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Abstract We examine birth order differences in health of newborns and follow the
children throughout childhood using high-quality administrative data on individuals
born in Denmark between 1981 and 2010. Family fixed effects models show a pos-
itive and robust effect of birth order on health at birth; firstborn children are less
healthy at birth. During earlier pregnancies, women are more likely to smoke, receive
more prenatal care, and are more likely to suffer a medical pregnancy complication,
suggesting worse maternal health. We further show that the health disadvantage of
firstborns persists in the first years of life, disappears by age seven, and becomes
a health advantage in adolescence. In contrast, later-born children are throughout
childhood more likely to suffer an injury. The results on health in adolescence are
consistent with previous evidence of a firstborn advantage in education and with the
hypothesis that postnatal investments differ between first- and later-born children.
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1 Introduction

Firstborn children perform, on average, better in cognitive tests, have higher 1Q, and
attain more schooling than later-born siblings. This is a well-established fact in the
economics literature. To explain the negative effect of birth order on education, the
empirical literature has mainly focused on postnatal parental investments.! While
(Pavan 2015) shows that differences in postnatal parental investments across siblings
can explain more than one-half of the birth order gap in cognitive test scores, a large
part of the gap remains unexplained. Some researchers have hypothesized that birth
order differences in educational outcomes might additionally stem from better health
of firstborns at birth.> Yet, the existing evidence on the relationship between birth
order, health at birth, and prenatal investments is ambiguous (Lehmann et al. 2017,
Black et al. 2016b; Buckles and Kolka 2014). Knowing more about potential birth
order differences in health at birth and during childhood provides an important link
to the existing literature.

This study examines birth order differences in health at birth and how potential
health differences between first- and later-born children evolve throughout child-
hood. We use Danish administrative data covering over one million child births over
a period of three decades. An important feature of this large dataset is that we are
able to link each child to its biological siblings, which enables us to compare sib-
lings of different birth order within the same family. Controlling for unobserved
heterogeneity between families, we examine a wide range of health outcomes at birth
and investigate whether differences in maternal behavior and maternal health during
pregnancy can help explain the birth order effects in health at birth. Moreover, we
show how birth order differences in health evolve throughout childhood—from age
1 through age 16—distinguishing between general health conditions and injuries.

Our results are threefold. First, we challenge traditional predictions in the eco-
nomics literature and show that firstborn children have a health disadvantage at birth
that is robust to a wide range of health measures at birth and apparent in differ-
ent subpopulations. Second, we analyze different measures of maternal behavior and
health outcomes during pregnancy to understand the positive effects of birth order
on health at birth. During earlier pregnancies, women are more likely to smoke, visit
more often their midwife and special practitioner, and have higher rates of hospi-
talizations for medical pregnancy complications. A higher demand for prenatal care
in earlier pregnancies might be indicative of mothers being more worried. However,
as we also observe more severe pregnancy complications, we interpret the higher
demand for prenatal care as a symptom of worse maternal health in the first com-
pared to subsequent pregnancies. The changes in maternal behavior (smoking) might
partly contribute to the overall improvement in maternal health during later pregnan-
cies compared to the first but cannot possibly explain the large health advantage of
later-born children. Meanwhile, an improvement in maternal health with higher order
pregnancies is consistent with a biological mechanism that improves maternal health
with consecutive pregnancies.

I'See, for instance, Price (2008), Lehmann et al. (2017), Hotz and Pantano (2015), Pavan (2015).
2See, for instance, Behrman and Taubman (1986), Ejrnas and Portner (2004), Hotz and Pantano (2015).
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Third, the firstborn health disadvantage—measured through hospitalizations for
general health conditions—persists during early childhood. Yet, from age seven,
this disadvantage disappears and the results indicate a firstborn health advantage
in adolescence. At the same time, we observe that later-born children are more
likely to suffer an injury throughout childhood. Injuries might not capture a general
health condition but may be indicative of differences in children’s behavior, parental
supervision, or older siblings’ influence.

Our results on a health advantage of firstborns in adolescence are consistent with
previous studies’ findings that firstborns perform better on educational outcomes in
adolescence.> However, while the health disadvantage of firstborns in early life disap-
pears in adolescence, Black et al. (2016b) show that, around age 40, firstborns are less
healthy than later-borns. The medical literature finds that adverse health conditions
at birth become apparent again later in life (Barker et al. 1993a; Barker et al. 1993b;
Barker 1995). Thus, a reappearance of the firstborn health disadvantage is consistent
both with our findings and those in Black et al. (2016b). Moreover, our results on
general health conditions do not stand in contrast to a higher risk of injury for later-
borns. The latter namely supports the hypothesis that postnatal investments favor
firstborns, while the health disadvantage of firstborns at birth might be the result of
a biological mechanism that improves maternal health with consecutive pregnancies.

The rest of the paper is organized as follows: Section 2 reviews the relevant liter-
ature. Section 3 introduces the data and Section 4 describes our empirical strategy.
Section 5 presents our results on birth order effects in child health at birth and studies
potential mechanisms of these birth order differences. Finally, Section 6 examines the
evolution of birth order differences in health during childhood. Section 7 concludes.

2 Previous literature

Existing research finds a strong negative correlation between birth order and cogni-
tive test scores (Lehmann et al. 2017; Hotz and Pantano 2015; Pavan 2015), schooling
outcomes (Behrman and Taubman 1986; Plug and Vijverberg 2003; Kantarevic and
Mechoulan 2006), and IQ (Kristensen and Bjerkedal 2007; Sulloway 2007; Black
et al. 2011). Broadly, to explain these negative effects of birth order on educational
outcomes, previous studies have discussed differences in postnatal investments and
differences in health at birth across siblings.

A range of studies demonstrate that postnatal parental investments differ across
birth orders. Lehmann et al. (2017) show that children of higher birth order receive
less cognitive support in early life. In support of this finding, Price (2008) documents
that, at age four to 13, parents spend less quality time with later-born children than
with firstborns at the same age. Likewise, Hotz and Pantano (2015) find that parents
are less stringent with later-born children with respect to the intensity of monitoring
homework and the existence of TV watching rules. Using structural models, Pavan

3In line with this literature, we observe a negative effect of birth order on ninth grade GPA, see Appendix
Table 7.
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(2015) shows that differences in parental behavior across siblings can explain more
than one-half of the birth order gap in cognitive test scores, yet a large part of the gap
remains unexplained.

In addition to the role of postnatal investments, previous research has suggested
that the effect of birth order on education is already present at birth, but the economics
and medical literatures come to different conclusions. Theoretically, the economics
literature has argued that children of higher birth order should show worse health at
birth (among others Behrman and Taubman 1986; Behrman 1988; Ejrnas and Portner
2004; Hotz and Pantano 2015). The underlying argument is the natural correlation
between birth order and maternal age; the latter has long been assumed to be nega-
tively associated with health at birth. Tests of this relationship are found mainly in the
empirical medical literature which shows, opposite to the predictions of the economic
studies, a positive relationship between birth order and health at birth.* Good health at
birth is an indicator for better later-life outcomes and, therefore, the results from the
medical literature stand in contrast to the negative effect of birth order on education
at older ages (among others Behrman and Rosenzweig 2004; Cunha and Heckman
2007; Figlio et al. 2014). However, medical studies mostly do not account for socio-
economic factors or between family heterogeneity. Not accounting for unobserved
family heterogeneity in our study severely underestimates birth order differences in
health at birth.

The empirical economic evidence on the relationship between birth order and
health at birth has been elusive. Lehmann et al. (2017) estimate a family fixed effects
model of the effect of birth order on health at birth for children in the NLSY79. Con-
sistent with our findings, the authors find a positive but imprecisely estimated effect
of birth order on health at birth. In terms of changes in the prenatal environment that
could give rise to birth order differences at birth, Buckles and Kolka (2014) show, also
using data from the NLSY79, that in higher order pregnancies, women have a lower
probability to take prenatal vitamins and to receive prenatal care in the first trimester.
Importantly, Buckles and Kolka (2014) argue that this behavioral pattern in prenatal
checkups could result from a potentially efficient response to experiences in previous
pregnancies. This raises the question whether the need of prenatal care in later preg-
nancies is lower, which could be because of improvements in maternal health and/or
because of greater confidence from experiences in previous pregnancies.

Consequently, we improve upon these previous findings by using a large admin-
istrative dataset, allowing us to precisely estimate the effect of birth order on various
measures of child health at birth and across different demographic groups. More-
over, our data enables an analysis of maternal health in addition to prenatal behavior.
Finally, by documenting how health differences between siblings evolve through-
out childhood, we complement the study by Black et al. (2016b), who find that
even though later-born children are mostly healthier in adulthood than their firstborn
siblings, later-borns behave more risky and report worse health in adulthood.

4For references to the medical literature, see Camilleri and Cremona (1970), Magnus and Bjerkedal (1985),
Swamy et al. (2012), Hinkle et al. (2014).
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3 Data

Our primary data source is the medical birth register that covers birth information for
all children born in Denmark between 1981 and 2010. Using unique personal identi-
fiers, we match the birth records to a collection of additional administrative registers,
such as the fertility register and national patient register. Thereby, we can link each
child to his or her parents and can follow it from birth to adulthood. Professionals
in the health care sector and different authorities in the public sector report the data
to Statistics Denmark. Statistics Denmark maintains the data and makes it available
for research purposes. Additionally, a great advantage of the data is the exceptional
large sample size: we only experience attrition in the rare case of out-migration or
death.

To construct the sample for the analysis, we use the following restrictions. We
exclude families with at least one multiple birth (e.g., twins) as birth orders are more
difficult to assign in these families. We keep only families with more than one child,
families where all children have the same mother and father (biological siblings), and
families with at least two children with non-missing birth outcomes.> Due to reasons
of space, we exclude families with five or more children from the analysis.®

Panel (a) in Table 1 shows the proportion of children of birth order one, two, three,
and four.” Having two children is the most popular family size. The average child
in the sample lives in a family with 2.4 children with a median of two children. The
frequency of parents with four children is low; less than two percent of all children
are of birth order four. The share of boys and girls is statistically identical.

The birth records contain a rich set of variables measuring different dimensions
of child health at birth. Panel (b) in Table 1 provides descriptive statistics of these
variables: mean birth weight in the sample is 3530 g; 3.1 percent of the children have
low birth weight (birth weight <2500 g) and a similar share has high birth weight
(birth weight >4500 g); and 4.1 percent of children are born premature (gestational
age <37 weeks). To complement the anthropometric measures, we also consider the
5-minute Apgar score.® With an average of 9.856, the average nearly corresponds to
10, the maximum score possible. Given the highly skewed distribution of the Apgar

SMissing information on health at birth results from (1) unrecorded data, which occasionally happens at
the beginning of the data in 1981, (2) biological implausible values, and (3) non-existing information due
to perinatal child death. When we look at the prenatal environment, we include information also for those
children with missing birth outcomes to eliminate problems of selection.

5Qur results also hold for families with five to eight children.

7We have fewer observations for birth order one due to a larger number of birth outcomes with missing
information in the birth records, see footnote (5).

8The 5-minute Apgar score is a diagnostic test measured 5 min after birth and based on five criteria: heart
rate, respiratory effort, muscle tone, reflex irritability, and color. For each criteria zero, one, or two points
are assigned with the resulting score ranging between zero and ten. The Apgar score has been found to be
highly correlated with cognitive ability, health, and behavioral problems in later childhood (Almond et al.
2005). Considering the 1-minute Apgar score (measured 1 min after birth) instead of the 5-minute Apgar
score provides very comparable results. However, as the data does not provide us with the 1-minute Apgar
score after 1996, we focus on the 5-minute Apgar score only.
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Table 1 Child characteristics and prenatal environment of analysis sample

Variable Mean S.D. Number

(a) Demographic characteristics

Number of children in family 2.439 0.622 1,085,598
Birth order 1 0.430 0.495 1,085,598
Birth order 2 0.433 0.496 1,085,598
Birth order 3 0.118 0.323 1,085,598
Birth order 4 0.018 0.134 1,085,598
Child is male 0514 0.500 1,085,598
Month of conception 6.709 3.424 1,085,598
Year of conception 1995.971 7.636 1,085,598
(b) Birth outcomes

Birth weight (in grams) 3530.691 551.172 1,085,598
Low birth weight (<2500 g) 0.031 0.173 1,085,598
High birth weight (>4500 g) 0.031 0.173 1,085,598
Prematurity (<37 weeks) 0.041 0.198 1,085,598
S-minute Apgar score 9.856 0.748 1,085,598
(c) Prenatal environment

Smoking anytime (since 1991) 0.165 0.371 726,743
Smoking anytime (since 1997) 0.133 0.339 476,865
Smokes at the end of pregnancy 0.114 0.318 476,865
Smokes <5 cigarettes a day 0.040 0.197 476,865
Smokes 6-10 cigarettes a day 0.042 0.201 476,865
Smokes >11 cigarettes a day 0.029 0.168 476,865
# Prenatal checkups special practitioner (SP) 4.121 2.100 1,031,509
# Prenatal checkups midwife 4.850 1.996 1,077,891
Gestational diabetes 0.012 0.107 1,105,306
Gestational hypertension 0.009 0.092 1,105,306
Preeclampsia 0.029 0.168 1,105,306

Notes: The table shows summary statistics for the sample used in the empirical analysis. Panels (a) and
(b) include all observations for families with at least two children with non-missing birth outcomes. Panel
(c) also includes observations for those children with missing birth outcomes to eliminate problems of
selection. Information on prenatal smoking is available since 1991 and since 1997, more detailed smoking
information is available. We always exclude families with multiple birth and only-child families, and we
keep only families where all children have the same mother and father (biological siblings)

score, we look at an indicator for low Apgar score (Apgar score <7) as a robustness
check and obtain very comparable results. Given the large number of outcome measures
and the potential concern of finding spurious correlations, we define a summary index
following Kling et al. (2007) which is an equally weighted average of the standard-
ized health outcomes (birth weight, low birth weight, high birth weight, prematurity,
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and Apgar score). We construct the index so that a higher value of the score reflects
better health at birth. The health index has a mean of zero and a standard deviation
of one.”

We have information on a rich set of prenatal maternal investments; these are sum-
marized in panel (c) of Table 1. Maternal smoking information during pregnancy is
available since 1991. The midwife reports the smoking status at every midwife visit.
From this continuous reporting, we have information on whether a woman smoked
anytime during pregnancy. For births in 1997 and later, we draw on additional smok-
ing information. At the last midwife visit, usually within 2 weeks before birth, the
midwife reports whether the woman still smokes and, if so, how many cigarettes she
smokes daily. About 17% of all women smoked anytime during pregnancy using all
information since 1991; restricting the sample to births from 1997 onwards, the share
is slightly lower (13%), which is consistent with the wider awareness of the risks
associated with smoking during pregnancy. At the end of pregnancy, around 11% of
women still smoke. Four percent of all women smoke five or less cigarettes at the
end of pregnancy and a similar share smokes six to ten cigarettes. Three percent of
all women smoke 11 or more cigarettes at the last midwife visit. We group prenatal
care into visits at the midwife and at the special practitioner (SP). Visits at the SP
include, for instance, visits at the general practitioner, obstetrician, or gynecologist,
i.e., medical contacts that relate to the pregnancy. Pregnant women see an SP about
four times during pregnancy and the midwife five times. The number of visits has
naturally changed over time. Today, the standard for an uncomplicated pregnancy is
about three visits at the SP and six visits at the midwife. We account for changes in
these behavioral dimensions over time by flexibly accounting for time effects in our
empirical model.'?

We also draw on information about prenatal maternal health. The bottom part of
panel (c) shows summary statistics for hospitalizations for medical pregnancy com-
plications, which we measure using three binary variables taking the value of one
if the mother was hospitalized for that condition and zero otherwise. Hospitaliza-
tions for pregnancy complications constitute a very important dimension of maternal
health because they capture actual complications that need to be treated in the hospi-
tal and are, thus, registered for every affected woman.!! Gestational diabetes is a form
of diabetes in women without previously diagnosed diabetes. About 1% of all women
are diagnosed with gestational diabetes.!? Gestational hypertension and preeclampsia are

9Using the first component of a principal component analysis of birth weight, low birth weight, high birth
weight, prematurity, and Apgar score yields very similar results.

19Unfortunately, we do not observe alcohol consumption during pregnancy and are therefore unable to
analyze this aspect of maternal behavior.

'Diagnoses are based on the International Statistical Classification of Diseases and Related Health Prob-
lems, 8" and 10" Revisions (ICD-8 and ICD-10). The reporting standard changed in 1994 from ICD-8
to the ICD-10 codes. However, we can still use information for all diagnoses in our sample, using the
recoding of the old ICD-8 codes from Lykke et al. (2012) to merge with the ICD-10 codes.

2Casey et al. (1997) report that between 1 and 3% of all pregnancies in the USA are diagnosed with
gestational diabetes.
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blood pressure disorders developing at near term. To be diagnosed with preeclampsia,
the woman needs to have both gestational hypertension and proteinuria (large amount
of protein in the urine). We define gestational hypertension conditional on not expe-
riencing preeclampsia, as women with preeclampsia are necessarily also diagnosed
with gestational hypertension in the same pregnancy. With this condition, we ensure
not to capture an intermediate diagnosis for women who develop preeclampsia later
in the same pregnancy. Less than 1% of all women are diagnosed with gestational
hypertension; however, almost 3% experience preeclamspsia.'3

4 Empirical strategy

We now turn to our econometric model to examine the relationship between birth
order and child health at birth. Our family fixed effects model takes the form:

4
Yifym = o + B; Z 1(Birth order; = j) + yBoy; + tym + o + €ifym, (1)
j=2

where Yy, is health at birth of child i, born in family f, conceived in year y and
month m. The sum represents a set of birth order dummies, 1(Birth order; = j) for
j = 2,3, and 4 where 1(-) is the indicator function. Children of birth order one
represent the omitted category so that 8;, the vector of the coefficients of interest,
captures differences with respect to birth order one. We flexibly account for time
effects by including year of conception by month of conception dummies, Ty, 6
are family fixed effects, Boy; is a dummy for being male, and €; fy,y, is the error term.
Given the grouped structure of our data, standard errors are clustered at the family
level to allow for serial correlation within families.

Identification is based on comparing second-, third-, and fourth-born children who
are conceived across different years and months to firstborns within the same family.
While family fixed effects control for any time-invariant observable and unobservable
heterogeneity within families (i.e., final family size, maternal age at first birth, genetic
endowments), controls for month and year of conception capture cohort and seasonal
trends in the outcome variable.'* Hence, the coefficients, Bj, give us the effect of
having a higher birth order within the family. To understand the mechanisms that
explain the sign and the magnitude of 8;, we additionally estimate (1) with measures
of maternal behavior and maternal health outcomes as the dependent variables.

131f women experiencing preeclampsia are counted, the figure for gestational hypertension would increase
to 4%. Sibai (2003) notes a prevalence of gestational hypertension in the USA of 6 to 17% for nulliparous
women and 2 to 4% for multiparous women. These numbers fit in line with the 4% given that we have
43% of nulliparous births and 57% of multiparous births in our sample.

14We prefer the use of month of conception and year of conception over the use of month of birth and year
of birth to compare children that have the same expected conditions in utero. This is in line with Persson
and Rossin-Slater (2016), Almond and Mazumder (2011). However, our results do not change when we
substitute month of conception and year of conception with month of birth and year of birth, respectively.
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5 Birth order and health of newborns

In this section, we present the empirical analysis. We begin with a graphical inspec-
tion of the relationship between birth order and child health at birth before showing
the estimation results. After having established the relationship between birth order
and child health at birth, we turn to the potential mechanisms.

5.1 Main results

Figure 1 plots the mean of the health at birth measures by birth order and family size
(number of children) together with the 95% confidence interval. This approach allows
us to show how health differences evolve across birth orders. In panel (a), (e), and
(f), a higher value of the variable reflects better health, while the opposite is the case
for the remaining panels. The non-parametric comparisons in Fig. 1 show that birth
order is positively correlated with birth weight (a) and Apgar score (e) and negatively
correlated with low birth weight (b) and prematurity (d). Thereby, Fig. 1 demonstrates
that health at birth improves with increasing birth order. For instance, compared to
firstborns, birth weight increases, on average, by 140 to 160, 200 to 210, and 220 g
for birth order two, three, and four. These differences are somewhat comparable to
the descriptive results from the medical literature (see, for instance, Magnus and
Bjerkedal (1985) for Norway and Swamy et al. (2012) for the USA). In contrast,
the positive relationship between birth order and high birth weight (c) indicates that
for some children, the positive effect on birth weight exceeds the value of what is
considered healthy. Overall, these graphs indicate a positive relationship between
health at birth and birth order: the results for the health index show improvements in
the range of 10 to 20% of a standard deviation for later-born compared to firstborn
children [panel (f)].

In Fig. 1, we note three things regarding the shape of the birth order gradient. First,
the largest change in health occurs between first- and second-born children. Second,
the relationship between birth order and health at birth slightly reverts at the fourth
birth for prematurity and low birth weight. However, the whiskers for the 95% confi-
dence interval indicate that this slight reversion of the trend is not significant for low
birth weight. Third, consistent with correlations shown in other studies, we find level
differences between the three family sizes with children of larger families doing gen-
erally worse. However, the level differences are broadly constant across birth orders.
Therefore, in the following, we pool all children but control for family-specific char-
acteristics (by including family fixed effects). Nevertheless, as a robustness check of
the regression results, we split the sample by family size.

Table 2 presents the estimation results of Eq. 1. The simple correlations in Fig. 1 are
remarkably robust to controlling for gender, time, and family fixed effects; all birth
order coefficients are statistically significant at the 1% level. However, compared to
the simple correlations, the magnitude of the birth order differences are considerably
larger. The point estimates imply that birth weight increases by 190, 260, and 310 g
for birth order two, three, and four compared to firstborns within the same family
[column (1)]. The coefficients are jointly significantly different from zero and the
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increase for each additional birth order is significant at the 1% level. Similarly, the
risks of low birth weight and prematurity are lower for later-borns than for firstborns
[column (2)].15 The positive association between birth order and child health unfolds,
furthermore, in an increase in the Apgar score with higher birth order [column (4)].
However, a larger share of later-born children are also considered too heavy at birth;
the prevalence of high birth weight increases by 2.0 to 3.8 percentage points for
later-born children compared to firstborns in the same family.

Overall, the results in column (1) to (5) translate into a higher value of the stan-
dardized health index for birth order two, three, and four compared to firstborns in
the same family [column (6)]. Accounting for gender, time, and family fixed effects
more than doubles the effect of birth order on the health index: the results in col-
umn (6) imply more than a quarter of a standard deviation increase in the index for
second-borns; more than a third of a standard deviation for third-borns; and almost
half a standard deviation for fourth-borns. In other words, the increase for birth order
four is equivalent to moving someone from the middle of the health distribution (50"
percentile) to the 70" percentile.

The positive effect of birth order on health of newborns is substantial, especially
compared to other determinants of neonatal health. We show that being born second,
third, or fourth reduces the probability of prematurity by 51 to 75% compared to
firstborns in the same family; the reduction in low birth weight is even larger. In
comparison, Currie and Walker (2011) find that the introduction of electronic toll
collection reduces traffic congestion and vehicle emissions, resulting in a decrease
of prematurity and low birth weight by respectively 10.8 and 11.8% among mothers
living within 2 km of a toll plaza compared to women living further away. Using
variation in college openings, Currie and Moretti (2003) find that an additional year
of maternal education reduces prematurity by around 5.6% and low birth weight
by 9.3%. Deschénes et al. (2009) find that global climate change will increase the
probability of low birth weight by 5.0 to 5.9% by the end of the century.

Robustness checks We have tested the robustness of our findings with several alter-
native specifications. While we control for maternal age at first birth in our main
specification (contained in the family fixed effect), we did not account for mater-
nal age at birth. In a family fixed effects model, maternal age at birth measures the
age increase from the first to subsequent pregnancies, referred to as birth spacing,
which is an endogenous decision. More importantly, controlling for maternal age
(or birth spacing) would result in a bad control bias if previous pregnancies affect
birth spacing. Controlling very flexibly for maternal age (seven age dummies) or the
interpregnancy interval (seven spacing dummies) does not affect the results. Simi-
larly, accounting for income may result in a bad control bias. Yet again, controlling
for different measures of income (household income, per capita disposable income,
and parental labor earnings in the year before birth) does not change the results
either.

15Except for the difference between birth order three and birth order four in column (4), the increase in
the coefficients for each additional birth order is significant at the 1% level.
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The overall findings are insensitive to the definition of health at birth. Appendix
Table 8 shows that for alternative definitions, we always find a positive relation-
ship between birth order and health at birth.'® Moreover, selective mortality cannot
explain the positive relationship. Perinatal mortality is negatively related to birth
order, eliminating a potential concern that the children we observe are positively
selected.!” Finally, given that the risk of prematurity decreases with birth order,
focusing on children with normal gestation (gestational age of 37 weeks or more)
does not alter the results (results are available upon request).

Heterogeneous effects Heterogeneity in the effect of birth order on health at birth
by family size could be at play, although we did not detect such heterogeneity in
the descriptive graphs. For example, families that experience larger improvements in
health at birth with increasing birth order might end up having more children in total.
In other words, child health at birth could affect subsequent fertility. If this is the case,
we should see that the coefficient for a specific birth order increases with family size.

We test the heterogeneity in family size by estimating all regressions separately by
the number of children in the family. To rule out families with incomplete fertility,
we restrict the sample to families where the mother is at least 38 years by December
2010.'8 Table 3 shows that a positive effect of birth order on health at birth exists
for all family sizes. Moreover, the coefficients for a specific birth order are very
similar across different family sizes. In conclusion, Table 3 does not reveal any evi-
dence of selective fertility based on experienced births. Therefore, we continue to
pool children from different family sizes.

Complementary heterogeneity analyses perpetuate that the positive effect of birth
order on health of newborns is not subject to specific groups. Our data reveals a
positive effect of birth order on child health at birth irrespective of maternal age at
first birth, mother’s education, and gender of the child. Appendix Figs. 4, 5, and 6
depict these subsample analyses graphically.

5.2 Prenatal environment

To understand the origins of the positive relationship between birth order and health
at birth, we here focus on the prenatal environment (maternal health behavior and

16 Additional measures for health at birth include the natural logarithm of birth weight and birth length,
birth weight z-score, small for gestational age (SGA), large for gestational age (LGA), head circumference
(available since 1997), and an indicator for being diagnosed for a condition relating to the perinatal period
(available since 1994).

17Perinatal death is defined as fetal deaths occurring with a stated or presumed gestation of 28 weeks or
more or deaths occurring within the first 7 days of life. These children are grouped on the assumption that
similar factors have caused the death (Barfield 2011). The definition is furthermore the official definition
for perinatal death used by the National Center for Health Statistic and the World Health Organization.
Notice that we have more observations for perinatal deaths than for our other health outcomes, as not all
children dying in the perinatal period have information on these other outcomes.

18The reason for this cut-off is that we observe births through December 31, 2010. This is a reasonable
cut-off, as 91% of all women who were above 45 years in 2010 got their last child before the age of 38.
This restriction decreases modestly age at birth by roughly half a year and decreases the interpregnancy
interval by 1.5 months.
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maternal health outcomes) and ask whether and how this environment changes with
subsequent pregnancies.

Table 4 presents the effect of birth order on prenatal maternal smoking. Col-
umn (1) shows that the probability of smoking anytime during pregnancy decreases
between 2.7 and 3.4 percentage points after the first pregnancy. We find a compara-
ble effect focusing on smoking information from 1997 onwards: the probability to
smoke during pregnancy falls by 2.9 to 3.8 percentage points (22 to 29%) in sub-
sequent pregnancies compared to the first pregnancy [column (2)]. Columns (3) to
(5) demonstrate that the lower probability to smoke at some point during pregnancy
translates into fewer cigarettes smoked at the end of pregnancy. Interestingly, this last
result includes women who smoke few cigarettes, five or less, and women who smoke
a lot, eleven or more. Likewise, the likelihood of smoking at the end of pregnancy is
lower in subsequent pregnancies than in the first [column (6)].

This last result stands in contrast to Black et al. (2016b). While the authors also
find that women have a lower probability to smoke at the beginning of the preg-
nancy in later pregnancies compared to the first, they find that at the end of the
pregnancy women in subsequent pregnancies have a higher probability to smoke.
Similar to Lehmann et al. (2017), Black et al. (2016b) find that women are less likely
to stop smoking in higher order pregnancies than in the first pregnancy conditional
on smoking before or at the beginning of pregnancy. While (Lehmann et al. 2017)
focus on a small sample of retrospective questions about smoking, the data from
Black et al. (2016b) is similar to ours (Norwegian register data covering a compa-
rable time period). However, while the smoking information in Black et al. (2016b)
comes from two time periods (the beginning and the end of pregnancy), the midwife
reports smoking information during each visit in our data.'

Our result of a reduced probability to smoke in higher order pregnancies is con-
sistent with the midwife altering the woman’s information stock. For example, if a
woman smokes during the first midwife visit, the midwife will inform the woman
about the risks of smoking, advise her to quit smoking, and—importantly—continue
to do so during all the woman’s visits. Viscusi et al. (1986) show that the stock of
information about product hazards produces precautionary behavior. However, while
the reduction in smoking is clear in our data, smoking alone cannot explain the pos-
itive relationship between birth order and child health. Del Bono et al. (2012) and
Lien and Evans (2005) suggest that smoking during pregnancy reduces birth weight
by around 200 g. Using this estimate, smoking would explain on average a birth
weight difference of (200 x 0.027 &) 5 to (200 x 0.034 =) 7 g between firstborns
and later-borns.

19 A5 the relationship in Table 4 column (6) is weaker than in column (2), these results indicate that some
women quit smoking during pregnancy. Restricting the sample to women who smoked anytime in their first
pregnancy, we continue to find that birth order has a negative effect on smoking at the end of pregnancy.
We attempted to replicate the results from Black et al. (2016b) who study the probability to stop smoking
conditional on smoking at the beginning of any pregnancy. To be able to estimate a family fixed effects
model, this requires at least two observations within a family where the mother smoked at the beginning
of the pregnancy (anytime during the pregnancy) and a variation in the probability to still smoke at the
end. Even though this creates a very selected sample, we did not find that the order of the pregnancy (birth
order) relates to the probability to stop smoking during pregnancy.
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Table 5 Effect of birth order on prenatal checkups and maternal health

# Prenatal checkups Maternal health
Midwife Special Gestational ~ Gestational Preeclampsia
practitioner  diabetes hypertension
M (2) 3 ) (5)
Birth order 2 —0.119%**  —0.186***  —0.006*%**  —0.006%** —0.029%**
(0.006) (0.006) (0.000) (0.000) (0.001)
Birth order 3 —0.230%**  —0.286%**  —0.013%**  —(0.009%** —0.034%**
(0.013) (0.012) (0.001) (0.001) (0.001)
Birth order 4 —0.275%**  —0.416%*%*%  —0.011*%**  —0.010%** —0.037%**
(0.022) (0.020) (0.002) (0.001) (0.002)
Observations 1,031,509 1,077,891 1,105,306 1,105,306 1,105,306
Mean 4.12 4.85 0.01 0.01 0.03
F test of joint significance ~ 129.59 374.76 86.60 143.19 1,180.91

Notes: The table shows the effect of birth order on prenatal checkups and maternal health. Each column
represents a separate regression. The sample includes families with two to four children. The omitted
category is birth order one. All regressions include family fixed effects, interactions between year of
conception and month of conception dummies, and a dummy for gender of the child. Standard errors,
clustered at the family level, are in parentheses. The p value for the joint test for significance (equality of
birth order coefficients) is below 0.001 in all columns. * p < 0.10, ** p < 0.05, *** p < 0.01

Columns (1) and (2) of Table 5 present the effect of birth order on prenatal check-
ups. The number of checkups at the midwife falls modestly, by 0.1 to 0.3 visits during
higher order pregnancies compared to the first; the number of checkups at the SP
decreases somewhat more, by 0.2 and 0.4 visits. The literature often treats prenatal
care as an investment (see, for instance, Buckles and Kolka 2014; Lehmann et al.
2017). However, the effects of prenatal care on child health are elusive (Fiscella 1995;
Evans and Lien 2005; Sonchak 2014). Importantly, as Buckles and Kolka (2014)
point out, a change in the demand for prenatal care across different pregnancies might
reflect a change in the beliefs and expectations about prenatal care.’

Based on Arrow (1963), Dardanoni and Wagstaff (1990) show theoretically that
the demand for medical care falls if uncertainty about the effectiveness of medical
care decreases or if individuals become better informed about health outcomes, e.g.,
due to greater confidence in self-diagnosis. This implies that the demand for prena-
tal checkups falls if (1) checkups in the first pregnancy provide increased knowledge
about their effectiveness and (2) a woman learns about her own health and child
health at birth through observations during the first pregnancy. As we use data from
a country with universal health care, financial constraints are not likely to play an

20Because information on both prenatal smoking and prenatal care is available only for a subsample of all
children, we test the robustness of our findings towards estimating the effect of birth order on child health
at birth for the sample of children for which we have this information (common sample). Our results are
robust to this exercise.
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important role for access to prenatal care. Hence, a reduction in the number of check-
ups could be an efficient response to experiences in the first pregnancy and would not
harm the unborn child. In addition to being a choice, prenatal checkups might also be
the result of underlying maternal health. Moreover, if the argument about a change
in beliefs and expectations is true, the reduction in the number of checkups in higher
order pregnancies should not be associated with worse maternal health.

Columns (3) to (5) of Table 5 show the effect of birth order on maternal health.
The results reveal a significant and large reduction in the probability of suffering
from gestational diabetes, gestational hypertension, and preeclampsia with higher
order pregnancies compared to the first pregnancy. Thus, women are less likely to
experience severe pregnancy complications in later pregnancies, indicating better
maternal health. While the prevalence of gestational diabetes, gestational hyperten-
sion, or preeclampsia are rare in the population, they provide a well-measured proxy
for maternal health.

But why should maternal health improve with subsequent pregnancies? The reduc-
tion in smoking may be one reason—other behavioral factors may be important as
well. For example, parents’ social values may change with higher order pregnan-
cies; but as the in utero environment is not shaped by parent-child interactions, the
inability to control for social values should not affect our results. Another example
is a potential change in the stress level during pregnancy. Deaton and Stone (2014)
find that parents experience more daily joy and more daily stress than non-parents.
However, we can refute the concern of stress playing a role by looking at quasi-
experimental evidence. Persson and Rossin-Slater (2016) find that the death of a
close relative during pregnancy, a very severe type of stress, increases prematurity by
0.6 percentage points. In comparison, we see that firstborns face an increased risk of
2.2 to 2.9 percentage points (all effects compared to a mean of 4%). Using a simi-
lar empirical strategy, Black et al. (2016a) find no effect on the Apgar score. Hence,
stress can neither be a strong mechanism nor a strong confounding factor. While
our data does not enable us to look more into this question of why maternal health
improves, the medical literature provides a compelling hypothesis for the improve-
ments in maternal health that fits our findings well. Gluckman and Hanson (2004)
argue that higher order pregnancies face lower constraints that positively influence
fetal growth. Responsible for this observation are physiological changes unrelated to
maternal behavior that improve with subsequent pregnancies. Appendix A outlines
the arguments in more detail.

Summing up, to understand the negative effect of birth order on educational out-
comes later in life, we have studied birth order differences in health at birth and in the
prenatal environment. Our results imply that the negative relationship between birth
order and education cannot be explained by health differences at birth. Moreover, we
do not find indications that prenatal investments favor firstborns.

6 Health from birth through childhood

The results from the previous section raise the inevitable question about how birth
order differences in health evolve between birth and adolescence. In this section, we
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answer part of this question by studying birth order differences in hospital admissions.
Our data enables us to observe diagnoses from inpatient and outpatient hospital
admissions as well as emergency room contacts for the children in the health-at-birth-
sample throughout childhood, i.e., from age 1 through 16. Because the classification
system changed in Denmark in 1994 from ICD-8 to ICD-10, we focus on hospital
admissions from 1994 to 2011 but include all children born between 1981 and 2010.%!

From the hospitalization data, we define two outcomes. Our first measure captures
general health conditions and includes all hospitalizations except injuries and other
external causes of morbidity and mortality (ICD-10 diagnosis codes chapter [-XIV
[A-N1).?2 This measure excludes injuries and other external causes, because they do
not necessarily capture a general health condition. Moreover, injuries may be indica-
tive of differences in the personality of the children, parental supervision, or an older
sibling’s influence, such as playing wildly with the younger sibling. As hospitaliza-
tions for injuries are interesting per se, they constitute our second outcome (ICD-10
diagnosis codes XIX [S, TO-14]). For each of these two types of hospitalization, we
consider whether a child was hospitalized at each age from age 1 through 16.

Table 6 shows that the probability of being admitted due to a general health con-
dition is 8.2% at any given age, ranging between 6% (at age 7) and 15% (at age 1).
The average likelihood of being in contact with the hospital due to an injury is 12.4%
across all age groups with the lowest probability being 9% (around age 6). We have
about 600,000 children in each age group from age 1 through 13 and 400,000 to
500,000 children in the age group 14 through 16.

To examine the evolution of birth order differences in health throughout childhood,
we interact the birth order dummies in Eq. 1 with dummies for each age. In addition,
we include family-specific age effects by interacting the family fixed effects with the
age dummies, gender-specific age effects, and time-specific age effects. We continue
to cluster standard errors at the family level. Hence, we estimate a fully interacted
age model of the following form:

4 16
Yiafym = @ + Bja ¥ _ 1(Birth order; = j) x Y 1(Age; = a)
j=2 a=1
+VaBOy1' + Tyma + Pfa + €iafym- ()

Bja are our coefficients of interest and constitute the effects of being born second,
third, or fourth on the probability of a hospitalization at age a compared to firstborns
at the same age.

21Due to the restriction of the hospital admission data, we do not observe the oldest cohorts when they are
young. For example, the cohort born in 1981 will be observed from age 13 onwards.

22We also exclude conditions related to pregnancy and childbirth as well as congenital malformations
and conditions originating from the perinatal period to not confuse this analysis with the health at birth
analysis. We include chapters I) Certain infections and parasitic diseases, II) Neoplasms, III) Diseases
of the blood and blood-forming organs and certain diseases, IV) Endocrine, nutritional and metabolic
diseases, V) Mental and behavioral disorders, VI) Diseases of the nervous system, VII) Diseases of the
eye and adnexa, VIII) Diseases of the ear and mastoid process, IX) Diseases of the circulatory system,
X) Diseases of the respiratory system, XI) Diseases of the digestive system, XII) Diseases of the skin
and subcutaneous tissue, XIII) Diseases of the musculoskeletal system and connective tissue, and XIV)
Diseases of the genitourinary system.
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Table 6 Characteristics of hospitalization sample

Variable Mean S.D. N

(a) Hospitalization for general health conditions

All age groups 0.082 0.274 10,729,543
Age 1 0.150 0.357 678,788
Age 2 0.097 0.296 679,606
Age3 0.084 0.278 679,181
Age 4 0.077 0.266 676,339
Age 5 0.070 0.255 671,980
Age 6 0.064 0.244 664,364
Age 7 0.060 0.237 654,720
Age 8 0.058 0.233 644,124
Age 9 0.056 0.230 631,493
Age 10 0.056 0.229 617,530
Age 11 0.057 0.232 599,573
Age 12 0.059 0.236 578,363
Age 13 0.064 0.245 554,492
Age 14 0.075 0.263 509,296
Age 15 0.086 0.280 463,649
Age 16 0.091 0.288 419,358
(b) Hospitalization for injuries

All age groups 0.124 0.329 10,729,543
Age 1 0.127 0.333 678,788
Age 2 0.120 0.325 679,606
Age3 0.115 0.319 679,181
Age 4 0.102 0.302 676,339
Age 5 0.092 0.289 671,980
Age 6 0.089 0.285 664,364
Age7 0.089 0.285 654,720
Age 8 0.096 0.294 644,124
Age 9 0.104 0.305 631,493
Age 10 0.113 0.317 617,530
Age 11 0.121 0.327 599,573
Age 12 0.124 0.330 578,363
Age 13 0.125 0.331 554,492
Age 14 0.124 0.329 509,296
Age 15 0.121 0.327 463,649
Age 16 0.123 0.328 419,358

Notes: The table shows summary statistics for the probability of a hospitalization at every age, from
age 1 through age 16. Panel (a) presents summary statistics for the probability of a hospitalization for
ICD-10 diagnosis codes chapter I-XIV [A-N]. Panel (b) presents summary statistics for the probability
of a hospitalization for ICD-10 diagnosis codes chapter XIX [S, TO-14]. Included in the sample are all
observations from families with at least two children with non-missing hospitalization records at a given
age of the children
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Figure 2 presents the result of estimating model (2) for hospitalizations reflect-
ing general health conditions. The dot markers depict the point estimates and the
whiskers indicate the 95% confidence interval of the interaction between birth order
and age dummies. Note that the three graphs in Fig. 2 are from one regression. For
convenience, we present the results separately for birth order two, three, and four
[panels (a), (b), and (c), respectively]. Appendix Table 9 presents the results in a
table, together with the p values of Wald tests testing the equality of two successive
coefficients. Our results show an early life health advantage of later-borns compared
to firstborns. The advantage is largest around age three, where later-borns are 0.8 to
1.4 percentage points less likely to have a contact with the hospital for general health
conditions. Given a mean of 8.4%, this represents a reduction of 9.5 to 16.7%.

After age four, the advantage of later-borns substantially weakens and eventually
becomes insignificant from age seven onwards. For example, at age 12 the point
estimates are in the range of —0.079 and 0.042 percentage points. Between age 7
and 12, the equality of the point estimates cannot be rejected (p value of Wald test
is 0.70, 0.90, and 0.92 for birth order two, three, and four). However, at age 13, the
point estimates are positive for all birth orders and are significantly larger compared
to the effects at age 12: later-borns are 0.3 to 1.3 percentage points (5.1 to 22.0%)
more likely to be admitted to a hospital for general health conditions. This later-
born disadvantage prevails until age 16. While at age 15, the point estimates are
imprecisely estimated, the estimates are not significantly different from those at age
14 or 16. Overall, we cannot reject the equality of the point estimates for age 13 to
16 for any birth order (p values of Wald tests are 0.63, 0.66, and 0.74 for birth order
two, three, and four).

Figure 3 presents the effect of birth order on injuries between age 1 and 16. In
contrast to hospitalizations for health conditions, we see an early life disadvantage
of second-, third-, or fourth-born children compared to firstborns: later-born children
are more likely to suffer an injury than firstborns at the same age. For example, at age
four, the risk of being admitted to the hospital for injuries are 18, 23, and 31% higher
for second-, third-, and fourth-born children, respectively, compared to firstborns at
the same age. However, by age seven, the effect weakens and remains small until
age 12. Between age 7 and 12, we cannot reject the equality of the point estimates
(p values of Wald tests are 0.54, 0.93, and 0.67 for birth order two, three, and four).
This pattern is comparable to Fig. 2 in the sense that between age 7 and 12, the birth
order differences in hospitalizations are the smallest. Around age 13, in the early
teenage years, birth order differences start to increase. At age 14, the probability
of suffering an injury is 8, 14, and 29% higher for second-, third-, and fourth-born
children, respectively, compared to firstborns at the same age.>>

Our results show that, in terms of general health conditions in early childhood,
later-born children have a health advantage compared to firstborns. This advantage is
in line with the positive effect of birth order on child health at birth found in the pre-
vious section. Moreover, the weakening of the effect and its reversal in favor of first-
borns link this paper to the large economics literature that finds a firstborn advantage
in educational outcomes in adolescence. The results on injuries further show that,

23We find similar results when considering emergency room contacts instead of hospitalizations for injuries,
underlining that the health disadvantage of later-borns stems from acute rather than chronic diseases.
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Fig. 2 Hospitalizations for health conditions throughout childhood by birth order

Notes: The figure plots the evolution of the birth order differences in hospitalizations for health conditions
from age 1 through 16 (probability of hospitalization at each age for ICD-10 diagnosis codes chapter I-
XIV [A-N]). The dot markers represent the point estimates, which we scaled to percentage points (X
100). The whiskers represent the 95% confidence intervals. The regression includes interactions of all age
dummies with family indicators, year by month of conception dummies, and a dummy for gender of the
child. The omitted category is birth order one. Included in the sample are all observations from families
with at least two children with non-missing hospitalization records at a given age of the children

overall, later-born children behave more risky throughout childhood. While we do
not know whether this difference in behavior stems from differences in the person-
ality of the children, parental supervision, or influence of older siblings, our results
on health throughout childhood cannot dismiss the hypothesis that postnatal invest-
ments differ for firstborns and later-borns (see for instance Price 2008; Lehmann et al.
2017; Hotz and Pantano 2015). In addition, the large positive effect of birth order
on injuries in the teenage years is consistent with findings in Argys et al. (2006),
Averett et al. (2011) that later-borns are much more likely to smoke cigarettes or
marijuana, drink alcohol, and engage in sexual activities. The teenage year results are
also in line with a recent working paper (Lundberg and Svaleryd 2017) that follows
a similar approach to ours.2*

24Lundberg and Svaleryd (2017) group children into larger age groups and focus on inpatient contacts to
the hospital only. While the authors also study health differences in early childhood, they do not find a
robust firstborn advantage in hospitalizations before age six.
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Fig. 3 Hospitalizations for injuries throughout childhood by birth order
Notes: The figure plots the evolution of the birth order differences in hospitalizations for injuries from age

1 to 16 (probability hospitalization at each age, ICD-10 diagnosis codes XIX [S, TO-14]). The dot markers
represent the point estimates, which we scaled to percentage points (x 100). The whiskers represent the
95% confidence intervals. The regression includes interactions of all age dummies with family indicators,
year by month of conception dummies, and a dummy for gender of the child. The omitted category is
birth order one. Included in the sample are all observations from families with at least two children with
non-missing hospitalization records at a given age of the children

7 Conclusions

Our study provides new evidence on the relationship between birth order and child
health using a unique dataset from Denmark. Using family fixed effects models, we
find a large and positive relationship between birth order and child health at birth that

is robust to the way we define health at birth and that holds irrespective of family size.
In terms of prenatal investments, we show that women are more likely to smoke in

their first compared to subsequent pregnancies. Moreover, women more often visit
their midwife and medical doctor during their first pregnancy. While this behavior
can be interpreted as behavior that is more cautious in the first pregnancy, it is also
indicative of a higher demand for medical care due to worse health. Using data on
hospitalizations for medical pregnancy complications, we show that maternal health
improves with subsequent pregnancies. An improvement in maternal health with
higher order pregnancies is consistent with a biological mechanism that improves
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maternal health with consecutive pregnancies. Looking at hospitalizations for general
health conditions in childhood between age 1 and 16, we show that the health disad-
vantage of firstborns persists in the first years of life. However, the effect weakens
around age seven and the results indicate a firstborn health advantage in adolescence.
In contrast, throughout childhood, later-borns are more likely to suffer an injury. The
results on health in adolescence are in line with the negative effect of birth order on
educational outcomes found in previous studies and with the hypothesis that postnatal
investments differ between first- and later-born children.

Studying health in adulthood (around age 40), Black et al. (2016b) also distinguish
between birth order differences in general health conditions and risky health behavior.
The authors find that while firstborns are less healthy than later-borns (with respect to
high blood pressure, high levels of triglycerides, and obesity), later-borns behave more
risky in terms of smoking and alcohol consumption. While (Black et al. 2016b) cannot
provide an answer to this puzzle, our results are consistent with their findings. We find
that throughout childhood, later-borns have a higher risk of suffering an injury, but
firstborns are overall less healthy at birth and in early childhood. For example, first-
borns have a higher risk of low birth weight than their later-born siblings. Importantly,
the medical literature finds that health disadvantages at birth become apparent again
later in life; reduced fetal growth is, for instance, associated with metabolic and car-
diovascular diseases in adulthood (Barker et al. 1993a; Barker et al. 1993b; Barker
1995). Future research may wish to better understand how birth order differences in child
health relate to birth order differences in educational outcomes and health later in life.
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Appendix A: The nature hypothesis

The general understanding in the medical literature is that physiological changes during
the first pregnancy, necessary for fetal development, do not fully return to their baseline
value (before the first pregnancy). Higher order pregnancies profit from this incomplete
reversal. These physiological changes encompass the uterine blood supply (Hafner et al.
2000; Hollis et al. 2003; Khong et al. 2003; Prefumo et al. 2004) and an enlargement of
the uterus (Woessner and Brewer 1963; Sgnes and Bakke 1989), both of which affect
nutrient supply to the fetus (Gluckman and Hanson 2004). It has also been suggested
that maternal sensitization to paternal antigens that occur at the first pregnancy affect
birth weight of later-born children (Warburton and Naylor 1971; Chakraborty et al. 1975).

Animal studies perpetuate the findings from the medical literature. A positive
effect of birth order on health at birth appears for cattle (Johanson and Berger
2003) as well as sheep (Gardner et al. 2007). Animal studies occur in a controlled
environment, for example, with respect to nutrition, and therefore alleviate concerns
about endogenous behavioral differences of the mother.
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Appendix B

Mother's Age at First Birth
<22 —e—- 2225 ---e- 2629 —e— 30-33 >33

Health Index

3
Birth Order

Fig. 4 The effect of birth order on health at birth by maternal age at first birth. Notes: The figure plots
the coefficients of the interaction term between birth order and maternal age at first birth in the family
fixed effects model (model (1) where the three birth order dummies are interacted with five dummies for
maternal age at first birth). The dependent variable is the health index (mean of zero and standard deviation
of one) that is an equally weighted summary index of the following variables: birth weight, low birth
weight, high birth weight, prematurity, and Apgar score. Age at first birth is divided into (1) <22 years, (2)
22-25 years, (3) 26-29 years, (4) 30-33 years, (5) >33 years. The regression includes family fixed effects,
interactions between year of conception and month of conception dummies, and a dummy for gender of
the child. The whiskers indicate the 95% confidence interval

Maternal Education
<HS —e-- HS ---e--- BA —e—

Health Index

3
Birth Order

Fig. 5 The effect of birth order on health at birth by mother’s highest education. Notes: The figure plots
the coefficients of the interaction term between birth order and education of the mother in the family
fixed effects model (model (1) where the three birth order dummies are interacted with three dummies
for mother’s highest education). The dependent variable is the health index (mean of zero and standard
deviation of one) that is an equally weighted summary index of the following variables: birth weight, low
birth weight, high birth weight, prematurity, and Apgar score. Education is divided into (1) < HS: no high
school/education (< 12 years), (2) HS: high school and potentially some vocational training or two years
of college, and (3) BA: Bachelor degree or more. The regression includes family fixed effects, interactions
between year of conception and month of conception dummies, and a dummy for gender of the child. The
whiskers indicate the 95% confidence interval
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Fig. 6 The effect of birth order on health at birth by gender of the child. Notes: The figure plots the
coefficients of the interaction term between birth order and gender of the child (model (1) where the three
birth order dummies are interacted with a dummy for boy and a dummy for girl). The dependent variable
is the health index (mean of zero and standard deviation of one) that is an equally weighted summary
index of the following variables: birth weight, low birth weight, high birth weight, prematurity, and Apgar
score. The regression includes family fixed effects, interactions between year of conception and month
of conception dummies, and a dummy for gender of the child. The whiskers indicate the 95% confidence
interval

Table 7 Effect of birth order on ninth grade GPA

Pooled 2-child family 3-child family 4-child family
@ (@) 3 “

Birth order 2 —0.163*** —0.165%** —0.166%** —0.139%**
(0.007) (0.010) (0.010) (0.019)

Birth order 3 —0.238%*** —0.271%** —0.269%**
(0.014) (0.021) (0.036)

Birth order 4 —0.294** —0.368%***
(0.024) (0.055)

Observations 242,115 134,626 84,051 22,313

Mean 0.09 0.12 0.10 —0.07

Notes: The table shows the effect of birth order on ninth grade GPA. Each column presents a separate
regression. The GPA is based on grades from national exams in Danish, Math, and English, and are given
for oral and written presentation as well as reading comprehension. The GPA is standardized by year of
graduation to a mean of zero and standard deviation of one at the population level. Column (1) includes
all families with two to four children, column (2) includes only families with two children, column (3)
includes only families with three children, and column (4) includes only families with four children. The
omitted category is birth order one. All regressions include dummies for year by month of conception,
and gender of the child. Standard errors, clustered at the family level, are in parentheses. * p < 0.10, **
p < 0.05, *** p < 0.01
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Table 9 Effect of birth order on health throughout childhood
Probability of a hospitalization for
any health conditions injuries
Point estimate p value Point estimate p value
(standard error) difference (standard error) difference

(Percentage points) (€)) 2) 3) “4)

Birth order 2 x age 1 —0.391** 2.566%*%*
(0.172) (0.155)

Birth order 2 x age 2 —0.632%** 0.29 2.343 %% 0.31
(0.147) (0.157)

Birth order 2 x age 3 —0.772%%** 0.49 2.101%#%* 0.28
(0.139) (0.157)

Birth order 2 x age 4 —0.627%** 0.45 1.873%%% 0.30
(0.133) (0.151)

Birth order 2 x age 5 —0.241* 0.04 1.480%%#%* 0.06
(0.128) (0.148)

Birth order 2 x age 6 —0.366%** 0.48 1.362%%%* 0.57
(0.123) (0.147)

Birth order 2 x age 7 —0.085 0.10 0.7827%#%* 0.01
(0.119) (0.150)

Birth order 2 x age 8 —0.096 0.95 0.884#%*%* 0.64
0.119) (0.156)

Birth order 2 x age 9 —0.008 0.60 1. 113%%% 0.31
(0.119) (0.164)

Birth order 2 x age 10 0.084 0.58 0.701%%%* 0.08
(0.118) (0.173)

Birth order 2 x age 11 0.144 0.73 0.917%#%#%* 0.40
(0.123) (0.185)

Birth order 2 x age 12 0.008 0.44 0.734%%%* 0.49
(0.127) (0.192)

Birth order 2 x age 13 0.3527%%%* 0.06 0.708%%#%* 0.92
(0.136) (0.198)

Birth order 2 x age 14 0.273* 0.70 1.008%#%** 0.29
(0.153) (0.207)

Birth order 2 x age 15 0.147 0.59 1.53 1% 0.08
(0.173) (0.220)

Birth order 2 x age 16 0.464+* 0.21 1.797%#%* 0.41
(0.187) (0.238)

Birth order 3 x age 1 —0.052 3.666%**
(0.353) (0.317)
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Table 9 (continued)

Probability of a hospitalization for

any health conditions injuries
Point estimate p value Point estimate p value
(standard error) difference (standard error) difference

(Percentage points) (€)) 2) 3) “4)

Birth order 3 x age 2 —1.124%%* 0.02 2.901%##* 0.09
(0.301) (0.321)

Birth order 3 x age 3 —1.400%** 0.50 2.799%#* 0.82
(0.282) (0.320)

Birth order 3 x age 4 —1.134%*%* 0.50 2.357%%* 0.32
(0.271) (0.307)

Birth order 3 x age 5 —0.465* 0.07 2.179%%% 0.68
(0.260) (0.302)

Birth order 3 x age 6 —0.692%*%* 0.53 2.006%#* 0.68
(0.249) (0.301)

Birth order 3 x age 7 —0.346 0.32 0.862%%#%* 0.01
(0.243) (0.307)

Birth order 3 x age 8 —0.244 0.77 1.079%%#%* 0.62
(0.242) (0.319)

Birth order 3 x age 9 —0.134 0.75 1.283%#%* 0.66
(0.244) (0.336)

Birth order 3 x age 10 0.012 0.67 0.837%#* 0.36
(0.242) (0.354)

Birth order 3 x age 11 —0.007 0.96 1.185%%%* 0.50
(0.253) (0.378)

Birth order 3 x age 12 -0.079 0.84 1.034%#%%* 0.78
(0.261) (0.392)

Birth order 3 x age 13 0.765%#* 0.03 1.485%#%* 0.42
(0.280) (0.404)

Birth order 3 x age 14 0.524% 0.57 1.742%%% 0.66
(0.315) (0.424)

Birth order 3 x age 15 0.354 0.72 2.358%#%* 0.32
(0.353) (0.449)

Birth order 3 x age 16 0.943%* 0.26 2.440%%* 0.90
(0.386) (0.489)

Birth order 4 x age 1 —0.184 5.119%%%
(0.581) (0.524)

Birth order 4 x age 2 —1.499%** 0.09 4.173%%* 0.21
(0.496) (0.535)

Birth order 4 x age 3 —1.334%** 0.81 3.535%#* 0.40
(0.467) (0.529)
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Table 9 (continued)

Probability of a hospitalization for

any health conditions injuries
Point estimate p value Point estimate p value
(standard error) difference (standard error) difference

(Percentage points) (€)) 2) 3) “4)

Birth order 4 x age 4 —1.302%%** 0.96 3.156%#* 0.60
(0.445) (0.507)

Birth order 4 x age 5 —0.653 0.29 3.255%#* 0.89
(0.428) (0.502)

Birth order 4 x age 6 —0.718* 0.91 2.419%%* 0.24
(0.408) (0.498)

Birth order 4 x age 7 —0.437 0.62 0.904* 0.03
(0.400) (0.505)

Birth order 4 x age 8 —0.147 0.61 1.459%%* 0.45
(0.404) (0.528)

Birth order 4 x age 9 0.204 0.54 1.385%%* 0.92
(0.406) (0.556)

Birth order 4 x age 10 —0.126 0.57 1.249%* 0.87
(0.404) (0.589)

Birth order 4 x age 11 —0.137 0.98 1.972%%%* 0.41
(0.426) (0.641)

Birth order 4 x age 12 0.042 0.77 0.506 0.11
(0.444) (0.664)

Birth order 4 x age 13 1.373%** 0.04 1.906%%*%* 0.15
(0.489) (0.696)

Birth order 4 x age 14 0.697 0.36 3.320%** 0.16
(0.547) (0.737)

Birth order 4 x age 15 0.796 091 3.825%#:* 0.64
(0.633) (0.781)

Birth order 4 x age 16 1.384%%* 0.53 4.317%%* 0.67
(0.697) (0.860)

Observations 1,072,9534 1,072,9534

Mean 8.20 12.35

Notes: The table presents the effect of birth order on health throughout childhood. Column (1) presents
the results for health conditions (probability of a hospitalization at each age for ICD-10 diagnosis codes
chapter I-XIV [A-N]). Column (3) presents the results for injuries (probability of a hospitalization at each
age, ICD-10 diagnosis codes XIX [S, TO-14]). We scale the results to percentage points (x 100). Column
(2) and (4) depict the p values of Wald tests that test the difference between the point estimate in the
respective row and the point estimate from the previous age. The sample includes families with two to four
children. The omitted category is birth order one. All regressions include interactions of all age dummies
with family indicators, year by month of conception dummies, and a dummy for gender of the child. *
p < 0.10, ** p < 0.05, *** p < 0.01
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