** -0.125 0.0210 0.175%*** -0.0362 0.00543
(0.00552) (0.0851) (0.0142) (0.00749) (0.153) (0.0230)
[2A] Standardized exam score, Grade 9: Danish (oral) (1986-1997) ¥=0.029 /0.093, N=625,552 / 288,473
0.114%%*** -0.157 0.0264 0.116%*** -0.0977 0.0147
(0.00730) (0.114) (0.0192) (0.0101) (0.212) (0.0319)
[2B] Standardized exam score, Grade 9: Danish (written) (1986-1997) Y=0.048/0.118, N=627,260 / 289,180
0.168**** -0.0849 0.0143 0.156%*** 0.132 -0.0198
(0.00647) (0.100) (0.0168) (0.00885) (0.186) (0.0279)
[2C] Standardized exam score, Grade 9: English (1986-1997) ¥=0.006 / 0.048, N=614,660 / 284,161
0.110%*** -0.259** 0.0431** 0.111%*** -0.223 0.0333
(0.00759) (0.116) (0.0193) (0.0104) (0.208) (0.0309)
[2D] Standardized exam score, Grade 9: Mathematics (1986-1997) ¥=0.049 / 0.131, N=625,492 / 288,386
0.317**** 0.0390 -0.00655 0.299**** 0.136 -0.0205
(0.00696) (0.108) (0.0181) (0.00936) (0.191) (0.0288)
[2E] Standardized exam score, Grade 9: Science (1986-1997) ¥=0.018/0.091, N=599,824 / 277,854
0.142%%** -0.177 0.0295 0.135%*** -0.134 0.0197
(0.00756) (0.123) (0.0205) (0.0105) (0.231) (0.0340)
[3] Income in the year of age 24, excl. public transfers (1981-1989) Y=144,238 / 142,678, N=457,246 / 216,327
13174.7%*** -4447.7 713.4 12132.8**** -48048.1 6653.5
(1787.2) (17699.5) (2838.7) (1473.2) (31121.5) (4260.3)
[4] Worked or was a student in the year of age 22 (1981-1990) ¥=0.873/0.878, N=517,725 / 244,734
0.0819%**** 0.0989** -0.0166** 0.0695**** 0.0580 -0.00856
(0.00297) (0.0433) (0.00708) (0.00415) (0.0750) (0.0111)
[5A] Receipt of disability pension over 3 years age 19-21 (1981-1992) ¥=0.011/0.011, N=641,978 / 301,789
-0.0349**** -0.0511*** 0.00836*** -0.0345**** -0.0848*** 0.0126***
(0.00127) (0.0159) (0.00261) (0.00183) (0.0309) (0.00461)
[5B] Number of weeks of disability pension age 19-21 (1981-1992) ¥=1.318 /1.297, N=641,978 / 301,789
-4.601**** -5.837*** 0.956*** -4.655**** -9.345** 1.388**
(0.172) (2.037) (0.340) (0.253) (4.003) (0.600)
[5C] Total disability pension transfers, 3 years age 19-21 (1981-1991) ¥=4,651/ 4,553, N=579,123 / 273,460
-16468.7**** -21805.7*** 3526.2*** -16640.2**** -34321.4** 5063.1**
(662.3) (8075.4) (1312.4) (971.9) (15791.6) (2346.2)
[6A] Teen motherhood before 20th birthday (1981-1993) ¥=0.049 / 0.046, N=343,566 / 160,729
-0.0101**** 0.0257 -0.00416 -0.00871*** -0.0303 0.00445
(0.00217) (0.0336) (0.00544) (0.00303) (0.0649) (0.00952)
[6B] Teen fatherhood before 20th birthday (1981-1993) ¥=0.012/0.011, N=361,841/ 169,321
-0.00162 0.0248** -0.00419** -0.000109 0.0377** -0.00575**
(0.00105) (0.0125) (0.00211) (0.00137) (0.0166) (0.00248)
[7A] Birthweight of the first child by age 22: women (1981-1992) ¥=3,392.5, / 3402.9 N=23,544 / 10,420
688.5%*** -35.86 6.812 697.3%*** -918.0 126.1
(24.63) (374.6) (71.15) (37.90) (1010.6) (128.2)
[7B] Birthweight of the first child by age 22: men (1981-1992) Y=3,386.4 / 3,395.2, N=9,839 / 4,353
361.0**** -351.0 62.37 282 1% ** 110.0 -23.56
(36.56) (417.1) (74.20) (54.58) (532.1) (115.5)
[8A] Any criminal sentence by 22nd birthday (1981-1992) ¥=0.122/0.118, N=640,433 / 301,056
-0.00405* 0.0376 -0.00616 0.000576 0.0370 -0.00552
(0.00234) (0.0359) (0.00590) (0.00324) (0.0638) (0.00953)
[8B] Confinement by 22nd birthday (1981-1992) ¥=0.045 / 0.044, N=640,433 / 301,056
-0.00512%*** 0.0470** -0.00772** -0.00372* 0.0463 -0.00690
(0.00152) (0.0221) (0.00363) (0.00210) (0.0388) (0.00578)
[8C] Any charge of violent crime by 22nd birthday (1981-1992) ¥=0.038 / 0.036, N=640,433 / 301,056
0.00117 0.0310 -0.00509 0.00137 0.0210 -0.00314
(0.00138) (0.0208) (0.00341) (0.00186) (0.0370) (0.00552)

Notes: The short description of each outcome variable is followed by the birth years of the cohort used, the
mean values of the outcome variable, and the numbers of observations in the OLS and first-child regressions,
respectively. Standard errors robust to heteroskedasticity and grandmother clusters are in parentheses. For
the list of control variables included in each regression, see the note to Table 4. DKK100,000 ~ EUR13,400
(Nov 12, 2015). * p<0.1, ** p<0.05, *** p<0.01, **** p<0.001.
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A3 Military Conscription Register

Outcome variables constructed from the military conscription register include
taking a military conscription exam, military service qualification, 1Q, height,
weight, and BMI. All men in Denmark are required to attend an examination
session for military conscription within one year of turning 18, although there
are exceptions. First, if a person is physically disabled, has a serious
psychological disorder, or has been in jail for more than 30 days, the army can
exclude that person. Second, it is possible to defer the session until the end of
the year in which the person turns 26 if that person is a student. Although most
men take the examination within two years of their 18th birthday, these rules
create non-random selection and become a potential source of bias. The results
should thus be interpreted with caution.

Table A3-1 summarizes the outcome variables from the military register with
their definitions, overall means, means conditional on low birthweight (less than
2,500 grams), and the population used for each outcome. These mean values

illustrate the worse outcomes of low birthweight infants.

TABLE A3-1: DEFINITIONS AND SUMMARY STATISTICS OF OUTCOME VARIABLES FROM MILITARY REGISTER

Outcome variables Birth cohort Mean: Mean: Population conditional
Overall <2,5009 on:

Outcomes from military conscription register
(males only; all variables below are conditional on survival up to 18th birthday)

Conscription session attendance 1988-1995 0.783 0.701
Qualified or qualified with restriction 1988-1995 0.571 0.462
Standardized 1Q score (Bgrge Prien test) 1988-1995 -0.007 -0.275 Session attendance
Height (cm) 1988-1995 180.56 177.04 Session attendance
Weight (kg) 1988-1995 77.59 73.85 Session attendance
BMI (= Weight / (Height/100)? ) 1988-1995 23.77 23.52 Session attendance

Notes: All statistics are based on singleton births only. The two mean values reported are the overall mean and the
mean for low birthweight children (birthweight less than 2,500 grams).

Table A3-2 reports the estimated effect of birthweight on the outcomes
constructed from the military conscription register. In Table A3-2, we maintain
the same format as the tables in the main text, but we ignore the results of the
IV regression with sibling fixed effects because of their large standard errors.
The sibling FE 1V regressions result in imprecise estimates because female
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observations are excluded and placenta previa is rare, so examining these long-
term outcomes effectively leads to a very small number of observations for
identification.

The first row in Table A3-2 shows a significant causal effect of birthweight
on attendance at a conscription examination. The second row shows an even
larger effect of birthweight on qualification for military service. A 10% increase
in birthweight raises the probability that the person is qualified for military
service by 0.7 — 3.2 percentage points according to the IV point estimates. This
effect may be explained partly by the effect of birthweight on permanent
disabilities, but not fully in view of the low prevalence rate of permanent
disabilities, suggesting a lasting effect of birthweight on long-term general
health (such as asthma) and physical strength.

TABLE A3-2: COEFFICIENTS ON LNBW — MILITARY REGISTER VARIABLES, MEN BORN 1988-1995

OLS wio

oLs OLS sibling FE v 1V sibling FE IV 1st Child
controls
[1] Conscription session attendance. ¥=0.783 / 0.785, N=249,990 / 113,813
0.105**** 0.0915**** 0.101**** 0.124* 0.125 0.256*
(0.00498) (0.00508) (0.0161) (0.0717) (0.180) (0.131)
[2] Qualified for military service (including restricted qualification). ¥=0.571/0.583, N=249,990 / 113,813
0.168**** 0.118**** 0.120%*** 0.180** 0.0707 0.315**
(0.00560) (0.00569) (0.0190) (0.0839) (0.234) (0.150)
[3] IQ test standardized score at conscription examination. ¥=-0.007 / 0.060, N=193,620 / 88,447
0.622%*** 0.434%%** 0.274**** -0.0859 0.324 -0.162
(0.0139) (0.0133) (0.0406) (0.195) (0.445) (0.399)
[4] Height at conscription examination. ¥=180.56 / 180.60, N=195,644 / 89,311
10.85**** 10.41%**** 7.168**** 1.832 0.916 0.815
(0.100) (0.101) (0.262) (1.370) (2.782) (2.707)
[5] Weight at conscription examination. ¥=77.59 / 77.74, N=195,523 / 89,261
13.47**** 15.38**** 9.573%*** 4.836 3.308 1.196
(0.209) (0.218) (0.632) (3.153) (7.125) (6.557)
[6] BMI at conscription examination. ¥=23.77 / 23.81, N=195,522 / 89,260
1.298**** 1.992%*** 1.070%*** 1.060 0.800 0.112
(0.0582) (0.0603) (0.181) (0.887) (2.060) (1.866)

Notes: The short description of each outcome variable is followed by the birth years of the cohort used, the
mean values of the outcome variable, and the numbers of observations in the OLS and first-child regressions,
respectively. The effective number of observations of the fixed-effects regression is smaller than that of OLS.
Standard errors robust to heteroskedasticity and grandmother clusters are in parentheses. For the list of
control variables included in each regression, see the note to Table 4. * p<0.1, ** p<0.05, *** p<0.01, ****
p<0.001.

In the rest of Table A3-2, the empirical design for the variables is not as clean
as the outcomes used so far because one-quarter of the male population fails to
attend a conscription exam session for various reasons, and many individuals

attend the session years after they turn 18.
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The results for 1Q are reported in Row [3]. The OLS and fixed-effects OLS
exhibit positive coefficients that are statistically significant at the 0.1% level,
consistent with the earlier literature (Serensen et al., 1997; Hack et al., 2002),
whereas the IV estimates are statistically insignificant. Rows [4] — [6] report the
results of body size measures. Similar to the 1Q results, height, weight, and BMI
exhibit significant OLS estimates of the birthweight effect, which are consistent
with previous studies (Hack et al., 2002; Behrman and Rosenzweig, 2004; Eide
et al., 2005; Black et al., 2007), but the estimates for height and weight become
much smaller and insignificant when we use the instrument, and the BMI
estimates become insignificant as well. The use of fixed effects makes a
substantial difference here because mother-specific factors, such as maternal

constitution and genes, have considerable influence on these outcome variables.
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A4 Potential Bias Due To Instrument Endogeneity

In this Appendix, we conduct a robustness test to evaluate how our results are

affected if we omit known important risk factors for placenta previa from our

IV regression. Specifically, we evaluate the effect of omitting the following

three risk factors that we observe in our data: (1) past cesarean sections, (2)

maternal smoking, and (3) the mother’s body size (height and body mass index).

In this exercise, we first confirm that those three risk factors are statistically

significant predictors of placenta previa as reported in the medical literature

(shown in the first row of Table A4-1), and they also have statistically

significant coefficient estimates in the regressions of different outcome

variables (shown in the remainder of Table A4-1). Table A4-1 confirms that

these risk factors are indeed relevant in predicting both placenta previa and

outcome variables.

TABLE A4-1: COEFFICIENTS OF THE MAJOR DETERMINANTS OF PLACENTA PREVIA

Dependent variable [1] Past CSany  [2] # of past CS [3] Smoke [4] Height [5] BMI
Placenta Previa -0.00176** 0.00418**** 0.000405*** -0.0000679****  -0.000101****
(0.000880) (0.000787) (0.000140) (0.0000147) (0.0000177)
Infant mortality 0.00222%*** 0.000212 0.000515****  -0.0000372****  0.0000609****
(0.000715) (0.000614) (0.000147) (0.0000111) (0.0000172)
5 minute APGAR -0.0482**** 0.000725 0.00908**** 0.00243**** -0.00366****
score (0.00591) (0.00501) (0.00146) (0.000141) (0.000208)
Received CPAP in -0.0103**** 0.0338**** -0.00148** -0.000486**** 0.000809****
neonatal ward (0.00312) (0.00277) (0.000665) (0.0000405) (0.0000589)
Neurodevelopmental 0.000643 -0.0000457 0.000337*** -0.0000162 0.0000448***
disability by age 2 (0.000457) (0.000387) (0.000126) (0.0000108) (0.0000157)
Days in hospital, 0.273*** 1.105**** 0.343**** -0.0269**** 0.0302****
age 0-2 (0.104) (0.0875) (0.0297) (0.00214) (0.00295)
Purchase drugs for -0.00444 0.0200**** 0.0776**** -0.000225* 0.00406****
asthma, age 0-3 (0.00531) (0.00443) (0.00142) (0.000135) (0.000182)
Completed Grade 9 0.000871 -0.00634 -0.0265****
by age 16 (0.00487) (0.00425) (0.00132)
Exam score, Grade 9: -0.0549**** 0.0368**** -0.120****
overall mean (0.0115) (0.00990) (0.00279)
Disability pension, -0.00381* 0.00409* 0.000929
age 19-21 (0.00230) (0.00210) (0.000737)
Criminal sentence 0.00307 -0.00501 0.0440****
by age 22 (0.00560) (0.00487) (0.00225)

Notes: Standard errors robust to heteroskedasticity and grandmother clusters are in parentheses. The
estimates are based on OLS regressions without fixed effects. The birth cohort used vary across columns
because the maternal smoking variable is available only after 1991 and maternal height and weight are
available only after 2004, whereas the past cesarean section variables are always available since 1981. The
number of observations also varies across outcome variables depending on their availability. For the list of
control variables, see the note to Table 4. * p<0.1, ** p<0.05, *** p<0.01, **** p<0.001.

65



We then conduct our IV regression with and without these three risk factors
(one at each time) and compare the estimated coefficients on InBW;. The results
are reported in Tables A4-2 to A4-4. We find no significant differences between
IV estimates with and without control for these risk factors. In most cases,
differences in point estimates are less than 1%, and in all cases less than 10%.
The statistical significance and signs are unaffected. Our conclusions, therefore,
are highly unlikely to be driven by unknown omitted risk factors of placenta

previa.

TABLE A4-2: THE LNBW COEFFICIENT WHEN PAST CESAREAN SECTION (CS) VARIABLES ARE OMITTED

Dependent variable and birth [1] OLS [2] IV [3]OLS [4] v
years of cohorts used: with CS vars with CS vars no CS vars no CS vars
Infant mortality (1981-2013) -0.0755%*** -0.0820**** -0.0755%*** -0.0820****
(0.00115) (0.00809) (0.00115) (0.00802)
5 minute APGAR score 0.535**** 1.242%*** 0.537**** 1.244%***
(1981-2013) (0.00784) (0.0660) (0.00783) (0.0653)
Received CPAP in -0.256**** -1.011%*** -0.258**** -1.012%***
neonatal ward (2002-2013) (0.00269) (0.0403) (0.00269) (0.0398)
Neurodevelopmental disability -0.0166**** -0.0261**** -0.0166**** -0.0261****
by age 2 (1981-2011) (0.000523) (0.00567) (0.000523) (0.00562)
Number of days in hospital, -20.33**** -41.05%*** -20.40%*** -41.21%%**
age 0-2 (1981-2011) (0.128) (1.067) (0.128) (1.056)
Purchase drugs for asthma, -0.103**** -0.330**** -0.104**** -0.334****
age 0-3 (1995-2010.06) (0.00297) (0.0460) (0.00297) (0.0455)
Completed Grade 9 by age 16 0.153**** 0.135%*** 0.153**** 0.136****
(1981-1997) (0.00226) (0.0332) (0.00226) (0.0329)
Exam score, Grade 9: 0.183**** -0.125 0.182**** -0.125
overall mean (1986-1997) (0.00552) (0.0851) (0.00552) (0.0844)
Disability pension, age 19-21 -0.0349**** -0.0511*** -0.0349**** -0.0511%**
(1981-1992) (0.00127) (0.0159) (0.00127) (0.0158)
Criminal sentence by age 22 -0.00405* 0.0376 -0.00387* 0.0382
(1981-1992) (0.00234) (0.0359) (0.00234) (0.0357)

Notes: Standard errors robust to heteroskedasticity and grandmother clusters are in parentheses. The four
specifications have the same number of observations, which vary by dependent variable. For the list of
control variables, see the note to Table 4. * p<0.1, ** p<0.05, *** p<0.01, **** p<0.001.
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TABLE A4-3: THE LNBW COEFFICIENT WHEN MATERNAL SMOKING STATUS IS OMITTED

Dependent variable and birth [1] OLS with [2] IV with [3]OLS [4] IV
years of cohorts used : smoking info smoking info no smoking info  no smoking info
Infant mortality (1991-2013) -0.0690**** -0.0442%%*** -0.0681**** -0.0440****
(0.00136) (0.00784) (0.00134) (0.00781)
5 minute APGAR score 0.503**** 1.081**** 0.493**** 1.075%***
(1991-2013) (0.00965) (0.0779) (0.00953) (0.0775)
Received CPAP in -0.256**** -1.011%*** -0.253**** -1.008****
neonatal ward (2002-2013) (0.00269) (0.0403) (0.00267) (0.0402)
Neurodevelopmental disability -0.0153**** -0.0203*** -0.0152**** -0.0203***
by age 2 (1991-2011) (0.000602) (0.00636) (0.000595) (0.00633)
Number of days in hospital, -20.49**** -39.95%*** -20.24%*** -39.80****
age 0-2 (1991-2011) (0.153) (1.193) (0.151) (1.189)
Purchase drugs for asthma, -0.103**** -0.330**** -0.122**** -0.333****
age 0-3 (1995-2010.06) (0.00297) (0.0460) (0.00295) (0.0459)
Completed Grade 9 by age 16 0.163**** 0.109** 0.169**** 0.112**
(1991-1997) (0.00344) (0.0513) (0.00339) (0.0509)
Exam score, Grade 9: 0.169**** -0.209** 0.212%*** -0.195*
overall mean (1991-1997) (0.00693) (0.106) (0.00688) (0.106)

Notes: Standard errors robust to heteroskedasticity and grandmother clusters are in parentheses. The four
specifications have the same number of observations, which vary by dependent variable. The cohort born
before 1991 is not used because the smoking status is available only from 1991. For the list of control
variables, see the note to Table 4. * p<0.1, ** p<0.05, *** p<0.01, **** p<0.001.

TABLE A4-4: THE LNBW COEFFICIENT WHEN MATERNAL HEIGHT AND WEIGHT ARE OMITTED

Dependent variable and birth [1] OLS with [2] IV with [3]OLS [4] v
years of cohorts used : Height & BMI Height & BMI no Height/BMI _ no Height/ BMI
Infant mortality (2004-2013) -0.0668**** -0.0314*** -0.0643**** -0.0304***
(0.00231) (0.0109) (0.00224) (0.0106)
5 minute APGAR score 0.517**** 1.080**** 0.499%**** 1.047%***
(2004-2013) (0.0176) (0.127) (0.0170) (0.124)
Received CPAP in -0.270%*** -1.085**** -0.259**** -1.052****
neonatal ward (2004-2013) (0.00318) (0.0475) (0.00308) (0.0460)
Neurodevelopmental disability -0.0122%*** -0.0204** -0.0116%*** -0.0197**
by age 2 (2004-2011) (0.000959) (0.0103) (0.000921) (0.0100)
Number of days in hospital, -21.02%*** -35.57**** -20.15%**** -34 51 ***
age 0-2 (2004-2011) (0.269) (1.504) (0.261) (1.473)
Purchase drugs for asthma, -0.130**** -0.393**** -0.112%*** -0.367****
age 0-3 (2004-2010.06) (0.00496) (0.0784) (0.00487) (0.0761)

Notes: Standard errors robust to heteroskedasticity and grandmother clusters are in parentheses. The four
specifications have the same number of observations, which vary by dependent variable. The cohort born
before 2004 is not used because maternal height and weight are available only from 2004. For the list of
control variables, see the note to Table 4. * p<0.1, ** p<0.05, *** p<0.01, **** p<0.001.
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A5 Robustness Tests Regarding Cesarean Section

In this Appendix, we address the concern that our results predominantly
capture the effect of the cesarean section rather than maturity at birth, because
placenta previa often requires a cesarean delivery. We investigate the potential
bias due to the effect of cesarean delivery by conducting a subsample analysis
in which we exclude first-time mothers and examine whether the estimate of the
birthweight effect varies by past cesarean section status. The motivation here is
the fact that past cesarean section makes cesarean delivery the default choice
for subsequent pregnancy to avoid uterine rupture and other complications. If
there is a substantial cesarean section effect and if our IV results merely capture
the cesarean birth effect, the use of a subpopulation with past cesarean birth
should therefore yield substantially different estimates of the birthweight effect.

TABLE A5: THE LNBW COEFFICIENT FOR SAMPLE WITH PAST CESAREAN SECTION

Dependent variable: [1] OLS [2] v [3]OLS [4] v
All singleton All singleton births ~ Singleton births  Singleton births
births with past with past pregnancy with past CS with past CS
pregnancy
Infant mortality (1981-2013) -0.07447*%** -0.0780**** -0.101**** -0.0853****
(0.00129) (0.00837) (0.00377) (0.0211)
5 minute APGAR score 0.528**** 1.193**** 0.646%*** 1.286****
(1981-2013) (0.00890) (0.0685) (0.0243) (0.175)
Received CPAP in -0.258**** -1.012%*** -0.316**** -1.090%****
neonatal ward (2002-2013) (0.00270) (0.0397) (0.00747) (0.0910)
Neurodevelopmental disability -0.0162**** -0.0286**** -0.0201**** -0.0433***
by age 2 (1981-2011) (0.00058) (0.00615) (0.00183) (0.0169)
Number of days in hospital, -20.47x*** -40.91%*** -24,03%*** -39.12%***
age 0-2 (1981-2011) (0.143) (1.133) (0.403) (2.195)
Purchase drugs for asthma, -0.106**** -0.330**** -0.125**** -0.421****
age 0-3 (1995-2010.06) (0.00308) (0.0462) (0.0083) (0.106)
Completed Grade 9 by age 16 0.158**** 0.170**** 0.165**** 0.120
(1981-1997) (0.00286) (0.0373) (0.0077) (0.0999)
Exam score, Grade 9: 0.178**** -0.147 0.168**** -0.295
overall mean (1986-1997) (0.00697) (0.0972) (0.0172) (0.266)
Disability pension, age 19-21 -0.0359**** -0.0439** -0.0372**** -0.0901
(1981-1992) (0.00159) (0.0174) (0.00447) (0.0568)
Criminal sentence by age 22 -0.00477 0.0221 0.00372 -0.0177
(1981-1992) (0.00296) (0.0405) (0.00790) (0.118)

Notes: Based on singleton births. First-time pregnancy is excluded for the ease of comparison. Standard
errors robust to heteroskedasticity and grandmother clusters are in parentheses. The four specifications have
the same number of observations, which vary by dependent variable. For the list of control variables, see the
note to Table 4. * p<0.1, ** p<0.05, *** p<0.01, **** p<0.001.

Although a vaginal birth after cesarean section is not rare nowadays for
pregnant women with stable conditions, this shift is a recent phenomenon, and

the incidence of cesarean delivery among those with a past cesarean section
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remains considerably higher than among those with no past cesarean section
history. In our data based on newborns from 1981 to 2013, the proportion of
cesarean section is 52.8% for pregnancy with past cesarean section, while it is
12.3% for pregnancy without past cesarean section. This difference is even
larger when we use earlier cohorts because of the increasing trend toward
vaginal birth after cesarean section.

The results reported in Table A5 show the robustness of our results. Although
the use of much smaller subpopulations with different baseline obstetric
characteristics increases the standard errors and sometimes shows non-
negligible changes in the magnitudes, our general conclusions still hold very

robustly.
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A6 Probit and 1V probit estimates

TABLE A6-1: PROBIT AND IV PROBIT MODELS: COEFFICIENTS AND AVERAGE MARGINAL EFFECTS OF LNBW —
HEALTH OUTCOMES

Coefficients in probit model Average marginal effects

Probit w/o Probit IV Probit Probit w/o Probit IV Probit
controls controls

[1A] Infant mortality, cohort 1 (1981-1995) ¥=0.0062, N=855,041

-1.709**** -1.725%**** -2.232%*** -0.0251**** -0.0247**** -0.0375****
(0.0161) (0.0181) (0.247) (0.000347) (0.000353) (0.00740)

[1B] Infant mortality, cohort 2 (1996-2013) ¥=0.0032, N=1,089,688

-1.605%*** -1.581**** -0.815** -0.0118**** -0.0112%*** -0.00472*
(0.0153) (0.0175) (0.384) (0.000198) (0.000195) (0.00241)

[3] Received CPAP in neonatal ward (2002-2013) Y=0.033, N=711,746

-1T4T7FF** -1.684**** -4.678%*** -0.113**** -0.104**** -0.558****
(0.0174) (0.0181) (0.0774) (0.00116) (0.00112) (0.0268)

[4A] Neurodevelopmental disability by age 2, cohort 1 (1981-1995) ¥=0.0025, N=846,964
-1.194**** -1.161%*** -1.586**** -0.00861****  -0.00826**** -0.0133**

(0.0258) (0.0276) (0.444) (0.000245) (0.000249) (0.00643)
[4B] Neurodevelopmental disability by age 2, cohort 2 (1996-2011) ¥=0.0024, N=973,479
-0.943**** -0.923**** -1.374%%x* -0.00691**** -0.00669**** -0.0117**

(0.0233) (0.0246) (0.411) (0.000211) (0.000215) (0.00555)
[5A] Mental retardation diagnosis by age 10, cohort 1 (1981-1991) ¥=0.0045, N=583,355
-0.896**** -0.860**** -1.112%* -0.0116**** -0.0108**** -0.0147*

(0.0281) (0.0298) (0.481) (0.000413) (0.000415) (0.00823)
[5B] Mental retardation diagnosis by age 10, cohort 2 (1992-2003) ¥=0.0058, N=742,962
-0.668**** -0.633**** -0.255 -0.0109**** -0.00996**** -0.00394

(0.0228) (0.0245) (0.462) (0.000398) (0.000407) (0.00711)
[7A] Hospitalization: 2nd to 5th birthday (1981-1993) ¥=0.171, N=712,737
-0.417%*** -0.377**** -0.666**** -0.105%*** -0.0937**** -0.165****

(0.00987) (0.0102) (0.151) (0.00249) (0.00254) (0.0374)
[7B] Hospitalization: 5th to 10th birthday (1981-1993) ¥=0.174, N=709,896
-0.321%*** -0.281**** -0.482*** -0.0824**** -0.0710%**** -0.122%***

(0.00983) (0.0102) (0.152) (0.00252) (0.00258) (0.0384)
[7C] Hospitalization: 10th to 15th birthday (1981-1993) ¥=0.141, N=708,091
-0.231%*** -0.174%*=** -0.384** -0.0516**** -0.0386**** -0.0851**

(0.0104) (0.0108) (0.161) (0.00231) (0.00240) (0.0358)
[7D] Hospitalization: 15th to 20th birthday (1981-1993) Y=0.165, N=705,355
-0.205%*** -0.107**** -0.241 -0.0508**** -0.0263**** -0.0592

(0.00994) (0.0105) (0.157) (0.00246) (0.00257) (0.0385)

Notes: Probit and IV probit estimates for dummy dependent variables in Table 5.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001.
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TABLE A6-2: PROBIT AND IV PROBIT MODELS: COEFFICIENTS AND AVERAGE MARGINAL EFFECTS OF LNBW —
SOCIOECONOMIC OUTCOMES

Coefficients in probit model Average marginal effects
Probit w/o Probit IV Probit Probit w/o Probit 1V Probit
controls controls
[1] Completed Grade 9 by year of age 16 (1981-1997) ¥Y=0.846, N=942,141
0.583**** 0.684**** 0.517*** 0.138**** 0.130%*** 0.0983***
(0.00872) (0.00987) (0.158) (0.00205) (0.00186) (0.0299)

[4] Worked or was a student in the year of age 22 (1981-1990) Y=0.873, N=517,725
0.547**** 0.372%*** 0.428** 0.113%*** 0.0722%*** 0.0832**
(0.0122) (0.0131) (0.200) (0.00254) (0.00254) (0.0390)

[5A] Receipt of disability pension over 3 years age 19-21 (1981-1992) ¥=0.011, N=641,978
-0.862**** -0.829****  -1.038***  -0.0245**** -0.0231****  .0.0297***

(0.0208) (0.0220) (0.338) (0.000635) (0.000650) (0.0113)
[6A] Teen motherhood before 20th birthday (1981-1993) ¥=0.049, N=343,566
-0.354%***  .0,0849**** 0.317 -0.0356****  -0.00768**** 0.0289
(0.0187) (0.0217) (0.374) (0.00190) (0.00196) (0.0345)
[6B] Teen fatherhood before 20th birthday (1981-1993) ¥=0.012, N=361,841
-0.219%*** -0.0346 0.906 -0.00681**** -0.00101 0.0292
(0.0288) (0.0330) (0.588) (0.000898) (0.000963) (0.0225)
[8A] Any criminal sentence by 22nd birthday (1981-1992) ¥=0.122, N=640,433
-0.0474%*** -0.0173 0.173 -0.00958**** -0.00307 0.0307
(0.0116) (0.0124) (0.196) (0.00234) (0.00221) (0.0348)

[8B] Confinement by 22nd birthday (1981-1992) ¥=0.045, N=640,433
-0.0997*%%%  0.0496%**  0.599%*  -0.00952%***  -0.00407***  0,0502**

(0.0151) (0.0167) (0.275) (0.00144) (0.00137) (0.0240)
[8C] Any charge of violent crime by 22nd birthday (1981-1992) ¥=0.038, N=640,433

-0.0201 0.0234 0.412 -0.00167 0.00170 0.0303

(0.0163) (0.0177) (0.291) (0.00135) (0.00128) (0.0218)

Notes: Probit and IV probit estimates for dummy dependent variables in Table 6.
*p<0.1, ** p<0.05, *** p<0.01, **** p<0.001.
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TABLE A6-3: PROBIT AND LOGIT MODELS: AVERAGE MARGINAL EFFECTS OF BIRTHWEIGHT BY THRESHOLD

Probit Logit
Outcome variables BW<3500g BW<2500g BW<1500g BW<3500g BW<2500g BW<1500g
Infant mortality 0.00733**** 0.0173**** 0.0287**** 0.00781**** 0.0166**** 0.0238****
cohort 1 (0.000214) (0.000273) (0.000436) (0.000237) (0.000272) (0.000347)
Infant mortality 0.00445****  0,00998**** 0.0149%*** 0.00479****  0.00990**** 0.0129%****
cohort 2 (0.000143) (0.000186) (0.000266) (0.000161) (0.000195) (0.000227)
Neurodevelopment 0.00188****  0,00543**** 0.00814**** 0.00192****  0.00510****  0.00693****
disability by age 2 (0.0000819) (0.000122) (0.000210) (0.0000853) (0.000116) (0.000174)
Mental retardation 0.00277****  0.00722**** 0.00995**** 0.00278****  0.00676****  0.00889****
by age 10 (0.000135) (0.000223) (0.000474) (0.000138) (0.000205) (0.000397)
Hospitalization 0.0180%**** 0.0657**** 0.138**** 0.0181**** 0.0638**** 0.130****
2nd-5th birthday (0.000914) (0.00207) (0.00566) (0.000915) (0.00197) (0.00518)
Hospitalization 0.0133**** 0.0493**** 0.105**** 0.0135**** 0.0483**** 0.101****
5-10th birthday (0.000923) (0.00215) (0.00589) (0.000924) (0.00206) (0.00547)
Hospitalization 0.00678**** 0.0285**** 0.0593**** 0.00684**** 0.0279**** 0.0569****
10-15th birthday (0.000851) (0.00201) (0.00554) (0.000852) (0.00195) (0.00521)
Hospitalization 0.00541**** 0.0177**** 0.0339**** 0.00543**** 0.0174**** 0.0332****
15-20th birthday (0.000909) (0.00219) (0.00618) (0.000909) (0.00214) (0.00597)
Complete Grade 9 -0.0341%*** -0.0703**** -0.136**** -0.0342%*** -0.0685**** -0.130****
by age 16 (0.000697) (0.00156) (0.00411) (0.000699) (0.00152) (0.00392)
Work or student -0.0164**** -0.0439%*** -0.0913**** -0.0165**** -0.0415%*** -0.0844****
age 22 (0.000930) (0.00204) (0.00559) (0.000939) (0.00195) (0.00519)
Disability pension 0.00551**** 0.0149%*** 0.0246%***=* 0.00554**** 0.0138**** 0.0213****
age 19-21 (0.000280) (0.000457) (0.000994) (0.000289) (0.000416) (0.000798)
Criminal sentence 0.00511***=* -0.0106**** -0.0342%*** 0.00513**** -0.0109%*** -0.0350%***
by age 22 (0.000801) (0.00198) (0.00602) (0.000804) (0.00199) (0.00616)
Confinement 0.00342%**=* -0.00378*** -0.0155%*** 0.00333**** -0.00389*** -0.0153****
by age 22 (0.000515) (0.00126) (0.00388) (0.000519) (0.00126) (0.00398)
Violent crime 0.00134*** -0.00567****  -0.0197**** 0.00129*** -0.00554****  -0.0190%****
by age 22 (0.000479) (0.00119) (0.00381) (0.000483) (0.00120) (0.00398)

Notes: Probit and logit estimates for dummy dependent variables in Table 7. The estimates of the birthweight
threshold effects correspond to the OLS estimates in the first three columns of Table 7. We do not show IV probit
results since these methods presume continuous endogenous regressors.

*p<0.1, ** p<0.05, *** p<0.01, **** p<0.001.
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