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1 Introduction

In the Western world, first-born children have higher cognitive and non-cognitive skills,

acquire more education, and receive higher earnings than their later-born siblings.1 Recent

research also documents a link between birth order and parental behavior, as first-born

children receive greater attention and cognitive stimulation in (early) childhood.2 The

observed negative relationship between birth order and human capital outcomes seems to

be driven by differences in parental behavior and not by biological differences (Kristensen

and Bjerkedal, 2007; Barclay, 2015b; Black et al., 2018; Lehmann et al., 2018).

This paper contributes to the literature on birth order and health, which to date pro-

vides mixed evidence. While this research documents that first-borns as adults are taller

(Myrskylä et al., 2013), have superior cardio-respiratory fitness (Barclay and Myrskylä,

2014), a lower mortality risk (Barclay and Kolk, 2015), and better self-reported physical

and mental health (Black et al., 2016), it also indicates that first-borns have a higher

body mass index and are more likely to be overweight or obese and to have high blood

pressure (Jelenkovic et al., 2013; Black et al., 2016). At birth, first-born children are less

healthy than their later-born siblings. They are more likely to be born pre-term and with

low birth weights, and their mothers are more likely to suffer from pregnancy complica-

tions (Brenøe and Molitor, 2018; Lehmann et al., 2018; Breining et al., forthcoming). In

summary, the existing literature demonstrates that despite their disadvantages in terms

of health at birth, first-borns as adults have better health in some dimensions. Initially,

this result is not as anticipated; however, pre- and post-natal maternal behavior seems

to favor first-born children. Mothers are more likely to attend prenatal care in their

first pregnancy and are more likely to breastfeed the first-born child (Buckles and Kolka,

2014; Black et al., 2016; Brenøe and Molitor, 2018; Lehmann et al., 2018).3 This differ-

ence in maternal behavior is consistent with the previously mentioned research regarding

birth order effects on human capital outcomes. First-born children benefit from greater

parental attention, although this difference may also reflect the mother’s compensating

behavior resulting from the poorer health of both: the mother in her first pregnancy and

the first-born child.

1See Black, Devereux and Salvanes (2005), Kantarevic and Mechoulan (2006), Black, Devereux and
Salvanes (2011), Barclay (2015a), Hotz and Pantano (2015), Monfardini and See (2016), Pavan (2016),
Black, Grønqvist and Öckert (2018) and Lehmann, Nuevo-Chiquero and Vidal-Fernandez (2018) for
evidence from developed countries. In contrast, Ejrnæs and Pörtner (2004) and De Haan, Plug and
Rosero (2014) provide evidence that birth order positively affects education in developing countries.

2See Price (2008), Buckles and Kolka (2014), Hotz and Pantano (2015), Pavan (2016), Black, Grønqvist
and Öckert (2018), Lehmann, Nuevo-Chiquero and Vidal-Fernandez (2018).

3The evidence on smoking during pregnancy is ambiguous. While women are less likely to smoke at
the beginning of or during their first pregnancy compared to later ones (Brenøe and Molitor, 2018; Black
et al., 2016), women who have smoked before or at the beginning of pregnancy are less likely to stop
or reduce smoking during later pregnancies than during the first (Black et al., 2016; Lehmann et al.,
2018) Similarly, mothers are also less likely to reduce their alcohol consumption during later pregnancies
(Lehmann et al., 2018).
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This paper offers two primary contributions: First, to the best of our knowledge, we

provide the first estimates of birth order effects on parental health investment in childhood.

Previous research has focused on parental health investment in the pre- and postnatal

periods, such as prenatal care, breastfeeding, smoking, and alcohol use. Second, we

analyze health status and health care utilization in childhood. Recent evidence on birth

order effects on childhood health is based on measures of health care utilization as a

proxy for health status. Brenøe and Molitor (2018) use Danish registry data on inpatient

and outpatient hospital admissions and emergency room contacts to demonstrate that

the health disadvantage for first-borns decreases with age and becomes insignificant after

age six. Björkegren and Svaleryd (2017) study birth order effects in Sweden, and use

hospital admissions registry and mortality data to show that first-born children exhibit

poorer health until age six, a disadvantage that is later reversed. In later childhood

and adolescence, children with a higher birth order are more likely to be hospitalized for

injuries, avoidable conditions, alcohol-related problems, or mental health issues.

Our paper provides a comprehensive analysis of the relationship between birth order

and a child’s health until age ten using high-quality administrative data from Austria.

The Austrian welfare state provides cost-free access to (almost) all health care services

for children including preventive care and vaccinations. In this setting, birth order effects

on health-related outcomes should not be driven by financial resource constraints due to

the birth of a further child.

We combine measures of health status with measures of health care utilization and

parental health investment. Population data used among multiple cohorts allow us to

control for cohort effects, and to exploit within-family variation in birth order to account

for confounding family-level factors, such as genetic endowments, the family background,

family size, or maternal age at first birth. We focus on children in families with two to

four children.

We find a statistically significant and quantitatively important health disadvantage

for first-born children at birth. Compared to their second-born siblings, first-borns are

40 percent more likely to be born preterm, 66 percent more likely to have low birth

weights, and 38 percent more likely to be hospitalized for perinatal conditions in the

quarter of birth. The estimated coefficients’ magnitudes increase with birth order. As

argued by Brenøe and Molitor (2018), later-born children’s health advantage at birth can

be explained by a biological mechanism that improves nutrient supply to the fetus with

each pregnancy (Khong et al., 2003; Gluckman and Hanson, 2004).

We also find that birth order positively affects health in childhood. Based on admin-

istrative data from primary school health examinations, we show that first-born children

have poorer health outcomes than their later-born siblings between the ages of six and

ten. For instance, they have a 23 percent higher prevalence of hearing problems and a

more than 50 percent higher prevalence of motor skill issues. We also find evidence—
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although somewhat weaker—that first-borns are more likely to have allergies and dental

issues, and are more likely to be obese compared to their second-born siblings. Notably,

a higher prevalence of obesity is also found among first-born adults (Black et al., 2016),

which may relate to a lower nutrient supply to first-borns in utero (Wells et al., 2011).

We complement these results with an analysis of health care utilization in childhood

and parental health investments. First, we provide evidence of significant birth order

effects on health care utilization. Children with a lower birth order are more likely to

consume medical drugs and use inpatient and outpatient medical services. However, we

acknowledge that lower or higher health care utilization may not necessarily indicate a

better or worse health status, but also reflect parents’ behavior.

Second, we use two measures of parental health investment. The first involves par-

ticipation in a large-scale public health screening program, the mother-child-pass (MCP)

program, which monitors the health of expectant mothers and their children until age five.

Our second measure of parental health investment is uptake of 6-in-1 vaccines (against

whooping cough, polio, diphtheria, tetanus, influenza type b, and hepatitis B) and vac-

cines against measles, mumps, and rubella (MMR). Both vaccinations are free, and are

recommended by the national vaccination plan. We also find significant birth order dif-

ferences in parental health investment in toddlers and preschoolers. First-born children

are more likely to participate in preventive medical visits between the ages of two and

five. The estimated difference between first- and second-born siblings is 3 percent at age

two, and 9 percent at age five. The coefficients are even larger in magnitude for higher

birth orders. The difference between first- and fourth-born siblings is 14 percent at age

two and 36 percent at age five. Participation in health screenings in the first year of life

is not related to birth order. This result is as anticipated, as participation in all health

screenings for children up to 14 months of age is a prerequisite for receiving childcare

benefits.

While we do not find any birth order effects regarding the 6-in-1 vaccine by the age of

two, the MMR vaccine’s uptake is almost 10 percent higher for first-borns compared to

their second-born siblings, and 25 percent higher compared to their fourth-born siblings.

We show that the estimated birth order effects on immunization rates and health screening

participation rates are not driven by differences in health at birth. We also find that

parents delay later-born children’s immunization against MMR beyond the age of two.

Still, we estimate a statistically significant difference in vaccine uptake of almost 3 percent

for second-born children and almost 10 percent for fourth-born children by the age of four.

These results illustrate parents’ behavioral differences relative to their children’s birth

order. Differences in health screening participation may be due to additional constraints

on time, attention, or other resources, but updated beliefs about these screenings’ effec-

tiveness may also play a role. However, an update in beliefs is unlikely to explain the

lower vaccine uptake among later-born children. We discuss the potential reasons why
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vaccine uptake may differ across siblings, and why the birth order effect may differ across

types of vaccines. A plausible explanation for both is that vaccine uptake and health

screening participation are related. Children who do not participate in screening in their

second year of life are also less likely to receive the recommended immunizations for this

age. This implies that even if the reason for non-participation in screenings is that parents

do not consider these screenings as a sensible health investment, they are more likely to

miss out on another health investment: certain immunizations against childhood diseases.

Thus, we interpret our findings as a change in parental health investment with birth order,

which occurs due to past experiences and time constraints.

A common issue in the literature regarding birth order and health is the implicit

assumption that family size is exogenous to children’s health endowments. Following

Björkegren and Svaleryd (2017), we address this concern by estimating whether the prob-

ability of a subsequent birth relates to the recent child’s health endowment at birth. Our

results indicate a positive correlation, suggesting that the estimated positive birth order

effects on child health should be interpreted as lower bounds.

This study’s results complement recent empirical contributions by Black et al. (2016),

Brenøe and Molitor (2018), and Björkegren and Svaleryd (2017). As adult health is

impacted by health at birth, parental health investments in childhood, as well as the in-

dividual’s own health behavior in child- and adulthood, this study contributes to a better

understanding of the complex relationship between birth order and adult health. Differ-

ences in parental health investments may also explain part of the negative relationship

between birth order and human capital outcomes. Moreover, our findings suggest that

scope exists for social policy to offset these differences in parental behavior.

The remainder of this paper is as follows: Section 2 discusses the data and institu-

tional background in Austria. Section 3 explains the estimation strategy, and Section 4

presents our results and discusses possible mechanisms. Section 5 concludes and provides

a discussion of potential policy implications.

2 Data and Institutional Background

2.1 The Austrian Health Care System

The Austrian Bismarck-type health care system guarantees almost universal access to

high-quality services for the entire population. Mandatory health insurance covers such

medical expenses as hospitalization, visits to general practitioners (GPs) and medical spe-

cialists in the outpatient sector, and medication. Moreover, this social health insurance

offers free participation in the mother-child-pass (MCP) program, which monitors the

health of expectant mothers and their children over a period of approximately 70 months.

It is comprised of five prenatal examinations, five postnatal infant examinations (up to 14
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months of age), and four health screenings of toddlers and preschoolers (between 22 and

62 months of age). The examinations are provided by outpatient care gynecologists, pedi-

atricians, and GPs. A cost-free provision of the 6-in-1 vaccine (against diphtheria, tetanus,

pertussis, polio, influenza type b, and hepatitis B) and MMR vaccines complements the

MCP program.

Nine provincial health insurance funds (or Gebietskrankenkassen in German) provide

health insurance for all private-sector employees and their dependents, representing ap-

proximately 75% of the population.4 Health insurance funds cannot be chosen freely, as

affiliation with an insurance institution is determined by the individual’s place of resi-

dence and occupation. Outpatient health care expenditures are predominantly funded

by wage-related social security contributions from employers and employees. Hospital

treatments are co-financed by social security contributions and general tax revenues at

different federal levels. Private health insurance can be used to complement statutory

health insurance, but only plays a minor role in Austria.5

2.2 Data

Birth order We use data from several administrative data sources; specifically, we com-

bine data from the Austrian Birth Register, the Family Allowance Database, and the

Austrian Social Security Database to identify all births between 1974 and 2015 and each

child’s birth order. We restrict the analysis to families with two to four children, in which

the first child was born in 1984 or later, and all siblings have the same mother. We ex-

clude families with multiple births, as we cannot assign a birth order to these children.

See Appendix A for further details.

Health at birth and in childhood The Austrian Birth Register provides data on health

at birth for all children born between 1984 and 2007. It includes detailed information

on such birth outcomes as birth weight and length, mode of birth, Apgar scores, and

gestational length. Table 1 provides a detailed description of all outcome variables to

be used in the empirical analysis, and Appendix A.1 provides sample statistics for the

birth registry sample. Childhood health information is based on data from school health

examinations in Upper Austria, one of Austria’s nine federal states. Upper Austria com-

prises approximately one-sixth of the Austrian population and workforce. In 2009, the

regional government began a structured data collection of school health exams to assess

pupils’ general health status. Our empirical analysis uses health examination data from

130 primary schools between 2009 and 2016, which cover the first four years of compul-

sory education, when children are typically between six and ten years old. School health

4Other insurance institutions offer mandatory health insurance for certain occupational groups, such
as farmers, civil servants or self-employed workers.

5Public health expenditures accounted for 77 percent of total health expenditures in 2011. While 17
percent of total health expenditures were private household out-of-pocket expenditures, only 5 percent
were covered by private health insurance (OECD, 2013).
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examinations include the child’s medical history as reported by the parents and a physi-

cal examination of the child; Table 1 describes the outcome variables and Appendix A.2

provides further details on the data and estimation sample, including summary statistics.

Health care utilization The Upper Austrian Health Insurance Fund provides data on

health care use between 2005 and 2015; this fund covers more than one million people

in Upper Austria. The registry data includes detailed information on medical atten-

dance in the outpatient sector (GPs and specialists in various medical fields) and for

medication according to Anatomical, Therapeutic, Chemical (ATC) classification sys-

tem codes. Inpatient information covers hospitalizations—including admission diagnoses

for each individual—according to the International Classification of Diseases (ICD-10)

scheme. Quarterly data is available on physician visits, hospital stays, and prescription

drugs, which we aggregate into annual observations per year of life for each insured child.

For example, for health care utilization at age five, we consider the quarter when the

child turns five and the three preceding quarters. Appendix A.3 provides details on the

estimation sample, including summary statistics.

Parental health investment We use two measures for parental health investment. Our

first variable measures participation in the MCP program, which involves large-scale public

health screening. Our health care utilization data for each child indicate whether he or she

has participated in each of the nine health screenings between birth and age five. Table

A.5 in the Appendix provides an overview of the MCP program’s scope, excluding prenatal

screenings. As previously mentioned, we aggregate the data into annual observations per

year of life for each insured child. Accordingly, at age one we measure whether a child

has participated in at least one of the five postnatal health examinations. At age two,

we measure whether a child has participated in the sixth health screening. Participation

indicators at age three, four, and five are based on participation in the seventh, eighth,

and ninth health screenings.

Our second measure of parental health investment is uptake of the 6-in-1 and MMR

vaccines. Vaccination data are provided by the Upper Austrian regional government,

which subsidizes recommended childhood vaccinations, and can be linked using a unique

individual identifier. Both vaccinations are free, and are recommended in the national

vaccination plan.6 Our outcomes measure whether a child has received at least one vacci-

nation of each type—6-in-1 and MMR—within the first two, three, and four years of life.

Appendix A.4 provides details on the estimation sample, including summary statistics.

6The national vaccination schedule has changed over time, but it is always recommended that children
receive at least three doses of the 6-in-1 vaccine in the first year, and one dose of the MMR vaccine by
age two (ECDC, 2019).
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3 Empirical strategy

We estimate the following model for child i in family f :

Yif = α +
4∑

j=2

βjI(BOif = j) + γGirlif + δf +
T∑
t=2

θtI(BCif = t) + εif (1)

where Yif denotes the outcome and BOif denotes the birth order of child i in family f .

Further, Girli indicates if the child is female, δf is a mother fixed effect, BCif denotes

the child’s birth cohort measured by year-by-month of birth indicators, and εif is the

remaining error term. We cluster standard errors at the mother-level.

This estimation approach exploits only within-family variations in birth order and

accounts for time-constant family-level confounding factors, such as genetic endowments,

maternal age at first birth, family background, and family size. It is also important to

control for cohort effects to account for siblings born in different age cohorts. Conditional

on the mother fixed effect, controlling for the child’s birth cohort implies controlling for the

mother’s age at birth, as these two variables are perfectly collinear. Thus, our estimation

model also accounts for the maternal age at birth increasing with the child’s birth order.

The identification of birth order effects relies on the assumption that family size is

exogenous to children’s health endowments, or specifically, the decision to have additional

children does not correlate with the existing children’s health status. We will address this

issue in further detail in Section 5.

4 Results

4.1 Health at birth and in childhood

Health at birth We find that birth order positively affects newborns’ health (Table 2).

Compared to their first-born siblings, later-born infants have a higher birth weight and

are less likely to be born with low birth weights (below 2,500 grams), and are less likely

to be born premature. They are also less likely to be small for their gestational age and

have Apgar 5 scores of less than 7.7 Our sample of Upper-Austrian children as observed

through the health care utilization data reveals that later-born children are less likely to

be hospitalized for perinatal conditions. As the remaining analysis is based on samples of

Upper-Austrian children, we re-estimate birth order effects on health at birth for children

born in Upper Austria and find similar results (see the Appendix, Table B.1). Birth

7The Apgar score provides a standardized method for reporting the clinical status of newborns after
one, five, and ten minutes. It comprises five subcomponents (color, heart rate, reflexes, muscle tone, and
respiration), each of which is given a score of 0, 1, or 2. The resulting score ranges from 0 to 10 (“good”).
The American College of Obstetricians and Gynecologists (ACOG, 2015) defines five-minute Apgar scores
of 7 to 10 as reassuring, scores of 4 to 6 as moderately abnormal, and scores of 0 to 3 as low.
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order effects on health at birth are statistically significant and quantitatively important.

Compared to the first-born child, the second-born sibling is 158 grams (5 percent) heavier,

2.7 percentage points (66 percent) less likely to have low birth weight, and 2.9 percentage

points (40 percent) less likely to be born premature. The magnitudes of the coefficients

increase for third- and fourth-born siblings, and are in a similar range as those obtained

by Brenøe and Molitor (2018).8 As explained in detail by Brenøe and Molitor (2018),

the medical literature provides a plausible explanation for birth order’s positive effects on

health at birth. Specifically, the maternal constraint hypothesis (Gluckman and Hanson,

2004) states that physiological constraints that presumably limit nutrient supply to the

fetus are reduced with each pregnancy, resulting in better fetal growth in higher-order

pregnancies. This literature suggests that the birth order effect on health at birth has

predominantly biological origins. Consistent with this hypothesis, Black et al. (2018) find

that biological birth order positively affects both cognitive and non-cognitive skills.

Childhood health Our school health examination data allows for an assessment of

children’s health conditions between the ages of six and ten. We pool all children in

this age range and control for the child’s monthly age (see Appendix A.2). Table 3

presents the estimation results. We find that birth order positively affects children’s

health. Second-born children have a 23 percent lower prevalence of ear, nose or throat

(ENT) problems and a more than 50 percent lower prevalence of motor skill issues. At

the 10 percent significance level, we find that second-born children are less likely to be

affected by allergies, dental issues, and obesity as compared to their first-born siblings.9

The latter result is consistent with a lower prevalence of overweight, obesity, and high

blood pressure among later-born adults (Black et al., 2016).10 Our estimates also show

that second-born—and in particular, third-born children—are physically more active than

their older siblings.

Wells et al. (2011) indicate that first-borns have lower birth weights, but catch up

within the first years of life. By age four, first-borns have a higher weight and are taller

than later-borns. This “overshoot” in growth is associated with higher blood pressure and

risk of cardiovascular disease. Our estimation results indicate a similar pattern. Despite

lower weights and lengths at birth, first-borns are 0.5 cm (0.4 percent) taller and 1.9

8Table B.2 in the Appendix provides further results, and demonstrates that later-born children are
less likely to have birth weights below 1,500 grams and Apgar 10 scores below 7. They are also less
likely to be born by Caesarian section, and their lengths at birth are significantly greater than that of
their first-born siblings. We also find that the birth order effects are positive and similar in different
birth-cohort subsamples (see the Appendix, Figure B.2).

9The medical literature points to a lower risk of later-born children developing allergies, although these
results are not based on within-family analyses (e. g. Bernsen et al., 2003; Kusunoki et al., 2012).

10These findings reflect the Fetal Origins of Adult Disease hypothesis (Barker, 1995), which relates
the fetus’ limited nutrient supply to adult diseases, such as coronary heart disease and diabetes. More
recently, and based on this hypothesis, the Development Origins of Health and Disease paradigm has
emerged (Gluckman and Hanson, 2006; Gluckman et al., 2007), which states that early life influences can
alter later disease risk.
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percentage points (27 percent) more likely to be obese than their second-born siblings.11

We do not find a significant difference across birth order in the prevalence of certain

diseases (e. g., epilepsy, diabetes, asthma) and vision and locomotor problems. Moreover,

all coefficients for fourth-born children are statistically insignificant.

Our regressions based on birth registry and school health examination data indicate

positive health effects for higher-order births. As the data sources provide different health

measures, it is difficult to assess whether the health differences found at birth increase,

stabilize, or converge in the following years. We further address this question by analyzing

health care utilization data, which are available throughout the period from birth to age

ten.

4.2 Health care utilization

We provide estimation results for birth order effects on the consumption of medical drugs,

doctor’s visits, and hospitalizations for children between the ages of one and ten. Table

4 reveals that birth order has quantitatively important and highly significant negative

effects on health care utilization.

Prescription drugs Second-born children are significantly less likely to consume med-

ical drugs than their older siblings between the ages of four and ten. The coefficients for

third- and fourth-born children exhibit even larger magnitudes. The largest disparities

in drug prescriptions are observed at age seven. Compared to the first-born child in the

family, second-, third- and fourth-born children are 18, 29, and 31 percent less likely to

consume medical drugs at age seven, respectively. Further, the birth order effects on drug

prescriptions in three-year-olds is surprisingly positive. One plausible explanation for this

result is the presence of a contagion effect. Younger siblings may catch common conta-

gious diseases from their older siblings, and particularly from those who already attend

childcare or primary school. We will address this issue further below.

Doctor visits The pattern for doctor’s visits is similar; with a few exceptions, we find

negative birth order effects on the utilization of physicians. The probability of a second-

born child visiting his or her doctor at age four is 2.7 percentage points (3 percent) lower

than that for the first-born sibling. The corresponding coefficients increase in magnitude

up to 6 and 11 percent for third- and fourth-born children, respectively. Birth order’s

negative impact on physician visits can be observed at almost all ages between four and

ten. Moreover, in accordance with the results on health at birth, later-born children are

less likely to see a physician in the first two years of life.

Hospitalizations At the ages of five and seven, higher-order births exhibit a signifi-

cantly lower probability of hospitalization compared to their older siblings. Second-born

children are 3.2 percentage points (25 percent) less likely to be hospitalized at the age

11Note that we do not find a statistically significant effect on BMI, and the likelihood to be over- or
underweight (not reported in Table 3).
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of five, and 2.4 percentage points (24 percent) less likely to be hospitalized at the age of

seven. Birth order effects on hospitalizations at other ages are mostly negative, albeit not

statistically significant.

Subcategories of health care utilization Figures 1, 2, and 3 graphically represent birth

order effects for second-born children on the aggregate, and the most important subcat-

egories of drug prescriptions, doctor’s visits, and hospitalizations.12 The development of

estimated coefficients for second-born children during childhood reveals two distinct pat-

terns that become evident in Figure 1. For medication groups that include to a greater

extent medication for common contagious diseases (i. e., antiinfectives for systemic use or

medications for the respiratory and musculoskeletal systems), we find a higher probability

of drug prescriptions in second-born children in the first, second, and third years of life,

and a lower probability from age four onward.13 The same pattern is observed for the

aggregate of drug prescriptions. The probability of drug prescriptions for the alimentary

tract and metabolism, as well as for dermatological use, is lower in second-born children

than in their older siblings from the first year of life onward, before the effects become

insignificant at higher ages.14

Figures 2 and 3 depict estimates for doctor’s visits and hospitalizations. The devel-

opment of birth order effects for the utilization of ear, nose, and throat (ENT) health

care services over children’s ages complies to a great extent with the pattern found for

medication against common contagious diseases. Later-born children reveal a higher prob-

ability to be treated by ENT specialists in their first three years, and a lower probability

thereafter. Estimations of birth order effects on hospitalization due to diseases of the

respiratory system, ears, and eyes—which is the most common reason for hospitaliza-

tion between the ages of one and ten—also indicate a higher probability for second-born

children until the age of three, and a lower probability thereafter.15

In summary, these findings corroborate the previously mentioned contagion effect. The

probability of both medication and medical treatment for common contagious diseases in

the first three years of life is significantly higher in second-born children than in their

older siblings. Second-born children can be expected to have bacterial and viral infections

earlier because they are exposed to these diseases at earlier ages than their first-born

12For the full regression output, see the Appendix, Tables B.3 through B.6.
13In our sample of children, antiinfectives for systematic use are almost exclusively comprised of antibi-

otics; medications for the respiratory system are predominantly means against coughs, colds, allergies,
and asthma; and the group of drugs for the musculoskeletal system almost exclusively includes anti-
inflammatory products.

14The average prescription rate over the first ten years of life is 0.61 for any drug, 0.43 for antiinfectives,
0.15 for respiratory medications, 0.06 for musculoskeletal medications, 0.14 for alimentary tract/metabolic
medications, and 0.10 for dermatological medications.

15We also find some evidence that birth order positively affects hospitalizations for injuries, poisoning,
and other external causes at the ages of two, four, and eight (see the Appendix, Table B.6). This finding
is consistent with Brenøe and Molitor (2018), who demonstrate that later-born children are more likely
to be hospitalized for injuries in early childhood and late adolescence. The analysis of other disease
categories is not useful since the prevalence of these diseases in childhood is (fortunately) low.
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siblings. While first-born children in particular are exposed to contagious diseases as soon

as they attend childcare, second-born siblings are already exposed to these diseases as soon

as their older sibling attends childcare. As our sample’s average birth spacing (between

first- and second-born children) is 3.6 years, and the childcare enrollment rate among

three- to five-year-olds was between 0.8 and 0.9 in the sample period, the average second-

born sibling is already exposed to contagious diseases through his or her older sibling

from birth onward.16 An unresolved question remains as to whether early exposure to

infectious pathogens and the associated consumption of medical drugs—and particularly

antibiotics—negatively affects long-term health and cognition.17

Health status or behavior Lower or higher levels of health care utilization may not

necessarily indicate a better or worse health status, but also reflects parents’ behavior.

Even if it is difficult to unequivocally distinguish health from behavioral effects, the level

of detail in our registry data indicates whether different health care service components

reflect the utilization of curative services to improve poor health, or preventive services

to maintain good health. Thus, we interpret hospitalization and the consumption of

prescription drugs as better indicators of individual health status than physician’s vis-

its.18 Consequently, the less frequent utilization of hospital treatment and medical drugs

in second-born children from age four onward indicates their superior health, and sup-

ports our previously discovered health effects based on birth registry and school health

examination data.

4.3 Parental health investment

Health screenings and vaccinations are preventative health care services, and their utiliza-

tion can convey parental health behaviors and investments. Panel A in Table 5 reports

birth order effects on the probability of participating in preventive medical care in the

mother-child-pass (MCP) program for children of different ages. Participation rates sig-

nificantly decrease with birth order from the children’s second year of life onward. At age

two, second-born children have a 2.8 percentage-point lower participation rate in these

screenings compared to their first-born siblings. Given a mean of 82 percent, the partici-

pation rate at age two is 3 percent lower among second-born children. The magnitudes of

the coefficients increase with the child’s birth order and age, reaching a maximum of 22.6

percentage points for fourth-born children at age five. At that age, fourth-born children

16Later-born siblings may also be exposed earlier if they first attend childcare at an earlier age. However,
childcare enrollment rates among children below the age of three were low in the sample period. In 2008,
only 6.7 percent were enrolled in Upper Austria (Statistik Austria, Kindertagesheimstatistik 2018).

17Medical evidence is largely based on animal and cohort studies, and provides no convincing evidence
of a causal relationship. For instance, Örtqvist et al. (2014) reveal that the negative correlation between
childhood exposure to antibiotics and asthma is caused by confounding factors, and partially occurs due
to reverse causality.

18Note that our hospitalization variable covers only inpatient hospital stays. Therefore, we are confident
that this outcome is a viable measure of health status.
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are 36 percent less likely to participate in health screenings compared to their first-born

siblings. We do not observe significant birth order effects in the first year of life, which

can be explained by the MCP program’s incentive structure, as participation in health

screenings during the first year of life is mandatory to receive child care benefits. Conse-

quently, 93 percent of children in our sample participate in the program during their first

year of life.19

These results illustrate the behavioral differences of parents relative to their children’s

birth order. We find that parents decrease their willingness to participate in postnatal

health screenings with each additional child, but we cannot identify the reasons for these

behavioral changes. On the one hand, parents may divide their resources—or specifically,

time—between their children, and subsequently provide fewer to each child after the arrival

of a sibling. On the other hand, parents’ beliefs may change regarding health screenings’

effectiveness, and they may learn that participation did not significantly contribute in

terms of health.

One may ask whether the lower participation rates in health screenings among later-

born children can be explained by their superior health at birth. We answer this question

by re-estimating birth order effects on screening participation, and control for a binary

variable that indicates whether the child has been hospitalized for perinatal conditions

in the first quarter after birth. Our sample’s hospitalization rate for perinatal conditions

is 15 percent. Panel B in Table 5 presents our estimation results, and confirms negative

birth order effects on screening participation between the ages of two and five as well as

no effects in the first year of life.

Table 5 also shows estimated birth order effects on vaccination rates. We find no

evidence of a birth order effect on the 6-in-1 vaccine, and significant birth order effects

on the MMR vaccine. Compared to first-borns, second-born children are 6.1 percentage

points (10 percent) less likely to have received at least one dose of the MMR vaccine

by age two.20 The previous section indicates that later-born children are more likely to

contract common contagious diseases in the first three years of life; consequently, parents

may be more likely to delay immunization beyond the age of two. The last four columns

in Panel A of Table 5 analyze vaccination rates by ages three and four; it seems that

later-born children are immunized against MMR at a later age, as the birth order effect

declines in magnitude with the child’s age. Compared to first-borns, the vaccination rate

of second-born children is 10 percent lower by age two, 4 percent lower by age three, and

3 percent lower by age four.21 Vaccine uptake may also relate to health at birth. Panel

19Child care benefits are paid to mothers or fathers on parental leave. The monthly amount (ranging
from e 436 to e 2,000) depends on the chosen type of parental leave scheme (flat-rate or income-related)
and the duration of parental leave.

20Note that three out of four doses of the 6-in-1 vaccine are recommended in the first year of life, while
both doses of the MMR vaccine are recommended in the second year of life.

21A higher incidence of contagious diseases in the first three years of life is a potential, but not the only
explanation for the delay in MMR vaccinations observed among later-born children. The delay could also
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B in Table 5 demonstrates that the magnitude of the negative birth order effect actually

increases when we control for health at birth, suggesting a positive correlation between

health at birth and vaccine uptake.22

Our findings indicate a negative relationship between birth order and parental health

investment, which cannot be simply explained by differences in health at birth or delayed

vaccinations among later-born children. Thus, we will discuss the potential reasons why

parental health investments and vaccines’ uptake in particular—may differ across siblings,

and why birth order effects may differ across the types of vaccines. First, vaccination

uptake may relate to participation in the MCP program, as the physician checks the

child’s immunization status at the MCP visit and typically recommends immunizations

according to the national immunization plan. We observe that both participation in

the MCP program in the first year of life and uptake of the 6-in-1 vaccine, which is

recommended in the first year, do not relate to birth order. In contrast, participation in the

MCP program in the second year of life and uptake of the MMR vaccine as recommended

in the second year negatively relate to birth order. This finding suggests that children who

do not participate in the MCP program are less likely to receive immunizations against

childhood diseases. Further, this implies that if non-participation occurs because parents

do not consider health screenings as a health investment, they are more likely to miss

out on another health investment (vaccination). Second, vaccination carries some risk

of adverse reaction, and parents may decide not to vaccinate later-born children because

the first-born sibling had experienced adverse effects. However, common side effects are

mild (e.g., redness and swelling at the injection site, or fever), and severe reactions are

exceptionally rare; thus, we do not believe that this can explain the estimated birth order

effect or the difference in this effect across types of vaccines.23 Third, the MMR vaccine

was highly controversial in the sample period. In 1998, a now-retracted study published

in the Lancet suggested a link between the MMR vaccine and autism. This study had

received substantial media attention, resulting in a decrease in vaccination uptake, and

particularly among highly educated parents (Anderberg et al., 2011). The study was

retracted in 2010. Since all children in our sample were born after the MMR controversy

begun, it is highly unlikely that this controversy explains the negative birth order effects

on MMR vaccine uptake.

Overall, we interpret our findings as a change in parental health investment with birth

order that has likely occurred due to parents’ past experiences and constraints on time

and attention.

be due to time constraints or parental choice. Our data does not allow us to discriminate between these
different explanations.

22Note that we find a (marginally) significant birth order effect on the 6-in-1 vaccine uptake, conditional
on health at birth.

23We did not find evidence of significant differences in the incidences of mild reactions between these
vaccines. The scientific evidence regarding severe reactions points to a slightly higher, but still exception-
ally low incidence of severe reactions after the MMR vaccination (IOM (Institute of Medicine), 2012).
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5 Discussion & Conclusion

This paper indicates that birth order positively affects health at birth and in childhood.

As our estimation strategy relies on within-family variation, it accounts for unobserved

confounding family-level factors. The identification of birth order effects is based on the

assumption that family size is exogenous, or specifically, the decision to have an additional

child does not correlate with existing children’s health. If parents refrain from having an

additional child when the most recent child has low health, our estimated birth order

effects should be interpreted as lower-bound results.

We provide evidence regarding the sign of the correlation between the first child’s

health and family size (similar to Björkegren and Svaleryd, 2017) by estimating whether

the probability of a subsequent birth relates to the first child’s health, conditional on a

range of maternal characteristics measured at birth. We measure the first child’s health in

several ways. First, we consider data from the Family Allowance Database in measuring

the child’s disability status in the first year of life.24 In our estimation sample of families

with one to four children, 1.8 percent of first-born children are disabled in the first year

of life. Second, we measure the first child’s health with health at birth indicators, such

as low birth weight, preterm birth, or small for gestational age. Third, we construct a

health index based on sex-specific birth weights and gestation lengths. This index has a

mean of zero and standard deviation of one, with higher values indicating better health

at birth. The Appendix, Figure B.1 shows the distribution of this index.

We find evidence of a positive correlation between the first child’s health and the

likelihood of a subsequent birth (Table 6). It seems that families are less likely to have a

second child if the first child is disabled, had a low birth weight, was born premature, or

was small for gestational age. Similarly, a low health index value relates to a less likely

subsequent birth.25 These results suggest that family size positively correlates with the

first child’s health. This implies that first-borns in our sample of families with two to four

children are positively selected, and any positive birth order effects on health most likely

represent a lower bound of the true relationship.26

This paper comprehensively analyzes birth order and health status at birth and in

24We define a binary variable disabled before age 1 that indicates whether a child has received an
increased family allowance due to disability. Such an increased allowance is granted if a child has a
physical or mental disability of at least 50 percent; for instance, this applies to children with developmental
disorders due to a physical, learning, language, or behavioral impairment (e.g., learning disabilities or
attention deficit hyperactivity disorder).

25We also find a negative correlation for values above the 90th percentile. Many of these children are
macrosomic; 42 percent are born weighing more than four kilograms, and 36 percent are large for their
gestational age. Medical research indicates that macrosomia is associated with maternal obesity and
gestational diabetes, obstetric labor complications, and postpartum health problems. Large babies are
at greater risk of fetal asphyxia, shoulder dystocia, birth trauma, hypoglycemia, later-life obesity, and
cardiovascular diseases (e.g., Jolly et al., 2003).

26Black et al. (2018) and Pavan (2016) show that endogenous fertility does not drive the negative birth
order effects on (non-)cognitive skills.
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childhood, health care utilization, and parental health investments. Health at birth sig-

nificantly increases with birth order, as we find significant birth order effects for birth

weight, preterm birth, Apgar scores, or perinatal conditions. We use school health exami-

nation data to show that birth order also positively influences childhood health. Although

these estimates are statistically less significant, we find that first-born children are more

likely affected by allergies, hearing problems, dental issues, motor skill issues, and obe-

sity. The analysis of health care utilization, such as hospitalizations, drug prescriptions,

and doctor’s visits indicates corresponding effects. In contrast, we find that parental in-

vestment in children’s health—measured by participation in preventive medical care and

vaccinations, tend to favor earlier-born children.

Differential parental behaviors relative to their health investments could explain the

mixed results concerning birth order effects on adult health outcomes if early life invest-

ments cannot compensate for the disadvantages at birth across all health dimensions.

Although we observe only two aspects of health investment, they may indicate general

changes in parents’ behavior regarding their children’s health. The literature has well-

established that early-life conditions can affect individual outcomes throughout the life

cycle. Therefore, differences in parental health investments may also explain part of the

negative relationship between birth order and long-term human capital outcomes, such as

educational attainment and wages.

Although birth order is not subject to policy intervention, our findings on parental

health investments indicate scope for social policy. Parents are less likely to attend pre-

ventive medical check-ups with later-born children, and these children are less likely to

receive important vaccinations. Parents are likely unaware of their differential behavior.

Although birth order cannot be altered, the knowledge of its impact can be used to develop

prevention and treatment strategies to further the development of later-born children.

Finally, from an academic perspective, birth order effects on children’s health reveals

the importance of considering birth order in within-family studies, and particularly when

analyzing health outcomes.
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Table 1: Definition of main outcome variables

Outcome Description

(a) Health at birth
Birth weight Weight in kilograms
Low birth weight Birth weight less than 2,500g
Preterm birth Gestation period is shorter than 37 weeks
Small for gestational age Birth weight for gestational age and sex is below the 10th per-

centile
Low Apgar score Apgar score after 5 minutes is less than 7

(b) Childhood health
Current diseases Child has epilepsy, diabetes, asthma, ADHD, headache, or stom-

achache
Allergies Child has any allergies
Vision problems Child has strabismus, poor eyesight, or needs glasses/contact

lenses
ENT problems Child has any ear, nose, or throat abnormalities or hearing im-

pairments
Dental issues Child has tooth decay, malocclusion or dental braces
Locomotor problems Any disorder of the locomotor system: thorax, shoulders, pelvis,

spine, muscles, upper and lower extremities, and feet.
Motor skill issues Trouble with coordination, balance, or fine or gross motor skills
Obesity BMI (BMI = w/h2, weight w in kg and height h in m) over the

97th percentile according to the age- and sex-specific distribution
defined in Kromeyer-Hauschild et al. (2001)

Height Height in cm
Low physical activity Extracurricular physical activity once per week or less often

(c) Health care utilization
Hospitalization Indicator for any hospitalization
Perinatal conditions Hospitalization due to perinatal conditions in the quarter of birth

(International Classification of Diseases—ICD Version 10, codes
P00–P96), congenital malformations, deformations, and chromo-
somal abnormalities (Q00–Q99)

Respiratory system, ears, eyes Hospitalization due to respiratory diseases (J00–J99), diseases of
the eye and adnexa (H00–H59), and diseases of the ear and mas-
toid process (H60–H95)

Injury, poisoning, external causes Hospitalization due to injury, poisoning and certain other conse-
quences of external causes (S00–T98)

Any drug Indicator for any drug prescription
Antiinfectives for systemic use Code J drug prescriptions from the Anatomical Therapeutic

Chemical (ATC) classification system
Respiratory system ATC Code R drug prescriptions
Musculo-skeletal system ATC Code M drug prescriptions
Alimentary tract and metabolism ATC Code A drug prescriptions
Dermatologicals ATC Code D drug prescriptions
Any physician Indicator for visit to any outpatient GP or medical specialist
ENT specialist Visit to medical doctor dealing with conditions of the ear, nose,

and throat

(d) Parental health investment
Mother-child-pass examination Preventive medical checkup within the MCP program, which of-

fers free health screenings for children up to age five
6-in-1 vaccination by age 2/3/4 Child has received at least one dose of the 6-in-1 vaccine (whoop-

ing cough, polio, diphtheria, tetanus, haemophilus influenzae type
b, and hepatitis B) until the age of 2/3/4

MMR vaccination by age 2/3/4 Child has received at least one dose of the MMR (measles, mumps,
and rubella) vaccine until the age of 2/3/4
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Table 3: Birth order effects on health in childhood

Current Allergies Seeing ENT Dental
diseases problems problems issues

Birth order 2 −0.002 −0.035∗ −0.016 −0.023∗∗ −0.032∗

(0.012) (0.020) (0.023) (0.012) (0.018)
Birth order 3 0.012 −0.056 −0.061 −0.046∗ −0.044

(0.026) (0.041) (0.045) (0.024) (0.037)
Birth order 4 0.002 −0.070 −0.098 −0.067 −0.007

(0.043) (0.067) (0.072) (0.042) (0.062)

N 20,224 14,967 10,977 19,987 21,773
Mean of outcome 0.08 0.18 0.17 0.10 0.42
Min. birth month 1998m12 1999m6 2000m12 1998m12 1998m12
Max. birth month 2010m7 2010m7 2010m7 2010m7 2010m7

Locomotor Motor skills Obesity Height Low physical
problems issues activity

Birth order 2 −0.016 −0.026∗∗∗ −0.019∗ −0.536∗∗ −0.042∗

(0.016) (0.009) (0.011) (0.213) (0.022)
Birth order 3 −0.019 −0.037∗ −0.025 −0.955∗∗ −0.105∗∗

(0.032) (0.019) (0.023) (0.438) (0.044)
Birth order 4 0.012 −0.002 −0.016 −0.769 −0.090

(0.055) (0.032) (0.036) (0.720) (0.074)

N 19,171 19,866 22,293 22,307 15,833
Mean of outcome 0.27 0.05 0.07 132.79 0.58
Min. birth month 1998m12 1998m12 1998m9 1998m9 1998m12
Max. birth month 2010m7 2010m7 2010m7 2010m7 2010m7

Notes: Regressions include mother fixed effects, year by month of birth fixed effects, year by month of age
fixed effects, and an indicator to denote females. Standard errors are clustered at the mother level, noted in
parentheses; ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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Table 6: Probability of having an additional child

Prob(>1 child)
in families with one to four children

(1) (2) (3) (4) (5)

Health of first child

Disabled before age 1 −0.041***
(0.007)

Low birth weight (<2500g) −0.037***
(0.002)

Preterm birth −0.028***
(0.002)

Small for gestational age −0.015***
(0.002)

Health indexa

0-10th percentile −0.029***
(0.002)

10-20th percentile −0.011***
(0.002)

20-30th percentile −0.008***
(0.002)

30-40th percentile −0.002
(0.002)

40-50th percentile 0.000
(0.002)

60-70th percentile 0.002
(0.002)

70-80th percentile 0.003
(0.002)

80-90th percentile −0.003
(0.002)

90-100th percentile −0.006***
(0.003)

(50th-60th percentile: omitted)

N 254,835 683,749 683,749 683,749 683,749
Mean of outcome 0.643 0.662 0.662 0.662 0.662
Mean of health measure 0.018 0.056 0.082 0.113
Min birth year 1994 1984 1984 1984 1984
Max birth year 2000 2000 2000 2000 2000

Notes: Regressions include an extensive set of controls for maternal characteristics (age, province, employment, job, edu-
cation, religion, country of birth, and family status), and the child’s sex and birth year. Robust standard errors are noted
in parentheses; ∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01. aThe health index has a mean of zero and a standard deviation of one,
and is based on the child’s sex-specific birth weight and gestational length; higher values indicate better health at birth.
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Figure 1: Drug prescriptions in childhood
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Notes: These figures plot estimated coefficients and 95% confidence intervals for second-born children
for different outcomes based on separate regressions by the child’s age (see Tables 4, B.3, and B.4).
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Figure 2: Physician visits in childhood
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Notes: These figures plot the estimated coefficients and 95% confidence intervals for second-born
children for different outcomes based on a separate regression by the child’s age (see Tables 4 and
B.5).

Figure 3: Hospitalizations in childhood
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Notes: These figures plot the estimated coefficients and 95% confidence intervals for children of
birth order 2 for different outcomes based on a separate regression by the child’s age (see Tables 4
and B.6).
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Web Appendix

This Internet appendix is not for publication, but provides additional material discussed

in the unpublished manuscript ‘Birth Order, Parental Health Investment and Health in

Childhood’ by Gerald J. Pruckner, Nicole Schneeweis, Thomas Schober and Martina

Zweimüller. It comprises two sections: Section A describes our data and estimation

samples, while Section B displays additional estimation results.

A Data & estimation samples

We combine data from three administrative data sources to determine each child’s birth

order. Our primary data source is the Austrian Birth Register, which covers all births in

Austria from 1974–2007. We expand the available sample by supplementing this regis-

ter with two additional data sources. The Family Allowance Database from the Austrian

Ministry of Social Affairs contains information on paid family allowances, and can be used

to identify births from 2008–2012. Finally, we incorporate the Austrian Social Security

Database (ASSD, Zweimüller et al., 2009) to identify births from 2013–2015 using in-

formation on children’s co-insurance. Subsequently, the total sample includes 1.7 million

children from 0.74 million families. We assess the quality of the family structural data by

comparing the births in 2007, as we have information from all three data sources for this

year. Of the births observed in the birth register, 97.9% can be matched to the family

allowance data, and 84.2% to the ASSD.

A.1 Health at birth

Information on health at birth comes from the Austrian Birth Register, and includes such

newborn health information as the birth weight and length, mode of birth, Apgar scores,

and gestational length. Table A.1 displays the estimation sample’s summary statistics.
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Table A.1: Summary statistics for birth register sample

Variable Observations Mean SD Min Max

Family structure
Family size 1,247,438 2.423 0.630 2 4
First-born 1,247,438 0.436 0 1
Second-born 1,247,438 0.436 0 1
Third-born 1,247,438 0.109 0 1
Fourth-born 1,247,438 0.019 0 1
Child is female 1,247,438 0.487 0 1
Birth year of child 1,247,438 1996 6.261 1984 2007

Health at birth
Birth weight (kg) 1,247,438 3.339 0.512 0.3 5.8
Low birth weight (<2.5kg) 1,247,438 0.041 0 1
Very low birth weight (<1.5kg) 1,247,438 0.006 0 1
Premature birth (<37 weeks) 1,247,438 0.072 0 1
Small for gestational age 1,247,438 0.081 0 1
Apgar-5 below 7 1,245,425 0.009 0 1
Apgar-10 below 7 1,236,613 0.003 0 1
Length at birth (cm) 1,247,438 50.551 2.584 25 60
Caesarean sectiona 691,873 0.153 0 1

Notes: The sample includes all children born in families with two to four children, in which the
first child was born between 1984 and 2006. aThe mode of delivery is only observed since 1995.
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A.2 Health in childhood

Health status in childhood is measured using data on school health examinations. This

data provides information on previous childhood diseases (scarlet fewer and chickenpox),

current diseases (epilepsy, diabetes, asthma, ADHD, headache, and stomach ache), al-

lergies, and previous surgeries and injuries. Parents also have to report the extent of

physical activity outside school and the number of hours spent on watching television,

sitting at the computer, or using mobile phones. In the medical examination, the school

doctor tests the child’s visual and hearing abilities, examines his or her ears and throat,

teeth, language and motor skills, and coordination. Moreover, the physician measures

the child’s body weight and height, pulse, and blood pressure. An examination of the

locomotor system includes a visual inspection of the thorax, the shoulders, the pelvis, the

spine, the muscles, the upper and lower extremities, and the feet. We construct variables

for outcomes that indicate current health problems, and merge some outcomes into cate-

gories, for instance, the indicator for locomotor problems is equal to one if the child has

any of the above mentioned disorders of the locomotor system. See Table 1 in the paper

for a description.

We observe school health examination outcomes between 2009 and 2016 based on

data from 130 primary schools in Upper Austria, although data is not available for each

school in every year. Previously, community general practitioners (GPs) were responsible

for school health examinations. However, school doctors recently assumed the task, and

they act on behalf of the regional government if the GP has retired. Simultaneously, the

Upper Austrian government began a structured data collection of examination results.

Our sample includes all health examinations of primary-school children between the ages

of six and ten, implying that an individual child can be observed more than once. Our

estimations pool all observations and control for the child’s monthly age. Table A.2 shows

the estimation sample’s summary statistics.
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Table A.2: Summary statistics for school health examination sample

Variable Observations Mean SD Min Max

Family structure
Family size 22,555 2.553 0.689 2 4
First-born 22,555 0.417 0 1
Second-born 22,555 0.454 0 1
Third-born 22,555 0.109 0 1
Fourth-born 22,555 0.020 0 1
Child is female 22,555 0.489 0 1
Birth year of child 19,547 2005 2.093 1998 2010

Health in childhood
Current diseases 20,224 0.081 0 1
Allergies 14,967 0.176 0 1
Vision problems 10,977 0.174 0 1
ENT problems 19,987 0.104 0 1
Dental issues 21,773 0.424 0 1
Locomotor problems 19,171 0.270 0 1
Motor skills issues 19,866 0.053 0 1
Obesity 22,293 0.070 0 1
Height 22,307 132.794 9.091 104.0 168.5
Low physical activity 15,833 0.582 0 1

Notes: The sample includes children with school health examination data in families
with two to four children. The sample size varies due to missing observations.
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A.3 Health care utilization and mother-child-pass examinations

Information on health care utilization between 2005 and 2015 is provided by the Upper

Austrian Health Insurance Fund. The data includes information on a quarterly basis

regarding physician’s visits, hospital stays, and prescription drugs. We aggregate the

data into annual observations per year of life for each insured child. For example, for

health care utilization at age five, we consider the quarter when the child turns five and

the three preceding quarters. Consequently, the binary outcome variables indicate the use

of different health care services within one year.

When we analyze health care utilization at a certain age, we consider only observations

of children who are insured in the corresponding period. Therefore, the cohorts of children

used and the sample size depend on the age studied. Table A.3 displays the summary

statistics calculated over all available observations of children between the ages of one and

ten. Table A.4 provides additional information on health care utilization by the child’s

age.
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Table A.3: Summary statistics for health care utilization & mother-child-pass
examination sample

Variable Observations Mean SD Min Max

Family structure
Family size 466,212 2.529 0.670 2 4
First-born 466,212 0.404 0 1
Second-born 466,212 0.455 0 1
Third-born 466,212 0.120 0 1
Fourth-born 466,212 0.021 0 1
Child is female 466,212 0.490 0 1
Birth year of child 466,212 2005 3.979 1995 2014

Hospitalizations
Hospitalization 466,212 0.119 0 1
Respiratory system, ears, eyes 466,212 0.043 0 1
Injury or poisoning 466,212 0.021 0 1

Physician visits
Any physician 466,212 0.938 0 1
GP or pediatrician, net of MCP-visits 466,212 0.872 0 1
Mother-child-pass examination 242,979 0.756 0 1
ENT specialist 466,212 0.101 0 1

Prescriptions
Any drug 466,212 0.616 0 1
Antibiotics for systemic use 466,212 0.427 0 1
Alimentary tract and metabolism 466,212 0.144 0 1
Respiratory system 466,212 0.153 0 1
Musculoskeletal system 466,212 0.054 0 1
Dermatologicals 466,212 0.095 0 1

Notes: The sample includes children with health care information from families with two to five children.
The summary statistics consider all available observations of children between the ages of one and ten.
Information on mother-child-pass (MCP) examinations also considers observations of children between
the ages of one and six.
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Table A.5: Overview of the mother-child-pass program

No. Age of child Examinations

Postnatal infant screenings
P1 1st week Child examination; hip ultrasound
P2 4th to 7th week Child examination; orthopedic examination; hip ultrasound
P3 3rd to 5th month Child examination
P4 7th to 9th month Child examination; ear, nose, and throat examination
P5 10th to 14th month Child examination; eye examination

Developmental screenings for toddlers and preschoolers
D1 22nd to 26th month D1-D4: Anamnesis; physical examination; nutritional status;
D2 34th to 38th month behavior; mental development; speech and language
D3 46th to 50th month D1: comprehensive eye and vision examination
D4 58th to 62th month

A.4 Vaccinations

Vaccine data between 2002 and 2016 are provided by the regional government of Upper

Austria, which subsidizes recommended childhood vaccinations by providing vouchers to

families. We analyze the vaccination status at age two by using children born between 2002

and 2014 in Upper Austria. Vaccination outcomes at ages three and four are restricted

to cohorts born before 2013 and 2012, respectively. We exclude children born in Linz and

Steyr, as these cities use separate systems to monitor vaccinations. Table A.6 displays

the estimation sample’s summary statistics.
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Table A.6: Summary statistics for vaccination sample

Variable Observations Mean SD Min Max

Family structure
Family size 80,009 2.454 0.641 2 4
First-born 80,009 0.401 0 1
Second-born 80,009 0.445 0 1
Third-born 80,009 0.129 0 1
Fourth-born 80,009 0.025 0 1
Child is female 80,009 0.487 0 1
Birth year of child 80,009 2008 3.455 2002 2014

Vaccinations
6-in-1 vaccination at age 2 80,009 0.784 0 1
6-in-1 vaccination at age 3 71,878 0.797 0 1
6-in-1 vaccination at age 4 63,853 0.803 0 1
MMR vaccination at age 2 80,009 0.621 0 1
MMR vaccination at age 3 71,878 0.721 0 1
MMR vaccination at age 4 63,853 0.741 0 1

Notes: The sample includes children born in Upper Austria between 2002 and 2014 in
families with two to four children. Information on vaccinations at age three (or four) includes
children born between 2002 and 2013 (or 2012).

A.9



B Further tables and figures

Figure B.1: Distribution of the health index
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Notes: The health index has a mean of zero and a standard deviation of one, and combines
sex-specific birth weights and gestational lengths. This was calculated for a sample of all
children in families with one to four children, in which the first child was born between
1984 and 2000. Higher index values indicate a higher birth weight and gestational length.
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Figure B.2: Second-born birth order effects on health at birth by birth cohort
group
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