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Summary 

 

While social scientists have been interested in disentangling the determinants of 

child- and adult outcomes for a long time, we still haven’t uncovered all important fac-

tors. However, the family environment has long been recognized as a particular power-

ful component. In this thesis I focus on the sibling relationship, the importance of which 

is still to be clearly established. The sibling relationship is likely to be one of the longest 

lasting relationships individuals have, and it is a bond the majority of a population expe-

riences. Consequently, the sibling relationship merits attention.  

Many factors are shared by siblings. By definition siblings share parents and typical-

ly grow up together. This implies that siblings share both genes and family resources. 

These resources could be common for siblings, as would be the case with parents' hu-

man capital or the neighborhood they live in (e.g. Björklund & Salvanes, 2011). Sib-

lings could however also be competing for the same resources. This could be the case 

with parental time and financial resources since both are limited. At the same time sib-

lings typically spend much time together during childhood and potentially affect each 

other through different types of interactions. They may act as role models, teachers, 

playmates and friends. Research has shown that these interactions and the sibling rela-

tionship as a whole vary widely and systematically depending on gender, gender com-

position of the sibling dyad, birth order and age spacing (e.g. Minnett et al., 1983). 

The four self-contained chapters of this thesis empirically investigate the sibling rela-

tionship, employing different methods and focuses. The first part considers sibling dy-

namics by investigating how the effects of birth order are impacted by the gender com-

position of the siblings. Next, focus is placed on sibling spillover effects, specifically 

the effects of sibling health and treatments. Such analyses are of great importance when 

wanting to fully understand which externalities might be connected to the presence of 

disabilities and implications of treatments. Finally, a well-established association be-

tween maternal smoking and ADHD is reconsidered employing the presence of siblings 

to disentangle the effects of environment and genetics. This final chapter targets the 
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research field of medicine but is also very relevant in an economic context where we try 

to uncover implications of medical disabilities and treatments. 

Chapter one studies how birth order affects short- and long-run outcomes for boys 

relative to girls across a wide range of adolescent and adult outcomes found by using 

remarkably rich register data from Denmark (co-authored with Joseph Doyle). One in-

novation is our focus on families with two or more children where the first two children 

are of mixed sex: families that are nearly identical on observable characteristics due to 

the genetic lottery. We find substantial birth order effects, including the novel result that 

boys with an older sister are 20% more likely to be imprisoned compared to boys with a 

younger sister.  We also find that second-born children have lower test scores, complete 

less schooling, and have moderately lower earnings as adults. We further contribute to 

this literature in that we explore mechanisms such as parental time investments. We find 

that the birth-order effect on reading scores is larger for girls than for boys, and time-use 

data shows that parents invest relatively less time on schoolwork for second-born girls 

compared to second-born boys. We can rule out that differences in the length of mater-

nity leave, maternal labor supply early in life and the use of daycare early in life can 

explain the main findings.  Finally, when we consider spacing, we find that the results 

are stronger for children born close together, consistent with time constraints for new 

parents and greater sibling influences.   

Chapter two investigates the spillover effects of early-life medical treatment on the 

sibling of a treated child (co-authored with N. Meltem Daysal, Marianne Simonsen and 

Mircea Trandafir). Empirical identification of these effects is complicated by the fact 

that treatments are not randomly assigned. For example, shared genetic factors may im-

pact both sibling outcomes and the receipt of medical treatments by targeted children. In 

order to address this endogeneity, we follow the previous literature and use a regression 

discontinuity design that exploits changes in medical treatments across the very low 

birth weight (VLBW) threshold (Almond et al., 2010; Bharadwaj et al., 2013). Using 

administrative data from Denmark, we first confirm the findings in the previous litera-

ture that children who receive extra medical care have better short- and long-term health 

and higher math test scores in 9th grade. We next investigate spillover effects on older 

siblings and find no evidence of an impact on their health outcomes. However, we find 

substantial positive spillovers on all our measures of academic achievement. Overall, 
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our results suggest that medical treatments for VLBW children may have spillover ef-

fects on older siblings that raise their net benefits. The pattern of the estimated effects is 

inconsistent with spillovers working through improved health of siblings but is con-

sistent with both parental compensating behavior and with positive peer effects among 

siblings. 

Chapter three studies potential spillover effects from having a sibling with ADHD. It 

is well established that the developmental disorder Attention-Deficit/Hyperactivity-

Disorder (ADHD) is strongly associated with worse performance in terms of a range of 

important human capital outcomes such as test scores and educational attainment (Cur-

rie and Stabile, 2006; Fletcher and Wolfe, 2008). Using rich Danish register-based data 

I investigate whether the presence of a sibling with ADHD may spillover and affect the 

educational outcomes of an older sibling. More generally, the paper gives information 

about externalities associated with disabilities. A sample of firstborn children who do 

not themselves suffer from ADHD is carefully selected, and a large set of relevant 

background characteristics is taken advantage of. Using OLS and cousin fixed effects 

analyses, I find that the academic achievement of a healthy firstborn child is negatively 

affected by the presence of a younger sibling with an ADHD diagnosis. These results 

are robust across specifications and suggest that benefits from reducing the core symp-

toms of ADHD may extend beyond the child itself. 

The final chapter of the thesis also focuses on ADHD. Here the sibling relationship is 

explored to uncover one of the believed predictors of ADHD, maternal smoking during 

pregnancy (co-authored with Carsten Obel, Jin Liang Zhu, Jørn Olsen, Jiong Li, 

Therese K Grønborg, Mika Gissler and Michael Rutter). Conventional cohort studies 

have consistently shown that exposure to maternal smoking during pregnancy is associ-

ated with about twice the risk of attention deficit hyperactivity disorder (ADHD) in the 

offspring. However, recent studies have used alternative designs to disentangle the ef-

fect of social and genetic confounders and suggested that confounding may account for 

the association (e.g. Linnet et al., 2005 & Langley et al., 2005). We estimate the asso-

ciation between prenatal exposure to maternal smoking and ADHD in children by a 

sibling design comparing maternal full and half-siblings. Using conventional cohort 

analyses we find the expected association between pregnancy smoking and offspring 

ADHD. In the sibling analysis, however, we do not detect such an association between 
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exposure to maternal smoking during pregnancy and risk of ADHD. There was no dif-

ference between the results for half- and full sibling analyses. We find no support for 

prenatal smoking as an important causal factor in ADHD. Our findings suggest that the 

strong associations found in most previous epidemiological studies are likely to be due 

to a strong link between maternal ADHD genetics or shared family environment and 

smoking. 
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Danish Summary 

 

Samfundsvidenskaben har længe forsøgt at udrede, hvilke forhold der er afgørende 

for, hvordan individer klarer sig i livet både på kort og langt sigt. Alligevel har vi endnu 

ikke fået afdækket alle væsentlige faktorer. Dog ved vi, at familiemiljøet repræsenterer 

en særlig vigtig komponent. Denne afhandlings fokus er søskendeforholdet, da vigtig-

heden af dette endnu ikke er afklaret. Det er sandsynligt, at søskendeforholdet er et af de 

mest langvarige forhold, vi oplever. Endvidere er det et bånd, som størstedelen af en 

population vil opleve. Som følge heraf fortjener det opmærksomhed. Mange faktorer 

deles af søskende. Per definition deler de forældre, og typisk vokser de op sammen. 

Dette indikerer at søskende deler både gener og familieressourcer. Disse ressourcer kan 

være fælles for søskende, som for eksempel forældrenes humankapital eller det nabolag, 

de bor i (se fx Björklund & Salvanes, 2011). Der kan dog også være tilfælde, hvor sø-

skende må konkurrere om de samme ressourcer. Dette kunne være tilfældet med foræl-

drenes tid og finansielle midler, da begge disse er begrænsede. I løbet af barndommen 

bruger søskende typisk meget tid sammen og påvirker potentielt hinanden gennem for-

skellige typer af interaktion. De kan fungere som forbilleder, lærere, legekammerater og 

venner. Forskning har vist, at disse interaktioner og søskendeforholdet som en helhed 

kan variere systematisk afhængigt af køn, kønssammensætning af søskendeflokken, 

fødselsorden og aldersforskel (se fx. Minnett et al., 1983). 

Afhandlingens fire selvstændige kapitler undersøger hver især empirisk søskendefor-

holdet ved brug af forskellige metoder og med forskelligt fokus. Den første del af af-

handlingen omhandler søskendedynamikken og undersøger, hvordan effekten af fød-

selsordenen påvirkes af kønssammensætningen af søskendeflokken. Derefter ændres 

fokus til den afsmittende virkning, søskende kan have på hinanden. Analyser af dette er 

afgørende, hvis vi til fulde vil forstå hvilke eksternaliteter, der kan være forbundet med 

lidelser, og hvilke implikationer forskellige behandlinger kan have. Afslutningsvist re-

vurderes en veletableret sammenhæng mellem mors rygevaner under graviditet og 

ADHD. Her benyttes tilstedeværelsen af søskende til at udrede effekter fra miljø og 

gener. Dette kapitel er målrettet det medicinske forskningsfelt, men er også meget rele-



xvi 

 

vant i en økonomisk kontekst, hvor vi forsøger at afdække implikationerne af medicin-

ske lidelse og behandlinger. 

I kapitel et undersøges det, hvordan fødselsordenen har konsekvenser for en lang 

række af både kort- og langsigtede outcomes for drenge og piger. Disse udfald stammer 

fra bemærkelsesværdigt rigt dansk registerbaseret data (Skrevet med Joseph Doyle). En 

fornyelse er vores fokus på familier med minimum to børn, hvor de første to børn er af 

forskelligt køn. På grund af det genetiske lotteri er disse familier stort set identiske på 

baggrund af deres observerbare karakteristika, men en type familie vil have en første-

født dreng og anden-født pige, og en anden type familie vil have en førstefødt pige og 

anden-født dreng. Vi påviser, at fødselsordenen har stor betydning, blandt andet via et 

ikke tidligere dokumenteret resultat, der viser, at drenge med en ældre søster har 20% 

større sandsynlighed for fængsling sammenlignet med drenge, der har en yngre søster. 

Endvidere finder vi, at anden-fødte børn har lavere eksamensresultater, gennemfører 

mindre uddannelse og har en moderat lavere indtægt som voksne. Yderligere bidrager vi 

til litteraturen ved at undersøge, hvilke mekanismer der kan ligge bag vores resultater. 

Vi finder, at den negative effekt af fødselsordenen er markant større for piger end for 

drenge, når vi betragter eksamens resultaterne for dansk. Ved hjælp af tidsforbrugsdata 

finder vi tegn på, at forældre investerer mindre tid i skolearbejdet med anden-fødte piger 

sammenlignet med anden-fødte drenge. Vi kan udelukke forskelle i længden på mødres 

barselsorlov, udbud af arbejdskraft i de tidlige år af barnets liv, samt brugen af daginsti-

tutioner. Når vi betragter afstanden mellem søskende finder vi, at vores resultater er 

stærkere for børn, der er født tæt på hinanden, hvilket er konsistent med tidspres på nye 

forældre og større indflydelse fra søskende. 

I kapitel to undersøges den afsmittende virkning af medicinsk behandling tidligt i li-

vet på søskende til det behandlede barn (skrevet med N. Meltem Daysal, Marianne Si-

monsen og Mircea Trandafir). Empirisk identifikation af disse effekter er kompliceret, 

da behandling ikke er tilfældigt tildelt. For eksempel kan fælles genetiske faktorer på-

virke både søskendes outcomes og hvorvidt barnet modtager medicinsk behandling. For 

at kunne adressere denne endogenitet, følger vi den tidligere litteratur og benytter et 

regression discontinuity design, der udnytter ændringer i medicinsk behandling på tværs 

af grænsen for meget lav fødselsvægt (VLBW) (Almond et al., 2010; Bharadwaj et al., 

2013). 
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Ved brug af dansk administrativt data bekræfter vi først fundene fra den tidligere lit-

teratur, der viser, at børn, der modtager ekstra medicinsk behandling, har bedre kort- og 

langsigtet helbred og klarer sig bedre i matematik til niende klasses afgangseksamen. 

Efterfølgende undersøger vi de afsmittende effekter på ældre søskende og finder ingen 

tegn på, at deres helbred påvirkes. Dog finder vi betydelige positive afsmittende effekter 

på alle vores mål for akademisk præstation. Overordnet antyder vores resultater, at me-

dicinsk behandling af VLBW børn kan have afsmittende effekt på ældre søskende, hvil-

ket kan øge værdien af sådanne behandlinger. Mønsteret i de estimerede effekter stem-

mer ikke overens med, at de afsmittende effekter skulle gå igennem bedre helbred for de 

ældre søskende, men stemmer overens både med forældres kompenserende opførsel og 

positive peer effekter mellem søskende.   

I kapitel tre undersøges de potentielle afsmittende effekter fra at have en søskende 

med Attention-Deficit/Hyperactivity-Disorder (ADHD). Det er veldokumenteret at ud-

viklingsforstyrrelsen ADHD er stærkt associeret med dårligere præstation i en lang 

række vigtige mål for humankapital såsom testresultater og opnået uddannelse (Currie 

and Stabile, 2006; Fletcher and Wolfe, 2008). Ved brug af dansk registerdata undersø-

ger jeg, om tilstedeværelsen af en søskende med ADHD kan have en afsmittende virk-

ning og påvirker uddannelses-outcomes for en ældre søskende. Mere generelt giver den-

ne artikel information omkring eksternaliteter forbundet med en lidelse. En stikprøve af 

førstefødte børn, der ikke selv lider af ADHD, er nøje udvalgt og der udnyttes et bredt 

sæt af relevante baggrundskarakteristika. Ved brug af OLS og cousin fixed effects ana-

lyser, finder jeg, at raske førstefødte børns akademiske præstation påvirkes negativt af 

tilstedeværelsen af en yngre søskende med en ADHD diagnose. Disse resultater er robu-

ste på tværs af specifikationer og antyder, at værdien af at reducere kernesymptomerne 

ved ADHD kan strække sig udover barnet selv.   

I det sidste kapitel holdes fokus på ADHD. Her benyttes søskendeforholdet til at un-

dersøge en af de faktorer, man mener, kan forudsige ADHD – mors rygevaner under 

graviditeten (skrevet sammen med Carsten Obel, Jin Liang Zhu, Jørn Olsen, Jiong Li, 

Therese K Grønborg, Mika Gissler og Michael Rutter). Traditionelle kohorte studier har 

konsekvent vist, at eksponering til moderens rygning under graviditeten er associeret 

med omkring to gange højere risiko for Attention-Deficit/Hyperactivity-Disorder hos 

barnet. Imidlertid har nyere studier udnyttet alternative designs til at udlede effekten af 
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sociale og genetiske faktorer, der kan være forklaringen på den fundne sammenhæng 

(f.eks.  Linnet et al., 2005 & Langley et al., 2005). Vi undersøger sammenhængen mel-

lem prænatal eksponering for moderens rygning og ADHD hos børn ved brug af et sø-

skende-design, hvor vi sammenligner hel- og halvsøskende. Ved brug af konventionelle 

kohorte-analyser finder vi den forventede sammenhæng mellem rygning under gravidi-

teten og barnets ADHD. I vores søskende-analyse finder vi omvendt ikke denne sam-

menhæng mellem eksponering til mors rygning under graviditeten og risikoen for 

ADHD. Vi finder ingen forskelle mellem halv- og helsøskende. Vi finder ingen tegn på, 

at prenatal rygning er en væsentlig kausal faktor i ADHD. Vores fund antyder, at den 

stærke sammenhæng, der er påvist i mange af de tidligere epidemiologiske studier sand-

synligvis skyldes et stærkt link mellem ADHD genetikken eller delt familiemiljø og 

rygning.
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ABSTRACT 

Of all the influences on childhood development, the family environment is particularly 

powerful.  We study how birth order affects short- and long-run outcomes for boys rela-

tive to girls across a wide range of adolescent and adult outcomes found in remarkably 

rich register-data from Denmark. One innovation is our focus on families with two or 

more children where the first two children are of mixed sex:  families that are otherwise 

nearly identical on observable characteristics due to the genetic lottery. We find sub-

stantial birth order effects, including a novel result that second-born boys in these fami-

lies are 20% more likely to be imprisoned compared to boys from very similar families 

but happen to be born first. We also find that second-born children have lower test 

scores, complete less schooling, and have moderately lower earnings as adults. We fur-

ther contribute to the literature by exploring mechanisms. The birth-order effect on 

reading scores is larger for girls than for boys, and time-use data shows that parents in-

vest relatively less time on schoolwork for second-born girls compared to second-born 

boys. We can rule out that differences in the length of maternity leave, maternal labor 

supply early in life, the use of daycare early in life, and parental divorce can explain the 

main findings.  Finally when considering spacing we find that the results are stronger 

for children born close together, consistent with time constraints for new parents and 

greater sibling influences.   

 

 

 

 

* We would like to thank Marianne Simonsen and Helena Skyt Nielsen for valuable comments, along 

with participants at the Workshop on Economics of Education at Aarhus University. We also want to 

acknowledge the inspiration provided by Gary Becker for studying the economics of parental invest-

ments. Breining gratefully acknowledge financial support from the Danish Council for Independent Re-

search (Sapere Aude Starting Grant, 10-079597). 



4 

 

1.1 Introduction 

There is enormous interest among economists and policy makers about the role that 

the family environment plays in child development, from in utero investments through 

the impact of family on educational attainment. The sheer amount of time children 

spend with the family and the influences each member has on one another imply that the 

family must have enormous effects on child development. Estimating effects of parental 

investments and sibling influences can be confounded by endogeneity concerns. Fur-

ther, plausibly exogenous variation in family structure offers a lens to understand the 

role of parental investments on child outcomes. 

This paper joins the literature that investigates the effects of birth order on child out-

comes.  In the economics literature, there is a long history of studying this question (see, 

for example, Behrman and Taubman, 1986), but the main recent empirical contributions 

stem from work by Black, Devereux & Salvanes (BDS). Their 2005 study employed 

large datasets from Norway for outcomes measured from 1986-2000, and they find 

large birth order effects that appear to dominate effects of family size on child out-

comes. Using between and within-family variation in birth order, they find less educa-

tional attainment, more teen births among women, and worse labor-market outcomes for 

those born later in the family. Interestingly, the effects are somewhat stronger for wom-

en. 

Given that the literature has found negative effects of birth order, explanations of that 

result in deficits for later-born children are sought.
1
 Family structure, in particular the 

relationship between siblings, is thought to affect children in two main ways: parental 

investments and direct sibling influences. Parental time investments are lower for later-

born children, as the first born has some undivided attention from parents until a young-

er sibling arrives which is not compensated for later-born children.
 2

 

                                                 
1
 There are many channels by which later-born children could benefit from their birth-order status.  Par-

ents should have more parenting experience and they should have higher incomes and wealth compared to 

when the first born entered the family.   
2
 Price (2008) investigated American Time Use Survey and found that first-borns get 20-30 min more 

quality time compared to 2
nd

 born in a similar family due to equalizing time at a point in time and less 

time to go around with more children. 
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This “resource dilution” is largely a consequence of the time budget constraint 

(Becker, 1991).  Indeed, the negative correlation between family income and family size 

has been attributed to the quantity-quality tradeoff, which features an increasing cost to 

the production of quality with the number of children.
3
 

Meanwhile, the relationship between the siblings can influence each of them: the 

quintessential peer effect where evidence from education suggests that the introduction 

of a disruptive student to a classroom negatively impacts learning for others (Carrell and 

Hoekstra, 2010; Kristoffersen et al. 2014a). In the sociology literature, the confluence 

model notes that a child born into a family with young (closely-spaced) peers may have 

worse educational outcomes compared to a child born into a family with more mature 

peers (Zajonc and Markus, 1975).  Related, older siblings may benefit from teaching 

younger siblings and acting as a role model (Smith, 1990).  These peer effects are diffi-

cult to isolate due to the simultaneity of the influences (Manski, 1995).  

We offer three main contributions.  First, we consider a wide array of outcomes us-

ing remarkably rich register data from Denmark, including novel results on the effects 

of birth order on crime outcomes.  Second, we devote more attention to the differences 

in birth-order effects across boys and girls.  To do so, our main results focus on families 

with at least two children where the first two children are of mixed sex.  These families 

are nearly identical to one another due to the genetic lottery, including completed family 

size as parental preferences for gender variety are met within these families. Third, we 

are able to delve somewhat deeper than existing work into potential mechanisms by 

which birth order can affect children differently by sex. 

We find that second-born children have substantially lower test scores as adoles-

cents, higher imprisonment rates as young adults, and moderately lower employment 

and earnings as adults.  The impact of being born second is stronger for girls, especially 

for reading scores.  When we investigate time-use data, we find that parents spend less 

time working with second-born girls on their homework.  Our data suggest that differ-

ences in length of maternity leave, maternal employment, daycare usage when children 

are young and parental marital stability are not driving the effects. 

                                                 
3
 See Becker & Lewis (1973) and Becker & Tomes (1976) for earlier treatments.  An alternative model of 

the family that can explain birth-order differences is offered by Hotz and Pantano (2015) who argue that 

parental reputation concerns could lead to more intense monitoring and discipline among older children 

as a signal to later born children, and this could lead to direct effects on first-borns such as superior per-

formance at school and better behavior.   
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The remainder of the paper is organized as follows. Section 2 reviews related work 

and describes the empirical framework. Section 3 describes the data. Section 4 presents 

the outcome results and Section 5 explores potential mechanisms. Section 6 investigates 

heterogeneity across families and Section 7 tests the robustness. Finally Section 8 con-

cludes.  

1.2 Background and Empirical Framework 

1.2.1 Related work 

Two areas of focus for the current paper are the comparison of birth order effects by 

sex, and the role that parental investments can play in determining these birth order ef-

fects.  This section briefly describes related work along these two dimensions.   In addi-

tion, our main results study differences in outcomes for children who have different 

types of siblings:  boys with older vs. younger sisters and girls with older vs. younger 

brothers.  The impact of different types of siblings on outcomes is reviewed as well. 

 

1.2.1.1 Heterogeneity of Birth Order Effects 

One focus of the current paper is the comparison of birth-order effects by sex.  Pre-

vious papers have considered this variation as well.  As noted above, BDS (2005) find 

stronger labor-market effects among girls in Norway, a result that is replicated using 

Norwegian data by Kristensen and Bjerkedal (2010).   

Härkönen (2014) studies the German life History Study and finds negative birth or-

der effects on educational attainment.  In contrast to the studies in Norway, these effects 

are found to weaken among girls.  The paper notes that results may differ in Germany 

compared to Norway due to the placement of students into vocational and academic 

tracks from a relatively early grade.  Indeed, the study finds effects from compulsory 

school to gymnasium, but not from gymnasium to university.   

The Norway-Germany comparison highlights that birth order effects can vary across 

countries.  In developing countries, for example, there is a choice between child labor 

and schooling.  Haan, et al. (2014) find positive birth order effects in Ecuador, with ear-

lier-born children receiving less quality time and breastfeeding and less time in school.  

These effects are thought to arise from families’ income improving over time so that 
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they can afford to send later-born children to school rather than the labor market.  Day-

ioğlu et al. (2009) report evidence from Turkey, where middle children perform worst 

for school enrollment.  This point that the effects of birth order can vary across place 

and under different institutions suggests that these effects are not due to genetic en-

dowments.     

 

1.2.1.2 Parental investments 

One explanation for differences in outcomes by birth order is that parental invest-

ments vary along this dimension.  Indeed, variation in outcomes by birth order can pro-

vide a lens to study the effects of parental investments themselves.   

Downey (1995) studied the National Education Longitudinal Study and found that 

the typical negative correlation between sibship size and child outcomes is no longer 

present once parental resources are controlled.  The parental resources studied have po-

tential endogeneity concerns, however.  Measures such as money saved for college, 

educational objects in the home, and parents’ educational expectations could reflect 

child ability as well as parental investments.    

Averett et al. (2011) used the National Longitudinal Survey’s Adolescent Health sur-

vey to show that first borns are supervised more and have fewer risky behaviors.   Leh-

mann et al. (2014) used the National Longitudinal Survey of Youth to show that birth 

order effects are already present at ages 0-2 and grow until 5-6 when schooling may 

mitigate effects of parental investment disparities.  Interestingly, the paper reports a 

broad shift in parenting for later-born children: more missed prenatal visits, less likely 

to abstain from alcohol during pregnancy, less likely to breastfeed, and less early-

cognitive stimulation at home.  Another direct measure of parental investment is finan-

cial transfers, and Haan (2010) used the Wisconsin Longitudinal Study to show that 

such transfers are higher for earlier born children.   

In terms of sex differences, Baker & Milligan (2013) investigate boy-girl differences 

in parental time investments focusing on first-born children.  They find that first-born 

girls receive more investments in cognitive skills such as reading compared to first-born 

males.   
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1.2.1.3 Sibling effects 

There is also a literature on the influence of sibling composition (brothers vs sisters) 

on educational attainment.  Butcher & Case (1994) found that the presence of brothers 

increased educational attainment of women, although there is mixed empirical evidence 

for these effects with some studies finding no effects and others finding opposite effects 

(Hauser & Kuo, 1997; Kaestner, 1997; Conley, 2000; Deschenes, 2002; Dayioğlu et al 

2009; Chen et al 2009).  Dahl and Moretti (2008) show that sex composition may have 

direct effects on marital stability—something that we will measure directly as a poten-

tial mechanism.   

 

1.2.2 Empirical Framework 

A few lessons can be gleaned from the varied results on birth order in the previous 

literature.  There are a standard set of controls that have been highlighted for some time 

(Blake, 1989).  First, cohort effects need to be included to control for the fact that later-

born children benefit from general progress over time.  Second, once we are comparing 

children at different birth orders within a cohort, this induces (conditional) variation in 

the age of the mother at first birth.  The standard set of controls therefore adds maternal 

age at first birth indicators to the model with cohort effects.  These models then control 

for mothers age at birth as a linear control as a way to control for parental experience.  

This estimation requires unequal spacing so cohort effects don’t absorb the birth order 

effects. We will directly explore heterogeneity of results within families whose children 

are differentially spaced below. Last, we will include controls for pre-determined family 

characteristics at the time of the first birth.  

A second concern is that family structure can have its own effects on a family other 

than direct birth order effects. Bagger et al. (2013) note that birth order and family size 

are jointly determined. That is, one cannot manipulate family size, holding within-

family distribution of birth orders constant. Another example is that families with same-

sex children among their first borns are more likely to have additional births—a meas-

ure that is often used as an instrument for family size (Angrist, Lavy and Schlosser 

(2010), Conley and Glauber 2006,): BDS 2005 also use this instrument in their analysis 

of family size, but they note that same-sex siblings may have an independent effect.  To 

address these issues directly, our main estimates focus on families with at least two 
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children of mixed sex.  The assumption is that the assignment of a boy and then a girl to 

a family is “as good as random” compared to an assignment of girl then boy.  In particu-

lar, the completed family size is not expected to be affected by the ordering of which 

sex comes first. 

Third, while family fixed effects are appealing, in practice they do not alter the esti-

mates in economics papers (BDS, 2005; BDS, 2007; Bagger et al., 2013, 

Härkönen,2014)  Within-family estimation does increase the standard errors of the main 

estimates, but with large samples from registry data precision is not a large problem.  

Further, when we consider effects separately for boys versus girls, a family fixed effects 

model would require at least two boys or two girls in the family.   

Another issue is that last-born children may have worse outcomes if families decide 

not to continue having children if they have one that is particularly costly (e.g. has 

health problems) (Ejrnæs and Pörtner, 2004). Our main analysis includes families with 

two or more children, and we can examine results where the second born is not the last 

born.   

In the end, we rely on sample restrictions to arrive at a “clean” sample where the 

birth order of boys relative to girls is plausibly exogenous: families with at least two 

children of mixed sex.  Of course the results will apply most directly to individuals who 

have a sibling of the opposite sex and we are focusing on which one came first.  We will 

also explore results for families where the first two born are of the same sex.   

The main estimating equations for person i born in cohort c(i) in family f(i) are of the 

form: 

𝑌𝑖 = 𝛽0 + 𝛽11(𝑆𝑒𝑐𝑜𝑛𝑑) + 𝛽21(𝐹𝑒𝑚𝑎𝑙𝑒) + 𝛽31(𝑆𝑒𝑐𝑜𝑛𝑑) ∗ 1(𝐹𝑒𝑚𝑎𝑙𝑒) + 𝛽4𝑋𝑓(𝑖) + 𝛿𝑐(𝑖) + 휀𝑖 

where 𝛽1 compares boys born second and have an older sister compared to boys in other 

families who happen to be born first and have a younger sister, and 𝛽1 + 𝛽3 compares 

second-born girls to first-born girls across these families;  𝑋𝑓 is a vector of pre-

determined controls including mother’s age at first birth, mother’s age, completed fami-

ly size, birth region, father’s age, parental education, immigrant status, parental em-

ployment and income; and 𝛿𝑐are year-of-birth cohort effects for person i.  Standard er-

rors will be clustered at the family level. 
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1.3. Data Description 

To study birth order effects, we employ Danish register-based data administered by 

Statistics Denmark. We have access to individuals born in the period 1960-2010. Using 

a unique identification number we are able to link generations, hence children can be 

linked to their parents and siblings. Given this structure of the data and access to the 

specific date of birth, we can measure each individual’s birth order, the completed fami-

ly size of each family and the sex composition of children in the family.   

As in the previous literature, we exclude twins from the sample due to the problem of 

correctly assigning birth order of twins. Further the sample is restricted to full biological 

siblings meaning that all the children have the same mother and father. Hence we ex-

clude all half-siblings.
4
 

The access to rich data from various administrative registers allows us to consider 

both short and long run outcomes. This is done for a sample of younger and older co-

horts, respectively. All measures of outcomes for children are constructed for a sample 

of children born between 1986 and 1997. All measures of outcomes for young adults are 

constructed for children born between 1981 and 1990. Depending on the specific out-

come we end up with a sample of between 196904 and 241619 first- and second-born 

children from families with at least two children where the first two are of mixed sex. 

All long run outcomes are constructed for individuals born between 1968 and 1975. 

Depending on the specific outcome the resulting dataset consists of between 156280 

and 176328 observations of first- and second-born children from families with at least 

two children where the first two are of mixed sex. 

 

1.3.1 Family size by sex composition 

 

The restriction to families with at least two children of mixed sex deserves slightly 

more attention, as it is one of the innovations of the project. Previous work has used the 

sex combination of earlier born children as an instrument for family size: when the first 

two children share a gender, families are more likely to grow to increase within-family 

                                                 
4
 For a very small proportion of the children (less than 1% in our final samples) the father is unknown. If 

this is the case for both the firstborn and the second-born the father can in principle be different across 

children. We have checked that all results are robust to the exclusion of families with missing fathers.   
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variety (E.g. Angrist, Lavy & Schlosser, 2010; Conley and Glauber, 2006). The gender 

lottery implies that similar families with 2 children can have different gender combina-

tions; this project restricts the sample to a particular value of this instrument to foreclose 

a channel by which these families can subsequently differ by deciding to have more 

children.  

To document that family size is in fact affected by the sex combination of children 

Table 1 reports the propensity to have subsequent children by sex composition of previ-

ous children in the family. Panel A reflects our adult outcome sample covering families 

who have their first child between 1960 and 1975. When considering all families we see 

that the probability of having a second child is not affected by the sex of the first child. 

This is consistent with a relatively widespread two child norm in Denmark. Panel B 

reflects our child outcome sample covering families who have their first child between 

1980 and 1997. Here we see that having a firstborn boy leads to a small but significant 

increase in the probability for having a second child. This is consistent with an in-

creased preference for daughters found in the Nordic countries from the late 1970s (An-

dersson et al., 2006)
5
. 

This increased probability for second child in first boy families could be cause of 

concern for our setup. However, as we see in both panel A and B, once we consider the 

probability of having a third child for families with at least two children there is no dif-

ference between boy-girl and girl-boy families. In fact we see that being a mixed sex 

family lowers the probability of having a third child significantly especially compared 

to boy-boy families but also compared to girl-girl families. This fits the literature con-

firming a relatively strong preference for mixed sibship. It further underline that once 

we consider families with at least 2 children of mixed sex completed family size does 

not seem to be affected by the arrival of a boy first versus a girl first. In the next section 

we confirm that these families with mixed children are in fact very comparable inde-

pendent of the order of the boy and girl. 

  

                                                 
5
 Another explanation could be the Dahl and Moretti (2007) finding that if the first child is a girl marital stability may 

be affected. Ichino et al. (2014) find that in US, UK, Italy and Sweden, women with a firstborn boy are more likely to 

have subsequent children due to this greater marital stability. This could potentially be a problem for our strategy. We 

have investigated how the probability of divorce within 10 years is affected by the sex of the firstborn child. Appen-

dix Table A1 shows that we do not find any differences in marital stability by sex of the firstborn. Hence this does not 

give rise to concern.     
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Table 1. Propensity to have subsequent child by sex composition of previous children 

 

Notes: Robust standard errors in parentheses. *** significant at 1%, ** at 5%, * at 10%. Column (1) in-

cluded no controls, (2) includes maternal age at firstborn, parental immigration status, parental education, 

employment and income. Panel A covers families having their first child between 1960 and 1975. Panel B 

covers families having their first child between 1980 and 1997. 

 

  

Coeff S.E Coeff S.E

A: Adult outcome sample

Probability of having second-born - All families

Firstborn is a boy -0.001 (0.004) -0.001 (0.004)

Number of observations 548881 548881

Mean of dependent variable 0.800 0.800

Probability of having third-born - 2+ families

Boy - Boy family

Girl - Girl family -0.041*** (0.005) -0.042*** (0.005)

Boy - Girl family -0.160*** (0.005) -0.165*** (0.005)

Girl - Boy family -0.156*** (0.005) -0.162*** (0.005)

Number of observations 438650 438650

Mean of dependent variable 0.387 0.387

B: Child outcome sample

Probability of having second-born - All families

Firstborn is a boy 0.019*** (0.004) 0.019*** (0.004)

Number of observations 534307

Mean of dependent variable 0.811

Probability of having third-born - 2+ families

Boy - Boy family

Girl - Girl family -0.044*** (0.005) -0.047*** (0.006)

Boy - Girl family -0.136*** (0.005) -0.142*** (0.006)

Girl - Boy family -0.137*** (0.005) -0.145*** (0.006)

Number of observations 432341

Mean of dependent variable 0.387

( Ref ) ( Ref )

(2)(1)

( Ref ) ( Ref )
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1.3.2 Covariates 

The identification of different birth order effects among girls and boys relies heavily 

on the sibling sex genetic lottery. However, inclusion of the correct covariates is still 

important if we want to (1) show that families are similar despite differences in the sex 

of the first two children and (2) compare the main results to families with other sex 

composition, controlling for observable characteristics such as completed family size. 

When choosing which covariates to include in our model, we follow the existing lit-

erature on birth order (e.g. Blake, 1989 and BDS 2007). We include completed family 

size, birth cohort, parental age, maternal age at first birth and parental characteristics. 

The parental characteristics included are birth region, education, immigrant status, em-

ployment and income. In the child sample these are measured at or the year before the 

child is born, but due to data limitations this is not possible for the adult sample. For the 

adult sample, these covariates are instead measured the year the child turn 12.  

Table 2a and 2b shows the mean background characteristics for two child mixed sex 

families with firstborn girl, second-born boy versus firstborn boy, second-born girl. Ta-

ble 2a includes individuals born between 1986 and 1997 - a sample where we can 

measure child outcomes such as test scores. Table 2b reports means for the 1968-1975 

cohorts, where we can measure longer-term labor market outcomes.  

When comparing the means across the two sex compositions we see that only very 

few of the covariates are significantly different and these differences are very small in 

size. This leads us to believe that the genetic lottery among these two child mixed sex 

families in fact does imply that it is as good as randomly assigned which families have a 

firstborn girl/second-born boy and which have a firstborn boy/second-born girl. 

Table 2a and 2b also contain mean birth spacing between the first- and second-born 

children. Here we again see very small differences across the sex compositions and this 

difference is only significant for the child outcome sample. Furthermore, the direction 

of the difference is opposite in the two samples. We do not include birth spacing in our 

main specification as we rely on unequal spacing to estimate effects controlling for birth 

cohort, mother’s age at first birth and mother’s age, but in the mechanism section we 

will analyze the importance of spacing more carefully.   
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Table 2a. Balancing table - 2+ mixed sex families - Child outcome sample 

 
Note: Bold indicates a significant difference at the 5% level. 

Mean Std Dev Mean Std Dev

Parental controls - Mother

Age mother - first-born 26.132 3.836 26.105 3.846

Age mother 27.942 4.242 28.007 4.235

Education

Basic 0.227 0.419 0.227 0.419

High school or voccational 0.451 0.498 0.453 0.498

College 0.267 0.443 0.264 0.441

Employed 0.776 0.417 0.779 0.415

Parental controls - Father

Age father - first-born 28.904 4.846 28.898 4.857

Education

Basic 0.206 0.404 0.204 0.403

High school or voccational 0.480 0.500 0.483 0.500

College 0.250 0.433 0.246 0.431

Employed 0.875 0.331 0.872 0.334

Family controls

Income

Low 0.213 0.410 0.211 0.408

Low-Medium 0.225 0.418 0.225 0.417

Medium-High 0.252 0.434 0.252 0.434

High 0.309 0.462 0.312 0.463

Mother immigrant 0.098 0.297 0.099 0.298

Father immigrant 0.100 0.300 0.100 0.300

Spacing (firstborn to second-born) 3.371 1.995 3.398 2.050

Completed family size 2.458 0.742 2.456 0.743

Number of observations 107876 108035

Firstborn girl, Second-born boy Firstborn boy, Second-born girl
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Table 2b. Balancing table - 2+ mixed sex families - Adult outcome sample 

 
Note: Bold indicates a significant difference at the 5% level. 

 

1.3.3. Child outcomes 

For the young cohorts we consider a range of different outcome measures that char-

acterize the child’s education
6
 and risky behavior. 

In Denmark the typical child enters first grade of compulsory schooling the year they 

turn seven.
7
 Compulsory school is completed with a ninth grade exit exam.

8
 Exploiting 

                                                 
6
 The Danish educational system is publicly provided from primary school throughout college. No tuition 

is charged and once the student turns 18 he or she is offered monthly financial aid from the government. 
7
 A few children may be one year younger and a few may be one year older. 

Mean Std Dev Mean Std Dev

Parental controls - Mother

Age mother - first-born 23.430 3.595 23.473 3.608

Age mother 25.197 4.073 25.230 4.086

Education

Basic 0.385 0.486 0.385 0.487

High school or voccational 0.382 0.486 0.383 0.486

College 0.191 0.393 0.190 0.393

Employed 0.798 0.402 0.796 0.403

Parental controls - Father

Age father - first-born 26.179 4.403 26.212 4.392

Education

Basic 0.277 0.447 0.278 0.448

High school or voccational 0.447 0.497 0.451 0.498

College 0.217 0.412 0.212 0.409

Employed 0.918 0.275 0.917 0.276

Family controls

Income

Low 0.373 0.484 0.375 0.484

Low-Medium 0.119 0.323 0.121 0.326

Medium-High 0.148 0.355 0.147 0.354

High 0.360 0.480 0.358 0.479

Mother immigrant 0.050 0.217 0.051 0.220

Father immigrant 0.046 0.210 0.048 0.213

Spacing (firstborn to second-born) 3.562 2.065 3.557 2.094

Completed family size 2.404 0.713 2.401 0.707

Number of observations 94757 95190

Firstborn girl, Second-born boy Firstborn boy, Second-born girl
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data from the primary school grade register we construct three measures of performance 

in primary school. The first measure is the overall mark the student received in ninth 

grade. This is constructed on the basis of both term marks reflecting student perfor-

mance during the school year and the exit exam grades. The second and third measure 

of performance in primary school is the ninth grade exit exam grades in Reading and 

math. These exam results are based on both the teacher and an external reviewer’s as-

sessment of the performance. All grades are standardized to have zero mean and unit 

standard deviation within each cohort. The data is available for school years 2001/2002 

up until school year 2012/2013. This means that we are able to construct these outcomes 

for children born between 1986 and 1997.  

Once compulsory school is completed, education in Denmark is voluntary. Young 

adults have three options: following an academic path and enrolling into high school, 

enrolling into a vocational training program or leaving the educational system. This 

leads us to our next outcome, which measures high school enrollment before or at age 

19. This measure is available from the student register and can be constructed for chil-

dren born between 1981 and 1992. 

To characterize risky behavior we exploit access to unique data from the Danish 

Crime register. This register contains all criminal charges and convictions. In Denmark, 

the age of criminal responsibility is 15 years. From the age of 15 an individual is con-

sidered fully responsible for any criminal act. Our main measure of risky behavior is a 

measure of having any criminal convictions at age 21.
9
 As a more severe measure of 

crime we also consider having ever been imprisoned at age 21. Further we are able to 

look into specific types of criminal behavior such as property crime and violent crime. 

The crime outcomes will be shown separately for boys and girls due to the very differ-

ent crime patterns across the sexes. 

Finally using the birth registers we are able to consider another measure of risky be-

havior for girls, teen births.  

  

                                                                                                                                               
8
 In Denmark 9 years of primary school is compulsory. 

9
 We exclude all traffic offences. A majority of the convictions in the Crime Register are traffic offences 

such as speeding and parking tickets.  
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1.3.4. Adult outcomes 

For the older cohorts we consider a range of outcome measures that characterize long 

run educational attainment, long run labor market participation and performance and 

family formation. All long run outcomes are measures when the individual is 35 years 

old. 

From the Population Register of Education we have annual educational codes. Using 

these 8 digit codes we can obtain educational categories defined by Statistics Denmark. 

We can assign years of education to each educational category, and thereby obtain a 

measure of years of education. We further divide the educational categories into three 

outcomes reflecting highest degree of education. The first category is defined as basic 

education, which amounts to having completed 9
th

 grade. The second category is having 

obtained either a high school or a vocational degree. The final category reflects having 

obtained a college degree.
10

    

We use the Integrated Database for Labor Market Research to construct our labor 

market outcomes. We construct a measure of log annual earnings for full time employ-

ees
11

 and a measure of extensive and intensive labor supply. Extensive labor supply is 

defined as being employed in a given year. This outcome will be equal to one if an indi-

vidual worked at least one day in the year he or she turns 35. Otherwise it will be equal 

to zero, meaning that those out of the labor force will include both individuals who are 

not participating in the labor market and individuals who are unemployed. Intensive 

labor supply is defined as the number of fulltime working days per year. It thus reflects 

the amount of time the individual actually spends in the fulltime labor market.  We are 

further able to consider type of occupation. In addition to labor market, we are able to 

measure outcomes in the marriage market. In particular, we can use information about 

the individuals’ civil status to construct measures of marriage and divorce by age 35. 

 

1.3.5 Mechanisms 

We want to explore what may cause the birth order effects and any differences in 

these effects by sex. To consider different potential mechanisms we add other sources of 

data.  

                                                 
10

 This can be a bachelor degree, a master degree or anything above. 
11

 Full time employees are defined as individuals employed at least 200 days in a year. 
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First, we consider maternal investments early in a child’s life. This includes infor-

mation on maternal employment status one year after the child is born along with days 

the mother spent on maternity leave. From the Register of day-care institutions we ob-

tain information about the populations’ use of day-care institutions. Each year between 

1995 and 2008 we have information about type and place of institution. Using this we 

create a measure of enrollment into out of home day-care at age two. This is done for 

children born between 1993 and 2000. To consider father’s involvement, we add civil 

status (divorce) of the parents one to ten years after the child is born, as second-born 

children are more likely to have divorced parents due to the hazard of divorce increasing 

over time.  

Finally, we explore access to data from a survey conducted in connection to the Dan-

ish two-teacher experiment. The experiment was conducted in the school year 

2012/2013 and took place at the intermediate stage of primary school (6th grade). The 

sample consists of around 10,000 pupils from 231 public schools across 14 municipali-

ties. If a school is part of the sample all its 6th graders were included.
12

 The survey we 

are using was conducted before the two-teacher experiment began.
13

  

The pupils were asked how often their parents helped them with homework, how of-

ten they asked about homework and how often parents asked about school in general. 

These questions allow us to explore parental time investments.  

The survey further encompassed an internationally acclaimed behavioral screening 

questionnaire, the Strengths and Difficulties Questionnaire (SDQ) first developed by 

Goodman (1997) and later used in numerous studies (eg. Currie & Lin, 2007; Kelly et 

al., 2009; Datta Gupta & Simonsen, 2010; Berger & Spiess, 2011; Kristoffersen et al., 

2014b).  

The SDQ contains 25 items within five dimensions. Four of the dimensions concerns 

difficulties covering conduct problems, emotional symptoms, hyperactivity and peer 

relationships. One dimension concerns strengths and covers prosocial behavior.
14

 In line 

with past literature we can use the four difficulty dimensions to generate the Total Diffi-

culty Score reflecting the child’s socio-emotional behavior. Following Goodman (1997) 

                                                 
12

 For more information about this data see “2L Rapport - Undersøgelse af effekten af tolærerordninger” 

by Andersen et al. (2014). 
13

 Approximately 10,000 sixth grade pupils answered the questions in September 2012. Here they were 

around 12 years old. 
14

 See table A2 in the appendix for a detailed list of questions or see http://www.sdqinfo.com/. 
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we construct three binary variables: Normal, Borderline and Abnormal. Similarly we 

spilt the scores on the fifth dimension, Pro-Social behavior. See appendix Table A2 for 

details.  

These measures will allow us to investigate whether there are differences in the psy-

chological attributes or non-cognitive skills by birth order and sex. 

  

1.4 Results 

1.4.1 Child and Young Adult Outcomes 

We exploit the genetic lottery in having firstborn girl/second-born boy as opposed to 

having firstborn boy/second-born girl for the 2+ mixed sex families we are considering 

to estimate birth order effects and how these vary by sex. We first present the short-run 

outcomes for our young cohorts and next present the long-run outcomes for our older 

cohort. Subsequently we study some of the mechanisms that might lie behind our pri-

mary results. Table 3a reports child educational outcome results. For each outcome we 

report the mean and the three coefficients of interest: an indicator of being second-born, 

an indicator of being female, and the interaction term of female and second-born.  

The overall mark in 9
th

 grade, reading and math scores are all standardized to zero, 

yet we see that the mean is significantly different from zero. The reason for this is that 

the standardization is done at the population level and here we consider a selected sam-

ple of families with at least two children. Furthermore, we have excluded siblings with 

different fathers and this group of children does in general have scores below zero. 
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Table 3a. Child educational outcomes - All 2+ mixed sex families 

 
Notes: Standard errors are clustered by family. *** significant at 1%, ** at 5%, * at 10%. Column (1) 

included no controls, (2) includes cohort fixed effects, maternal age and maternal age at firstborn, (3) 

adds completed family size, birth region, parental immigration status, parental education, employment 

and income. All parental controls are measure the year before birth. Overall mark, reading and math re-

sults are estimated on cohorts 1986-1997. High school enrollment results are estimated on cohorts 1981-

1992. 

 

In columns (1)-(3) we gradually expand our conditioning set. In the first column we 

report estimates for a specification without inclusion of any controls. In column (2) we 

include indicators for birth cohort, maternal age at first birth in years, and maternal age 

in years. Finally in column (3) we include completed family size, region of residence, 

parental immigrant status, parental education, employment, and income. All point esti-

mates are stable across specifications.  

Coeff S.E Coeff S.E Coeff S.E

Overall mark in 9th grade

Second-born -0.111*** (0.005) -0.128*** (0.006) -0.118*** (0.005)

Female 0.223*** (0.005) 0.226*** (0.004) 0.232*** (0.004)

Female * Second-born -0.030*** (0.008) -0.029*** (0.007) -0.026*** (0.007)

Number of observations 215911

Mean of dependent variable 0.092

Reading - Exit exam

Second-born -0.076*** (0.006) -0.119*** (0.007) -0.110*** (0.007)

Female 0.377*** (0.006) 0.379*** (0.006) 0.385*** (0.006)

Female * Second-born -0.055*** (0.009) -0.054*** (0.009) -0.052*** (0.008)

Number of observations 215911

Mean of dependent variable 0.060

Math - Exit exam

Second-born -0.144*** (0.006) -0.121*** (0.007) -0.113*** (0.007)

Female -0.115*** (0.006) -0.111*** (0.006) -0.106*** (0.005)

Female * Second-born -0.018* (0.009) -0.017* (0.009) -0.013 (0.008)

Number of observations 215911

Mean of dependent variable 0.098

High school enrollment

Second-born -0.050*** (0.003) -0.079*** (0.003) -0.066*** (0.003)

Female 0.173*** (0.003) 0.173*** (0.003) 0.172*** (0.003)

Female * Second-born -0.006 (0.004) -0.005 (0.004) -0.004 (0.004)

Number of observations 241619

Mean of dependent variable 0.595

(1) (2) (3)
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Considering the effect of being second-born we see highly significant and negative 

coefficients across educational outcomes. Focusing on the full model specification in 

column (3) we see that second-born boys have lower overall marks in the 9
th

 grade: 

11.8% of a standard deviation, as well as lower reading and math scores (11% and 

11.3% of a standard deviation, respectively). Further the probability of high school en-

rollment is 6.6 percentage points lower for second-born boys compared to firstborn 

boys.  

The coefficient associated with the interaction between the female indicator and the 

indicator for being second-born reveals striking result. Being female significantly in-

creases the negative effect of being second-born by 2.6% of a standard deviation for the 

overall mark in the 9
th

 grade and by 5.2% of a standard deviation in reading. In term of 

math scores and high school enrollment we do not see any significant difference of be-

ing second-born boys vs. girl: both sexes are equally worse off by having a higher birth 

order among these outcomes. 

Overall, the results in Table 3a show that being second-born in a 2+ mixed sex fami-

ly has negative effects on short run academic performance for both boys and girls. Es-

pecially in terms of reading scores girls are punished significantly more by their birth 

order compared to the boys.   

Table 3b presents results from our crime outcomes. As mentioned in the data section 

the crime outcomes are shown separately for boys and girls due to the very different 

crime patterns across the sexes.
15

 In panel A we report estimates for boys and in panel B 

we report estimates for girls. Again column (1)-(3) gradually expands the conditioning 

sets. As before we see that the point estimates of the second-born indicator are stable 

across specifications. The highly significant coefficients of second-born across all three 

crime outcomes show that being second-born substantially increases the probability of 

having criminal experience regardless of sex. This is true when considering any crime 

experience which covers a wide range of criminal activities, and also for specific crimes 

such as violence crimes and other severe crime that lead to imprisonment.
16

 If we com-

pare the second-born coefficients of boys and girls to the respective means of the de-

pendent variable, we see similar effect sizes are somewhat larger for girls, albeit com-

                                                 
15

 When using our standard specification we find that both second-born boys and girls have a higher 

probability of committing crime. These results are available upon request. 
16

 Table A3a in the appendix reports results for specific types of crime.   
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pared to a lower baseline. For example the increased probability of 2.2 percentage 

points of committing crime for boys and 0.7 percentage point for girls amount to 13.5% 

and 16.3% of the mean for boys and girls respectively. Conducting the same calcula-

tions for imprisonment we see that the increase in the likelihood of imprisonment for 

boys of 1.4% and 0.3% for girls amount to 21.2% and 33.3% of the mean for boys and 

girls respectively. 

 

Table 3b. Child crime outcomes - All 2+ mixed sex families 

 
Notes: Standard errors are clustered by family. *** significant at 1%, ** at 5%, * at 10%. Column (1) 

included no controls, (2) includes cohort fixed effects, maternal age and maternal age at firstborn, (3) 

adds completed family size, birth region, parental immigration status, parental education, employment 

and income. All parental controls are measure the year before birth. Crime results are estimated on co-

horts 1981-1990. 

 

Coeff S.E Coeff S.E Coeff S.E

A: Boys

Crime experience at age twentyone

Second-born 0.020*** (0.002) 0.029*** (0.004) 0.022*** (0.004)

Number of observations 98622

Mean of dependent variable 0.163

Committed violent crime at age twentyone

Second-born 0.004*** (0.001) 0.013*** (0.002) 0.009*** (0.002)

Number of observations 98622

Mean of dependent variable 0.043

Imprisonment by age twentyone

Second-born 0.008*** (0.002) 0.021*** (0.002) 0.014*** (0.002)

Number of observations 98622

Mean of dependent variable 0.066

B: Girls

Crime experience at age twentyone

Second-born 0.005*** (0.001) 0.010*** (0.002) 0.007*** (0.002)

Number of observations 98282

Mean of dependent variable 0.043

Committed violent crime at age twentyone

Second-born 0.002*** (0.000) 0.003*** (0.001) 0.003*** (0.001)

Number of observations 98282

Mean of dependent variable 0.005

Imprisonment by age twentyone

Second-born 0.002*** (0.001) 0.004*** (0.001) 0.003*** (0.001)

Number of observations 98282

Mean of dependent variable 0.009

(1) (2) (3)
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To sum up we again see negative effects of higher birth order. Being second-born in 

a two plus mixed sex family significantly increases the probability of risky behavior 

leading to criminal actions. Once we relate the boy and girl estimates to the means we 

see that girls are punished more by their birth order compared to the boys. These are 

remarkably large differences given that we are comparing individuals from similar 

families but have an older, rather than a younger, sibling of the opposite sex. 

The other measure of risky behavior we considered was teen birth, which has a mean 

of 3% among females and 0.9% for boys in this sample. We find no effect of birth order 

on this outcome, however.
17

 

 

1.4.2 Adult outcome results 

When turning to the long-run outcomes we consider cohorts born between 1968 and 

1975. The structure of the tables is again the same however the data we use to construct 

our controls only go back to 1980. Due to this data limitation the parental controls we 

include for these older birth cohorts are all measured when the child was 12 years old. 

Given that the sex composition of children could affect these controls, results using the 

full set of controls should be judged with more caution.  

Table 4a reports the estimates of long run educational outcomes which is measured at 

age 35. From the full model specification in column (3) we see that being second-born 

boy compared to firstborn boy leads to a highly significant decline in average educa-

tional attainment by almost a quarter of a year. The interaction term again shows a very 

interesting result: girls are worse off by having a higher birth order compared to boys. 

However, once all controls are included this sex difference is only significant at the 10 

percent level. 

In the birth order literature, years of education has frequently been used as an out-

comes. Comparing our results to BDS. (2005) we see that the findings are very similar 

to what they find using Norwegian data. BDS. (2005) also describes sex differences and 

find evidence that birth order effects are larger for women than for men.  

In Table 4a we also separate educational attainment into three outcomes reflecting 

highest degree of education. From this we see that the reduction in years of education is 

driven by a higher probability of only having a Basic education and lower probability of 

                                                 
17

 These results are reported in Table A3b in the appendix. 
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having obtained a college degree. When considering the interaction term we see that 

being second-born is significantly worse for girls than for boys in terms of obtaining a 

college degree: a 1 percentage-point reduction, or 2.5% of the mean. We regard these 

estimates as large considering that the individuals come from very similar families and 

have an opposite-sex sibling.   

 

Table 4a. Adult educational outcomes - at age 35 - All 2+ mixed sex families 

 
Notes: Standard errors are clustered by family. *** significant at 1%, ** at 5%, * at 10%. Column (1) 

included no controls, (2) includes cohort fixed effects, maternal age and maternal age at firstborn, (3) 

adds completed family size, birth region, parental immigration status, parental education, employment 

and income. All parental controls are measure at age 12. The results are estimated on cohorts 1968-1975.   

 

The results reported in Table 4a correspond well with our findings on school perfor-

mance for the young cohorts. We again find that birth order reduces educational attain-

ment, and that birth order seems to affect girls more strongly than boys. This is found 

Coeff S.E Coeff S.E Coeff S.E

Years of education

Second-born -0.269*** (0.019) -0.277*** (0.025) -0.237*** (0.024)

Female 0.619*** (0.019) 0.628*** (0.019) 0.617*** (0.017)

Female * Second-born -0.058** (0.029) -0.070** (0.028) -0.048* (0.026)

Number of observations 176328

Mean of dependent variable 13.233

Basic education

Second-born 0.017*** (0.003) 0.034*** (0.003) 0.021*** (0.003)

Female -0.052*** (0.002) -0.053*** (0.002) -0.053*** (0.002)

Female * Second-born 0.001 (0.004) 0.002 (0.004) 0.001 (0.003)

Number of observations 176328

Mean of dependent variable 0.151

Voccational or High school education

Second-born 0.025*** (0.003) 0.004 (0.005) 0.015*** (0.005)

Female -0.057*** (0.003) -0.057*** (0.003) -0.056*** (0.003)

Female * Second-born 0.010** (0.005) 0.011** (0.005) 0.009* (0.005)

Number of observations 176328

Mean of dependent variable 0.454

College education

Second-born -0.042*** (0.003) -0.038*** (0.004) -0.036*** (0.004)

Female 0.109*** (0.003) 0.110*** (0.003) 0.108*** (0.003)

Female * Second-born -0.012** (0.005) -0.013*** (0.005) -0.010** (0.004)

Number of observations 176328

Mean of dependent variable 0.395

(1) (2) (3)
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despite the fact that the old and young cohorts are from different periods, suggesting 

that these effects are fairly robust. 

For the cohorts born between 1968 and 1975 we are also able to examine the effect 

of birth order and potential sex differences on labor market outcomes measured at age 

35. Table 4b reports estimates for log annual earnings for full time employees, employ-

ment, intensive labor supply and two indicators for high- and low-level occupation 

type.
18

 

Overall we see that being second-born in a two child mixed sex family negatively af-

fects your earnings (by 1.3 log points). We find statistically significant, but tiny effects 

on labor supply, on both then intensive and extensive margins. In terms of occupations, 

we find that second-borns are substantially less likely to occupy a higher level position 

and more likely to occupy a lower level position compared to a firstborn.  

Turning to the interaction term we see that annual earnings of girls are impacted 

more by birth order compared to boys. This is also the case for the probability of occu-

pying a higher level position. In terms of employment and intensive labor supply girls 

and boys seem to be affected by birth order in a similar way. 

Finally for this sample of adults we also examine whether birth order may affect rela-

tionship formation and stability. These results are reported in Table A4 in the appendix 

and show that being second-born affects men and women somewhat different. For men 

being second-born as opposed to firstborn significantly increases the likelihood of mar-

riage whereas being second-born has the reverse effect for females, although both ef-

fects are relatively small compared to the high rates of marriage in the sample. Hence in 

terms of marriage our results indicate that birth order might work in the opposite direc-

tion for the sexes. Considering divorce we do not see any significant effects of birth 

order.
19

 

                                                 
18

 Table A4 in the appendix reports results for other types of occupations.  
19

 If we condition the sample to individuals who have actually been married we again see a zero effect of 

being second-born boy, but almost a one percentage point increase in probability of divorce for second-

born girls. This is however only significant at the 10 percent level. 
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Table 4b. Adult labor market outcomes - at age 35 - All 2+ mixed sex families 

 
Notes: Standard errors are clustered by family. *** significant at 1%, ** at 5%, * at 10%. Column (1) 

included no controls, (2) includes cohort fixed effects, maternal age and maternal age at firstborn, (3) 

adds completed family size, birth region, parental immigration status, parental education, employment 

and income. All parental controls are measure at age 12. The results are estimated on cohorts 1968-1975. 
a
Log annual earnings for full time employed. 

b
Intensive labor supply is the number of full-time working 

days per year. 

 

 

Coeff S.E Coeff S.E Coeff S.E

Log annual earnings
a

Second-born -0.015*** (0.003) -0.017*** (0.004) -0.013*** (0.003)

Female -0.236*** (0.003) -0.236*** (0.003) -0.238*** (0.003)

Female * Second-born -0.009** (0.004) -0.010*** (0.004) -0.007** (0.004)

Number of observations 123815

Mean of dependent variable 12.668

Employed

Second-born -0.006** (0.002) -0.014*** (0.003) -0.007** (0.003)

Female -0.001 (0.002) -0.000 (0.002) -0.000 (0.002)

Female * Second-born 0.003 (0.004) 0.003 (0.004) 0.003 (0.003)

Number of observations 176177

Mean of dependent variable 0.841

Intensive labor supplyb

Second-born -1.619** (0.668) -4.445*** (0.932) -2.317** (0.930)

Female -12.599*** (0.668) -12.569*** (0.667) -12.542*** (0.660)

Female * Second-born 0.727 (0.966) 0.666 (0.964) 0.759 (0.949)

Number of observations 176177

Mean of dependent variable 197.130

Higher manager

Second-born -0.025*** (0.003) -0.016*** (0.003) -0.017*** (0.003)

Female 0.019*** (0.003) 0.019*** (0.003) 0.018*** (0.003)

Female * Second-born -0.010*** (0.004) -0.010*** (0.004) -0.008** (0.004)

Number of observations 176177

Mean of dependent variable 0.174

Low-level employee

Second-born 0.020*** (0.003) 0.012*** (0.004) 0.015*** (0.004)

Female -0.006** (0.003) -0.007** (0.003) -0.006* (0.003)

Female * Second-born 0.004 (0.004) 0.004 (0.004) 0.002 (0.004)

Number of observations 176177

Mean of dependent variable 0.302

(1) (2) (3)
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1.5  Mechanisms 

In the preceding sections we have established the presence of large and significant 

birth order effects for the 2+ mixed sex families with significant variation across sexes. 

This section explores potential underlying mechanisms behind these results.   

 

1.5.1 Parental investments 

One of the innovations of this paper is the use of the rich register data to investigate 

potential mechanisms. A likely mechanism could be parents investing differently 

depending on the birth order—an effect that could vary with the sex composition of the 

first two births. As mentioned in Section 1.2, a growing literature has pointed to 

parental time investments when trying to understand the effect of birth order and the 

general differences observed between boys and girls.  

First we consider days of maternity leave and maternal employment the first year 

after the child is born. This might reflect the availability of the mother in the first period 

of the child’s life and whether this is different depending on the family having a 

firstborn boy/second-born girl or a firstborn girl/second-born boy.  

From Table 5, it is apparent that length of maternity leave and maternal employment 

is not a likely mechanism behind our findings on sex differences in birth order. We find 

practically no differences on the effect of birth order by sex.  

Another potential mechanism we investigate is the use of out of home day-care. 

Denmark has a long tradition for out-of-home day-care and the share of the population 

using out of home day-care is large (69% are placed in out of home daycare at age two). 

It has been found that out of home day-care have effects on children’s non-cognitive 

outcomes as well as their academic performance (see Datta Gupta & Simonsen, 2010). 

Here we explore whether the enrollment into out of home day-care at age two is affect-

ed by the sex composition. We again find precise zero effects and reject that this is a 

likely mechanism behind our results.  

By using survey data collected in connection with the two-teacher experiment 

decribed in the data section, we are able to consider parental time investment more 

directly as a posible mechanism to explain our sex differences in birth order effects. 

Using these data, we are able to explore whether the potential differences in the amount 
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of time parents spend doing homework with their children might explain the sex 

differences in the birth order effects.
20

  

In Table 5 we report results of whether the parents help the child with its homework 

every day.
21

 This result is estimated using a sample of all 2+ families. We choose to 

report results for this sample because the sample is already fairly small so restricting to 

mixed sex families yields less precise estimates (shown in table A7). Table 5 shows that 

second-born boys are more likely to report that their parents help them with homework 

every day. This suggests that families are attempting to ameliorate poorer performance 

at school with greater investments. In constast, when looking at the interaction term we 

see that second-born girls have a very different perception of this aid. These second-

born girls feel that their parents help them with homework every day to a much lower 

extent than the second-born boys (although similar to firstborn girls). This might be a 

sign of parents investing differently in second-born girls and second-born boys.
22

 We 

cannot reject this as being a potential channel leading to the sex difference we observe.   

Finally we consider the marital stability of the parents as a potential mechanism. The 

literature has considered the impact of sex composition of children on marital stability 

of parents. Some evidence (e.g. Dahl & Moretti, 2008) suggest that families with 

firstborn daughters are significantly more likely to be divorced compared to families 

with firstborn sons.
23

 Other studies, however, find no evidence on such a relationship. 

Looking at cross national data Diekmann & Schmidheiny (2004) find no suppert for the 

hypothesis that sons contribute more to marrital stability than daughters. Using Swedish 

data Andersson & Woldemicael (2001) in fact find that for two-child mothers the 

divorce risk is slightly reduced with mixed sex children. Hence the literature on this 

issue points in different directions. 

                                                 
20

 Here it is important to remember that the survey is filled in by the 6
th

 grade students. Hence it reflects 

how much time the students perceive their parents use doing homework with them.      
21

 Table A6 in the appendix also reports results for two related questions from the survey. 
22

 This could also be reflecting differences in attitudes or willingness to ask for help between second-born 

girls and second-born boys. We try to approach these potential differences in the next section, when con-

sidering non-cognitive skills. 
23

 Dahl & Moretti (2007) find that firstborn daughters are significantly less likely to be living with their 

father compared to firstborn sons. One explanation of this is the increased risk of divorce. Other explana-

tions are that the parents of firstborn girls are less likely to be married and that fathers are more likely to 

obtain custody of sons compared to daughters. 
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Table 5. Potential mechanisms 

 
Notes: Standard errors are clustered by family. *** significant at 1%, ** at 5%, * at 10%. Column (1) included no controls, (2) includes cohort fixed effects, maternal 

age and maternal age at firstborn, (3) adds completed family size, birth region, parental immigration status, parental education, employment and income. All parental 

controls are measure the year before birth. 

Coeff S.E Coeff S.E Coeff S.E Coeff S.E Coeff S.E

Second-born 2.382*** (0.500) -0.004 (0.003) 0.033*** (0.004) 0.033*** (0.013) 0.032*** (0.003)

Female -0.429 (0.416) -0.005** (0.002) 0.005 (0.004) 0.004 (0.010) 0.005** (0.002)

Female * Second-born 0.402 (0.621) 0.004 (0.003) -0.008 (0.005) -0.026* (0.014) -0.003 (0.004)

Number of observations 142403 206056 122182 6615 215901

Mean of dependent variable 156.785 0.779 0.688 0.092 0.222

Parents help with 

homework every day
Parents divorced within 

10 years of birth
Days of maternity leave

Maternal employment 

one year after birth

Out of home daycare at 

age 2
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To explore this potential mechanism in our setting we create a measure of parental 

divorce 10 years after birth.
24

 In Table 5 we see that second-born children are more 

likely to experience parental divorce 10 years after birth. This is expected since parents 

have been together for a longer period when the second-born child arrives. Turning to 

the interaction term we see a stricking zero effect. When considering these families who 

have at least two children and end up with a mixed sex child composition, we do not see 

differences in the divorce patterns of the parents. Hence differences in the divorce 

patterns do not appear to drive our main results. 

 

1.5.2. Non-cognitive skills 

Using the information gathered in the behavioral screening questionnaire SDQ we 

are able to investigate whether the birth order effects and sex variation we found can be 

explained by differences in the non-cognitive skills of the children. 

In Table 6 we report results for the child’s Socio-emotional behavior and Pro-social 

behavior. As with the homework questions these results are estimated using a sample of 

2+ families. As explained above this sample is already fairly small so restricting to 

mixed sex families yields less precise estimates (shown in Table A9).  

Panels A of Table 6 shows that second-born children have a higher probability of 

socio-emotional behavior problems. They are significantly less likely to be categorized 

as normal and significantly more likely to be categorized as abnormal. Relating this to 

Heckman’s (2000) findings of non-cognitive skills being important determinants of 

success these results could be part of the mechanism behind the negative effects we find 

of birth order on short and long run outcomes. Hence if these second-born children in 

general have poorer non-cognitive skills it could explain why they preform worse in 

school and on the labor market, and that these differences arise at a fairly early age. The 

results on Socio-emotional behavior do not suggest any significant sex differences in 

the effect of birth order.  

                                                 
24

 Table A8 in the appendix report the likelihood of parental divorce 0-10 years after child birth. 
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Table 6. Non-cognitive skills - All 2+ families 

 

Notes: Standard errors are clustered by family. *** significant at 1%, ** at 5%, * at 10%. Column (1) included no 

controls, (2) includes cohort fixed effects, maternal age and maternal age at firstborn, (3) adds completed family size, 

birth region, parental immigration status, parental education, employment and income. All parental controls are 

measure the year before birth. 

Coeff S.E Coeff S.E Coeff S.E

A: Socio-emotional behavior

Normal

Second-born -0.033*** (0.012) -0.042*** (0.015) -0.044*** (0.015)

Female -0.001 (0.012) 0.000 (0.012) -0.002 (0.012)

Female * Second-born 0.005 (0.018) 0.002 (0.017) 0.004 (0.017)

Number of observations 6603

Mean of dependent variable 0.851

Borderline

Second-born 0.019* (0.010) 0.025** (0.013) 0.024* (0.013)

Female -0.009 (0.010) -0.009 (0.010) -0.008 (0.010)

Female * Second-born 0.002 (0.015) 0.004 (0.015) 0.002 (0.015)

Number of observations 6603

Mean of dependent variable 0.097

Abnormal

Second-born 0.013* (0.007) 0.017* (0.009) 0.019** (0.009)

Female 0.010 (0.007) 0.009 (0.007) 0.009 (0.007)

Female * Second-born -0.007 (0.011) -0.005 (0.011) -0.006 (0.011)

Number of observations 6603

Mean of dependent variable 0.052

B: Pro-social behavior

Normal

Second-born -0.008 (0.013) -0.003 (0.015) -0.002 (0.015)

Female 0.087*** (0.011) 0.085*** (0.011) 0.083*** (0.011)

Female * Second-born 0.013 (0.015) 0.013 (0.015) 0.016 (0.015)

Number of observations 6603

Mean of dependent variable 0.886

Borderline

Second-born -0.005 (0.010) -0.006 (0.012) -0.005 (0.012)

Female -0.053*** (0.009) -0.053*** (0.009) -0.051*** (0.009)

Female * Second-born 0.001 (0.012) 0.001 (0.012) -0.000 (0.012)

Number of observations 6603

Mean of dependent variable 0.070

Abnormal

Second-born 0.013 (0.008) 0.009 (0.010) 0.007 (0.010)

Female -0.034*** (0.007) -0.033*** (0.007) -0.031*** (0.007)

Female * Second-born -0.014 (0.010) -0.014 (0.010) -0.015 (0.010)

Number of observations 6603

Mean of dependent variable 0.045

(1) (2) (3)
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Considering Panel B of Table 6 we see that in terms of pro-social behavior there is 

no significant effect of birth order. However, girls have a significantly higher 

probability of being categorized as normal and a significantly lower probability of being 

categorized as abnormal. Hence it seems that girls in general have better pro-social 

behavior. These results are very much in line with the observations made by Minnett et 

al. (1983) and could suggest that our results may partly be explained by the fact that our 

second-born boys by sample construction will have an older sister while our second-

born girls will have an older brother.  

In the next section we will look more into this when considering families whose first 

two children are of the same sex alongside our mixed sex families. 

 

1.5.3 Other potential mechanisms 

As we just discussed parental investments could be one channel leading to our re-

sults. Another channel could come from the family specific relationship between the 

siblings. Due to the nature of our 2+ mixed sex sample a second-born boy will always 

have an older sister while a second-born girl will always have an older brother. To ex-

plore whether our findings might be the result of having an older brother as oppose to 

having an older sister, we compare our mixed-sex families with families having first- 

and second-born boys and families having first- and second-born girls. Table 7 reports 

these results for a selected set of outcomes. We include the controls from our full model 

specification. 

We do see some variation across these different family types. This variation differs 

between outcomes. Holding the results relative to the means for reading, we see that 

birth order negatively impacts the exam score most for children from mixed sex families 

and least for children from a two girl family. The opposite seems true for the math 

scores. Here being second-born in a two girl family is associated with the lowest scores. 

For the long-run adult outcomes we see relatively similar results across family type.
25

 

For example, the estimate for log annual earnings ranges from -0.017 for second-borns 

with an opposite-sex sibling compared to -0.021 for “boy-boy” families and -0.019 for 

“girl-girl” families.     

                                                 
25

 Another explanation could be that the genetic endowment changes for later-born children. However, 

Kristensen & Bjerkedal (2007) compare children with deceased older siblings to children in other fami-

lies, where the “social rank”—the age-order of siblings—dominates the original birth order rank. 
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Table 7. Alternative family structure - Selected outcomes 

 
Notes: Standard errors are clustered by family. *** significant at 1%, ** at 5%, * at 10%. Results are 

reported for full set of controls. Reading and math results are estimated on cohorts 1986-1997. High 

school enrollment results are estimated on cohorts 1981-1992. Crime results are estimated on cohorts 

1981-1990. Years of education and log annual income are estimated on cohort 1968-1975. 
a
Log annual 

earnings for full time employed. 

      

Coeff S.E Coeff S.E Coeff S.E

Reading - Exit exam

Second-born -0.138*** (0.006) -0.156*** (0.008) -0.099*** (0.008)

Number of observations 215911 111545 103796

Mean of dependent variable 0.060 -0.136 0.259

Math - Exit exam

Second-born -0.120*** (0.005) -0.110*** (0.007) -0.114*** (0.007)

Number of observations 215911 111545 103796

Mean of dependent variable 0.098 0.162 0.051

High school enrollment

Second-born -0.067*** (0.003) -0.070*** (0.003) -0.048*** (0.004)

Number of observations 241619 128123 114083

Mean of dependent variable 0.595 0.510 0.689

Crime experience at age twentyone

Second-born 0.014*** (0.002) 0.024*** (0.003) -0.001 (0.002)

Number of observations 196904 104268 93103

Mean of dependent variable 0.103 0.164 0.043

Imprisonment by age twentyone

Second-born 0.009*** (0.001) 0.010*** (0.002) 0.003** (0.001)

Number of observations 196904 104268 93103

Mean of dependent variable 0.038 0.069 0.009

Years of education

Second-born -0.258*** (0.020) -0.183*** (0.027) -0.218*** (0.028)

Number of observations 176328 91443 84434

Mean of dependent variable 13.233 12.948 13.559

Log annual earnings
a

Second-born -0.017*** (0.003) -0.021*** (0.005) -0.019*** (0.004)

Number of observations 124546 69356 55908

Mean of dependent variable 12.663 12.777 12.535

Mixed gender family Boy-boy family Girl-girl family
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1.6 Heterogeneity across families 

In this section we investigate potential heterogeneity across families through three 

different sources: spacing, immigrant status and family stability. In Table 2a and Table 

2b in the data section we showed that spacing was not affected much by the sex of the 

firstborn child in our 2+ mixed sex families. We now want to consider whether the 

spacing might lead to heterogeneous effects of birth order and sex. We split our sample 

into siblings spaced 1-2 years, spaced 3 years and spaced 4 or more years apart.
26

 We 

report these results for a selected set of outcomes in Table 8. 

For the educational outcomes such as reading, math and high school enrollment, we 

see that the sex differences in the birth order effects seem particular strong in families 

where the children are closely spaced. We see that closely spaced second-born girls are 

punished more by their birth order than boys. This is however only significantly differ-

ent for math and high school enrollment.  

Also for crime outcomes the results are strongest for closely spaced siblings. These 

results could be due to less attention paid to second-born children when the firstborn 

child is very young at the time of the second-born’s arrival into the family. An alterna-

tive explanation is that the closely-spaced siblings exert larger peer effects on one an-

other. In terms of the long run outcomes we see that the negative effect of being second-

born is particularly strong for both girls and boys when they are closely spaced, but we 

only see a significant difference in the way boys and girls are affected by birth order in 

families where the siblings are spaced three years apart. Finally, we do not see strong 

results for log annual earnings at age 35.
27

  

                                                 
26

 We make this split to have a relative similar number of observations in the three groups.   
27

 Table A10 and A11 in the appendix report spacing results for two boy and two girl families respective-

ly. Here we see very similar patterns. 
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Table 8. Spacing between first- and second-born - All 2+ mixed sex families 

 
This table is continued on the next page 

Coeff S.E Coeff S.E Coeff S.E

A: Child outcomes

Reading - Exit exam

Second-born -0.131*** (0.023) -0.073*** (0.011) -0.135*** (0.014)

Female 0.396*** (0.009) 0.388*** (0.010) 0.369*** (0.010)

Female * Second-born -0.064*** (0.014) -0.044*** (0.015) -0.043*** (0.014)

Number of observations 75942 66032 73937

Mean of dependent variable 0.037 0.099 0.049

Math - Exit exam

Second-born -0.117*** (0.022) -0.148*** (0.010) -0.175*** (0.013)

Female -0.101*** (0.009) -0.103*** (0.009) -0.112*** (0.010)

Female * Second-born -0.037*** (0.014) -0.013 (0.015) 0.009 (0.014)

Number of observations 75942 66032 73937

Mean of dependent variable 0.115 0.149 0.034

High school enrollment

Second-born -0.055*** (0.011) -0.053*** (0.005) -0.084*** (0.006)

Female 0.167*** (0.004) 0.177*** (0.005) 0.172*** (0.004)

Female * Second-born -0.016** (0.007) 0.002 (0.007) -0.000 (0.006)

Number of observations 76708 66391 98519

Mean of dependent variable 0.570 0.617 0.601

B: Crime - Boys

Crime experience at age twentyone

Second-born 0.057*** (0.015) 0.016*** (0.004) 0.016** (0.007)

Number of observations 30121 26511 41989

Mean of dependent variable 0.181 0.150 0.158

Imprisonment by age twentyone

Second-born 0.032*** (0.011) 0.009*** (0.003) 0.010** (0.004)

Number of observations 30121 26511 41989

Mean of dependent variable 0.081 0.059 0.060

C: Crime - Girls

Crime experience at age twentyone

Second-born 0.026*** (0.009) 0.004* (0.002) 0.007* (0.004)

Number of observations 30219 26546 41517

Mean of dependent variable 0.048 0.039 0.041

Imprisonment by age twentyone

Second-born 0.009** (0.005) 0.001 (0.001) 0.000 (0.002)

Number of observations 30219 26546 41517

Mean of dependent variable 0.011 0.007 0.008

1-2 years appart 3 years appart 4+ years appart
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Table 8. Spacing between first- and second-born - All 2+ mixed sex families (Continued) 

 
Notes: Standard errors are clustered by family. *** significant at 1%, ** at 5%, * at 10%. Results are 

reported for full set of controls. Reading and math results are estimated on cohorts 1986-1997. High 

school enrollment results are estimated on cohorts 1981-1992. Crime results are estimated on cohorts 

1981-1990. Years of education and log annual income are estimated on cohort 1968-1975. 
a
Log annual 

earnings for full time employed. 

 

It is likely that the fertility choices and sex preferences of immigrants may be differ-

ent compared to those of native Danes. To investigate this possible heterogeneity we 

split the sample into native Danes and immigrants. In Table 9 these results are reported 

for a selected set of outcomes. When considering the native danes the coefficients are 

almost identical to those we found in the full sample. For this group we actually see that 

also for math and high school enrollment girls are harmed significantly more by their 

birth order compared to boys. In the full sample these differences were of similar mag-

nitude but not significant. In the immigrant sample we see that for reading birth order 

and sex effects are similar to those of natives. However for math and high school en-

rollment we see similar negative effects of being second-born but there is no significant 

difference in the way boys and girls are affected by birth order. In fact we see that for 

high school enrollment girls are punished less by birth order compared to boys. Consid-

ering crime we see that in immigrant families being second-born boy increases the 

probability of committing crime and having ever been in prison even more than we saw 

in the native sample. For girls the crime results look very similar to the native sample 

however the estimates are not significant.    

Coeff S.E Coeff S.E Coeff S.E

D: Adult outcomes

Years of education

Second-born -0.452*** (0.067) -0.138*** (0.032) -0.202*** (0.050)

Female 0.591*** (0.031) 0.655*** (0.032) 0.609*** (0.027)

Female * Second-born 0.004 (0.047) -0.113** (0.048) -0.042 (0.040)

Number of observations 55448 50204 70676

Mean of dependent variable 13.146 13.327 13.235

Log annual earnings
a

Second-born -0.017 (0.011) -0.004 (0.005) -0.005 (0.008)

Female -0.232*** (0.005) -0.244*** (0.005) -0.235*** (0.004)

Female * Second-born -0.009 (0.007) -0.011 (0.007) -0.010* (0.006)

Number of observations 38020 36099 50427

Mean of dependent variable 12.657 12.667 12.665

1-2 years appart 3 years appart 4+ years appart
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Table 9. Heterogeneity by immigrant status and family stability - All 2+ mixed sex families 

 

Notes: Standard errors are clustered by family. *** significant at 1%, ** at 5%, * at 10%. Results are 

reported for full set of controls. Reading and math results are estimated on cohorts 1986-1997. High 

school enrollment results are estimated on cohorts 1981-1992. Crime results are estimated on cohorts 

1981-1990. 

  

Coeff S.E Coeff S.E Coeff S.E Coeff S.E

A: Educational outcomes

Reading - Exit exam

Second-born -0.114*** (0.008) -0.082*** (0.020) -0.110*** (0.008) -0.100*** (0.015)

Female 0.391*** (0.006) 0.343*** (0.017) 0.393*** (0.006) 0.354*** (0.013)

Female * Second-born -0.052*** (0.009) -0.045* (0.025) -0.055*** (0.009) -0.037** (0.018)

Number of observations 188334 27577 168024 47877

Mean of dependent variable 0.089 -0.134 0.103 -0.089

Math - Exit exam

Second-born -0.114*** (0.007) -0.104*** (0.019) -0.105*** (0.008) -0.119*** (0.014)

Female -0.100*** (0.006) -0.144*** (0.016) -0.093*** (0.006) -0.151*** (0.012)

Female * Second-born -0.015* (0.009) 0.014 (0.025) -0.017* (0.009) 0.007 (0.018)

Number of observations 188334 27577 168024 47877

Mean of dependent variable 0.144 -0.219 0.165 -0.139

High school enrollment

Second-born -0.066*** (0.004) -0.061*** (0.008) -0.063*** (0.004) -0.066*** (0.007)

Female 0.187*** (0.003) 0.086*** (0.007) 0.174*** (0.003) 0.165*** (0.006)

Female * Second-born -0.010** (0.004) 0.019* (0.011) -0.002 (0.004) -0.011 (0.008)

Number of observations 206348 35271 189015 52480

Mean of dependent variable 0.613 0.493 0.624 0.493

B: Crime - Boys

Crime experience at age twentyone

Second-born 0.020*** (0.004) 0.036*** (0.010) 0.017*** (0.004) 0.031*** (0.009)

Number of observations 84460 14162 77409 21168

Mean of dependent variable 0.151 0.237 0.136 0.260

Imprisonment by age twentyone

Second-born 0.010*** (0.002) 0.038*** (0.008) 0.011*** (0.003) 0.019*** (0.006)

Number of observations 84460 14162 77409 21168

Mean of dependent variable 0.057 0.120 0.053 0.116

C: Crime - Girls

Crime experience at age twentyone

Second-born 0.008*** (0.002) 0.004 (0.006) 0.004** (0.002) 0.012** (0.005)

Number of observations 84245 14037 77284 20946

Mean of dependent variable 0.038 0.070 0.033 0.077

Imprisonment by age twentyone

Second-born 0.003*** (0.001) 0.004 (0.003) 0.002** (0.001) 0.005* (0.003)

Number of observations 84245 14037 77284 20946

Mean of dependent variable 0.008 0.015 0.006 0.020

Immigration status Family stability

Native Danes Immigrants Intact families Divorced families
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In Table 5 we showed that for families who have at least two children of mixed sex 

differences in the divorce patterns seemed not to be driving our main results.  We can 

investigate this more by splitting our sample into families who remain intact ten years 

after birth and families who divorce within ten years. The results are reported in Table 9 

for a selected set of outcomes. Overall the birth order and sex results seem very similar 

for both intact and divorced families. There is however one exception when considering 

math. Here the interaction term is positive but insignificant for the divorced families. 

Otherwise we see similar magnitudes and signs across all outcomes. 

1.7. Robustness - Extended family control 

In the birth order literature family fixed effects models are often used to deal with 

unobserved family-level heterogeneity (e.g. BDS, 2005; Haan et al., 2014; Lehmann et 

al. 2014). In these within family models the goal is to difference out family-specific 

characteristics that could be affecting all children in the family. Doing family fixed ef-

fects in our specification is however not possible. Given the mixed sex sample we 

would only get identification for families with firstborn boy and second-born girl. In all 

other cases the interaction term would be identical across siblings.
28

 However in our 

data we are able to identify extended family meaning we can do grandmother or cousin 

fixed effects.
29

  

Table 10 shows the extended family fixed effect results for selected outcomes. The 

table includes our baseline results and the extended family results, both are shown for 

the full set of controls. When moving to the extended family sample we see that the 

sample size is significantly reduced. However when comparing our baseline results to 

the extended family fixed effect results they are comparable both in terms of signs and 

magnitude. This is true for the educational outcomes and the crime outcomes.
30

 Though 

this may be a low-powered robustness test it is re-assuring that the results do not seem 

to be driven by family-specific characteristics.  

                                                 
28

 When considering models without the interaction term we find very similar birth order effects with and 

without family fixed effects included (results available upon request). 
29

 To be included in the extended family analysis the mother must have at least one sibling who also has 

at least two children of mixed sex. This strategy will likely not lead us to remove all unobserved family-

level heterogeneity. Amongst other things because unobserved effects running through the father may still 

be present. However it will generate an idea of to which extent one should be concerned. 
30

 Due to data restrictions we are not able to consider the adult outcomes. 
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Table 10. Extended family FE - Selected outcomes - All 2+ mixed sex families 

 

Notes: Standard errors are clustered by family in column (1) and by extended family in column (2). *** significant at 1%, ** at 5%, 

* at 10%. Results are reported for the full set of controls. Reading and math results are estimated on cohorts 1986-1997. High school 

enrollment results are estimated on cohorts 1981-1992. Crime results are estimated on cohorts 1981-1990. 

Coeff S.E Coeff S.E

A: Educational outcomes

Reading - Exit exam

Second-born -0.110*** (0.007) -0.102*** (0.027)

Female 0.385*** (0.006) 0.389*** (0.020)

Female * Second-born -0.052*** (0.008) -0.035 (0.033)

Number of observations 215911 27058

Mean of dependent variable 0.060 0.082

Math - Exit exam

Second-born -0.113*** (0.007) -0.088*** (0.024)

Female -0.106*** (0.005) -0.088*** (0.018)

Female * Second-born -0.013 (0.008) -0.037 (0.031)

Number of observations 215911 27058

Mean of dependent variable 0.098 0.150

High school enrollment

Second-born -0.066*** (0.003) -0.033*** (0.012)

Female 0.172*** (0.003) 0.209*** (0.009)

Female * Second-born -0.004 (0.004) -0.034** (0.016)

Number of observations 241619 33547

Mean of dependent variable 0.595 0.599

B: Boys

Crime experience at age twentyone

Second-born 0.022*** (0.004) 0.044** (0.022)

Number of observations 98622 13207

Mean of dependent variable 0.163 0.159

Imprisonment by age twentyone

Second-born 0.014*** (0.002) 0.023 (0.015)

Number of observations 98622 13207

Mean of dependent variable 0.066 0.066

C: Girls

Crime experience at age twentyone

Second-born 0.007*** (0.002) -0.002 (0.011)

Number of observations 98282 13220

Mean of dependent variable 0.043 0.041

Imprisonment by age twentyone

Second-born 0.003*** (0.001) 0.000 (0.005)

Number of observations 98282 13220

Mean of dependent variable 0.009 0.008

Baseline results Extended family FE
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1.8 Conclusions 

In this paper, we investigate the effects of birth order on a wide range of adolescent 

and adult outcomes. We focus on families with two or more children where the first two 

children are of mixed sex: families that are otherwise nearly identical on observable 

characteristics due to the genetic lottery, including completed family size. This allows 

us to clarify how the birth order effects may vary between boys and girls.  

Using register data from Denmark, we first confirm the findings in the previous liter-

ature documenting that being born later negatively impacts educational attainment and 

labor-market outcomes. We find that second-born children have substantially lower test 

scores as adolescents, and moderately lower employment and earnings as adults. In ad-

dition, we find remarkably higher imprisonment rates as young adults across these indi-

viduals that come from similar families but happen to have an older rather than a 

younger sibling. 

Further our results show that the impact of being born second is substantially strong-

er for females, especially in terms of reading scores. When considering potential mech-

anism we find that parental time use might be a channel through which these results 

could run. In particular we find that parents spend less time working with second-born 

girls on their homework compared to second-born boys, who are helped more than 

firstborn boys. We are further able to reject that difference in length of maternity leave, 

maternal employment, daycare usage when children are young and parental marital sta-

bility are driving the effects. 

The results of the present study provide strong evidence of a negative effect of birth 

order on a restricted sample that provides plausibly exogenous variation in the cross 

section. The effects work differently among girls and boys. Our results underline that 

the family environment plays an enormous role in child development. Further exten-

sions of this work will investigate other potential mechanism such as alternative 

measures of parental time investments. Further, looking at potential differences across 

countries might provide a deeper understanding of the mechanisms behind these results.   
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Table A1. Probability of divorce within 10 years - by firstborn sex 

 
Notes: Robust standard errors in parentheses. *** significant at 1%, ** at 5%, * at 10%. Column (1) in-

cluded no controls, (2) includes, parental immigration status, parental education, employment and in-

come. The sample consist of families who have their firstborn child betweeen 1980 and 1997. 

  

Coeff S.E Coeff S.E

A: All families

Firstborn is a boy -0.005 (0.004) -0.005 (0.004)

Number of observations 458131 458131

Mean of dependent variable 0.240 0.240

B: All 2+ families

Firstborn is a boy -0.002 (0.005) -0.000 (0.005)

Number of observations 357726 357726

Mean of dependent variable 0.208 0.208

C: 2+ mixed gender families

Firstborn is a boy -0.002 (0.007) -0.001 (0.007)

Number of observations 178268 178268

Mean of dependent variable 0.207 0.207

(1) (2)
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Table A2. The Strengths and Difficulties Questionnaire - List of questions 

 
The pupils are asked to state whether the description is “Not true”, “Somewhat True” or “Certainly True”. 

See www.sdqinfo.com for the score sheets.  

Emotional problem scale

Often complains of headaches, stomach-aches or sickness

Many worries

Often unhappy, depressed or tearful

Nervous or clingy in new situations, easily loses confidence.

Many fears, easily scared

Conduct problem scale

Often loses temper

Generally well behaved, usually do what adults request 

Often fights with other children

Often lie or cheat

Take things that are not mine

Hyperactivity scale 

Restless, overactive, cannot stay still for long

Constantly fidgeting or squirming

Easily distracted, concentration wanders

Thinks things out before acting

Good attention span, sees work through to the end

Peer prolems scale

Rather solitary, prefers to play alone

Has at leat one good friend 

Generally liked by other children

Often Picked on or bullied 

Get along better with adults than with other children

Prosocial scale

I am considerate of other people’s feelings

Share readily with other children, for example toys, treats, pencils

Helpful if someone is hurt, upset or feeling ill

Kind to younger children

Often offer help to others (parents, teachers, other children)
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Table A3a. Other crime outcomes - All 2+ mixed sex families 

 
Notes: Standard errors are clustered by family. *** significant at 1%, ** at 5%, * at 10%. Column (1) 

included no controls, (2) includes cohort fixed effects, maternal age and maternal age at firstborn, (3) 

adds completed family size, birth region, parental immigration status, parental education, employment 

and income. All parental controls are measure the year before birth. Crime results are estimated on co-

horts 1981-1990. 

  

Coeff S.E Coeff S.E Coeff S.E

A: Boys

Committed property crime at age twentyone

Second-born 0.014*** (0.002) 0.020*** (0.003) 0.014*** (0.003)

Number of observations 98622

Mean of dependent variable 0.102

Committed other crime at age twentyone

Second-born 0.000 (0.001) 0.003*** (0.001) 0.002** (0.001)

Number of observations 98622

Mean of dependent variable 0.007

Committed special crime at age twentyone

Second-born 0.008*** (0.002) 0.011*** (0.003) 0.009*** (0.003)

Number of observations 98622 98622 98622

Mean of dependent variable 0.071 0.071 0.071

B: Girls

Committed property crime at age twentyone

Second-born 0.003*** (0.001) 0.006*** (0.002) 0.004** (0.002)

Number of observations 98282

Mean of dependent variable 0.034

Committed other crime at age twentyone

Second-born 0.000 (0.000) 0.001 (0.000) 0.000 (0.000)

Number of observations 98282

Mean of dependent variable 0.001

Committed special crime at age twentyone

Second-born 0.002*** (0.000) 0.002** (0.001) 0.001* (0.001)

Number of observations 98282

Mean of dependent variable 0.006

(1) (2) (3)
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Table A3b. Teen birth - All 2+ mixed sex families 

 
Notes: Standard errors are clustered by family. *** significant at 1%, ** at 5%, * at 10%. Column (1) 

included no controls, (2) includes cohort fixed effects, maternal age and maternal age at firstborn, (3) 

adds completed family size, birth region, parental immigration status, parental education, employment 

and income. All parental controls are measure the year before birth. Results are estimated on cohorts 

1981-1990. 

  

Coeff S.E Coeff S.E Coeff S.E

A: Boys

Teen birth

Second-born 0.001 (0.001) 0.002* (0.001) 0.001 (0.001)

Number of observations 98622

Mean of dependent variable 0.009

B: Girls

Teen birth

Second-born 0.000 (0.001) 0.006*** (0.002) -0.000 (0.002)

Number of observations 98282

Mean of dependent variable 0.030

(1) (2) (3)
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Table A4. Occupation - at age 35 - All 2+ mixed sex families 

 
Notes: Standard errors are clustered by family. *** significant at 1%, ** at 5%, * at 10%. Column (1) included no 

controls, (2) includes cohort fixed effects, maternal age and maternal age at firstborn, (3) adds completed family size, 

birth region, parental immigration status, parental education, employment and income. All parental controls are 

measure at age 12. The results are estimated on cohorts 1968-1975.  

Coeff S.E Coeff S.E Coeff S.E

Topmanager

Second-born -0.002* (0.001) -0.001 (0.001) -0.001 (0.002)

Female -0.021*** (0.001) -0.021*** (0.001) -0.021*** (0.001)

Female * Second-born 0.001 (0.001) 0.001 (0.001) 0.001 (0.001)

Number of observations 176177

Mean of dependent variable 0.023

Higher manager

Second-born -0.025*** (0.003) -0.016*** (0.003) -0.017*** (0.003)

Female 0.019*** (0.003) 0.019*** (0.003) 0.018*** (0.003)

Female * Second-born -0.010*** (0.004) -0.010*** (0.004) -0.008** (0.004)

Number of observations 176177

Mean of dependent variable 0.174

Mid-level employee

Second-born -0.005** (0.002) -0.019*** (0.003) -0.013*** (0.003)

Female 0.077*** (0.003) 0.077*** (0.003) 0.077*** (0.003)

Female * Second-born 0.005 (0.004) 0.005 (0.004) 0.005 (0.004)

Number of observations 176177

Mean of dependent variable 0.196

Low-level employee

Second-born 0.020*** (0.003) 0.012*** (0.004) 0.015*** (0.004)

Female -0.006** (0.003) -0.007** (0.003) -0.006* (0.003)

Female * Second-born 0.004 (0.004) 0.004 (0.004) 0.002 (0.004)

Number of observations 176177

Mean of dependent variable 0.302

Selfmployed

Second-born 0.005*** (0.002) 0.006*** (0.002) 0.004* (0.002)

Female -0.040*** (0.001) -0.040*** (0.001) -0.040*** (0.001)

Female * Second-born -0.001 (0.002) -0.001 (0.002) -0.001 (0.002)

Number of observations 176177

Mean of dependent variable 0.049

Other

Second-born 0.006** (0.003) 0.014*** (0.004) 0.008* (0.004)

Female -0.034*** (0.003) -0.034*** (0.003) -0.034*** (0.003)

Female * Second-born 0.002 (0.004) 0.003 (0.004) 0.002 (0.004)

Number of observations 176177

Mean of dependent variable 0.227

(1) (2) (3)
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Table A5. Adult family outcomes - at age 35 - All 2+ mixed sex families 

 
Notes: Standard errors are clustered by family. *** significant at 1%, ** at 5%, * at 10%. Column (1) 

included no controls, (2) includes cohort fixed effects, maternal age and maternal age at firstborn, (3) 

adds completed family size, birth region, parental immigration status, parental education, employment 

and income. All parental controls are measure at age 12. The results are estimated on cohorts 1968-1975. 

  

Coeff S.E Coeff S.E Coeff S.E

Having ever been married at age 35

Second-born 0.002 (0.003) 0.014*** (0.004) 0.008** (0.004)

Female 0.120*** (0.003) 0.120*** (0.003) 0.120*** (0.003)

Female * Second-born -0.014*** (0.004) -0.013*** (0.004) -0.013*** (0.004)

Number of observations 189947

Mean of dependent variable 0.732

Having ever been divorced at age 35

Second-born -0.005** (0.002) 0.007** (0.003) 0.002 (0.003)

Female 0.059*** (0.003) 0.059*** (0.002) 0.059*** (0.002)

Female * Second-born 0.002 (0.004) 0.003 (0.004) 0.003 (0.004)

Number of observations 189947

Mean of dependent variable 0.180

Conditional on marriage

Having ever been divorced at age 35

Second-born -0.008** (0.003) 0.004 (0.005) -0.000 (0.005)

Female 0.040*** (0.003) 0.040*** (0.003) 0.039*** (0.003)

Female * Second-born 0.009* (0.005) 0.009* (0.005) 0.008* (0.005)

Number of observations 138981

Mean of dependent variable 0.246

(1) (2) (3)
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Table A6. Homework survey - All 2+ families 

 
Notes: Standard errors are clustered by family. *** significant at 1%, ** at 5%, * at 10%. Column (1) 

included no controls, (2) includes cohort fixed effects, maternal age and maternal age at firstborn, (3) 

adds completed family size, birth region, parental immigration status, parental education, employment 

and income. All parental controls are measure the year before birth. 

  

Coeff S.E Coeff S.E Coeff S.E

Parents help with homework every day

Second-born 0.029*** (0.010) 0.034*** (0.013) 0.033*** (0.013)

Female 0.004 (0.010) 0.005 (0.010) 0.004 (0.010)

Female * Second-born -0.027* (0.014) -0.025* (0.014) -0.026* (0.014)

Number of observations 6615

Mean of dependent variable 0.092

Parents ask about homework every day

Second-born 0.002 (0.016) 0.017 (0.020) 0.024 (0.020)

Female -0.027* (0.016) -0.029* (0.016) -0.030* (0.016)

Female * Second-born 0.013 (0.023) 0.015 (0.023) 0.014 (0.023)

Number of observations 6615 6615 6615

Mean of dependent variable 0.678 0.678 0.678

Parents ask about school every day

Second-born 0.037** (0.016) -0.006 (0.021) 0.003 (0.021)

Female 0.010 (0.016) 0.013 (0.016) 0.012 (0.016)

Female * Second-born -0.010 (0.023) -0.010 (0.023) -0.012 (0.023)

Number of observations 6615

Mean of dependent variable 0.347

(1) (2) (3)
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Table A7. Homework survey - All 2+ mixed sex families 

 
Notes: Standard errors are clustered by family. *** significant at 1%, ** at 5%, * at 10%. Column (1) 

included no controls, (2) includes cohort fixed effects, maternal age and maternal age at firstborn, (3) 

adds completed family size, birth region, parental immigration status, parental education, employment 

and income. All parental controls are measure the year before birth. 

  

Coeff S.E Coeff S.E Coeff S.E

Parents help with homework every day

Second-born 0.024* (0.014) 0.016 (0.018) 0.015 (0.018)

Female 0.004 (0.014) 0.004 (0.014) 0.003 (0.014)

Female * Second-born -0.016 (0.020) -0.013 (0.020) -0.013 (0.020)

Number of observations 3260

Mean of dependent variable 0.092

Parents ask about homework every day

Second-born 0.007 (0.023) 0.022 (0.029) 0.027 (0.029)

Female -0.033 (0.023) -0.034 (0.023) -0.037 (0.023)

Female * Second-born 0.021 (0.033) 0.025 (0.033) 0.023 (0.033)

Number of observations 3260

Mean of dependent variable 0.681

Parents ask about school every day

Second-born 0.034 (0.023) -0.010 (0.030) 0.004 (0.030)

Female 0.003 (0.023) 0.005 (0.023) 0.007 (0.023)

Female * Second-born -0.006 (0.033) -0.002 (0.033) -0.011 (0.033)

Number of observations 3260

Mean of dependent variable 0.341

(1) (2) (3)
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Table A8. Parental divorce 0 to 10 years after birth - All 2+ mixed sex families 

 
This table is continued on the next page. 

  

Coeff S.E Coeff S.E Coeff S.E

Divorced year 0

Second-born 0.011*** (0.001) 0.013*** (0.001) 0.013*** (0.001)

Female -0.000 (0.000) -0.000 (0.000) -0.000 (0.000)

Female * Second-born 0.001* (0.001) 0.001* (0.001) 0.001 (0.001)

Number of observations 215901

Mean of dependent variable 0.008

Divorced year 1

Second-born 0.024*** (0.001) 0.029*** (0.001) 0.027*** (0.001)

Female 0.000 (0.001) -0.000 (0.001) -0.000 (0.001)

Female * Second-born 0.001 (0.001) 0.001 (0.001) 0.001 (0.001)

Number of observations 215901

Mean of dependent variable 0.028

Divorced year 2

Second-born 0.037*** (0.001) 0.046*** (0.002) 0.043*** (0.002)

Female 0.001 (0.001) 0.000 (0.001) -0.000 (0.001)

Female * Second-born 0.000 (0.002) 0.000 (0.002) 0.000 (0.002)

Number of observations 215901

Mean of dependent variable 0.051

Divorced year 3

Second-born 0.045*** (0.002) 0.056*** (0.002) 0.052*** (0.002)

Female 0.004*** (0.001) 0.003** (0.001) 0.002* (0.001)

Female * Second-born 0.001 (0.003) 0.001 (0.002) 0.001 (0.002)

Number of observations 215901

Mean of dependent variable 0.074

Divorced year 4

Second-born 0.047*** (0.002) 0.059*** (0.002) 0.054*** (0.002)

Female 0.005*** (0.002) 0.005*** (0.002) 0.004** (0.002)

Female * Second-born 0.001 (0.003) 0.001 (0.003) 0.001 (0.003)

Number of observations 215901

Mean of dependent variable 0.098

Divorced year 5

Second-born 0.046*** (0.002) 0.056*** (0.002) 0.052*** (0.002)

Female 0.005*** (0.002) 0.004** (0.002) 0.003* (0.002)

Female * Second-born 0.001 (0.003) 0.001 (0.003) 0.000 (0.003)

Number of observations 215901

Mean of dependent variable 0.122

(1) (2) (3)
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Table A8. Parental divorce 0 to 10 years after birth - All 2+ mixed sex families (Continued) 

 
Notes: Standard errors are clustered by family. *** significant at 1%, ** at 5%, * at 10%. Column (1) 

included no controls, (2) includes cohort fixed effects, maternal age and maternal age at firstborn, (3) 

adds completed family size, birth region, parental immigration status, parental education, employment 

and income. All parental controls are measure the year before birth. 

  

Coeff S.E Coeff S.E Coeff S.E

Divorced year 6

Second-born 0.044*** (0.002) 0.053*** (0.003) 0.048*** (0.003)

Female 0.005** (0.002) 0.004* (0.002) 0.003 (0.002)

Female * Second-born 0.001 (0.004) 0.001 (0.004) 0.000 (0.004)

Number of observations 215901

Mean of dependent variable 0.143

Divorced year 7

Second-born 0.039*** (0.002) 0.047*** (0.003) 0.043*** (0.003)

Female 0.005** (0.002) 0.004** (0.002) 0.003 (0.002)

Female * Second-born 0.001 (0.004) 0.001 (0.004) 0.001 (0.004)

Number of observations 215901

Mean of dependent variable 0.165

Divorced year 8

Second-born 0.037*** (0.002) 0.045*** (0.003) 0.040*** (0.003)

Female 0.006*** (0.002) 0.005** (0.002) 0.004* (0.002)

Female * Second-born -0.001 (0.004) -0.001 (0.004) -0.001 (0.004)

Number of observations 215901

Mean of dependent variable 0.185

Divorced year 9

Second-born 0.034*** (0.002) 0.040*** (0.003) 0.036*** (0.003)

Female 0.008*** (0.002) 0.007*** (0.002) 0.005** (0.002)

Female * Second-born -0.002 (0.004) -0.002 (0.004) -0.003 (0.004)

Number of observations 215901

Mean of dependent variable 0.203

Divorced year 10

Second-born 0.032*** (0.003) 0.037*** (0.003) 0.032*** (0.003)

Female 0.008*** (0.002) 0.006*** (0.002) 0.005** (0.002)

Female * Second-born -0.002 (0.004) -0.002 (0.004) -0.003 (0.004)

Number of observations 215901

Mean of dependent variable 0.222

(1) (2) (3)
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Table A9. Non-cognitive skills - All 2+ mixed sex families

Notes: Standard errors are clustered by family. *** significant at 1%, ** at 5%, * at 10%. Column (1) included no 

controls, (2) includes cohort fixed effects, maternal age and maternal age at firstborn, (3) adds completed family size, 

birth region, parental immigration status, parental education, employment and income. All parental controls are 

measure the year before birth.   

Coeff S.E Coeff S.E Coeff S.E

Socio-emotional behavior

Normal

Second-born -0.033* (0.017) -0.050** (0.021) -0.052** (0.021)

Female -0.012 (0.017) -0.010 (0.017) -0.010 (0.017)

Female * Second-born -0.013 (0.025) -0.020 (0.025) -0.021 (0.025)

Number of observations 3254

Mean of dependent variable 0.850

Borderline

Second-born 0.023 (0.014) 0.032* (0.018) 0.033* (0.017)

Female -0.012 (0.013) -0.010 (0.014) -0.008 (0.014)

Female * Second-born 0.019 (0.021) 0.023 (0.021) 0.022 (0.021)

Number of observations 3254

Mean of dependent variable 0.095

Abnormal

Second-born 0.010 (0.010) 0.018 (0.013) 0.018 (0.014)

Female 0.023** (0.011) 0.020* (0.011) 0.018* (0.011)

Female * Second-born -0.006 (0.016) -0.003 (0.016) -0.001 (0.016)

Number of observations 3254

Mean of dependent variable 0.055

Pro-social behavior

Normal

Second-born 0.018 (0.018) 0.033 (0.021) 0.033 (0.021)

Female 0.094*** (0.016) 0.093*** (0.016) 0.090*** (0.016)

Female * Second-born -0.022 (0.022) -0.024 (0.022) -0.022 (0.022)

Number of observations 3254

Mean of dependent variable 0.887

Borderline

Second-born -0.017 (0.015) -0.024 (0.017) -0.023 (0.017)

Female -0.061*** (0.013) -0.063*** (0.013) -0.061*** (0.013)

Female * Second-born 0.019 (0.018) 0.021 (0.018) 0.018 (0.018)

Number of observations 3254

Mean of dependent variable 0.073

Abnormal

Second-born -0.001 (0.011) -0.009 (0.014) -0.010 (0.014)

Female -0.033*** (0.010) -0.030*** (0.010) -0.029*** (0.010)

Female * Second-born 0.003 (0.014) 0.003 (0.014) 0.003 (0.014)

Number of observations 3254

Mean of dependent variable 0.040

(1) (2) (3)
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Table A10. Spacing between first- and second-born - All 2+ Boy Boy families 

 
Notes: Standard errors are clustered by family. *** significant at 1%, ** at 5%, * at 10%. Results are 

reported for full set of controls. Reading and math results are estimated on cohorts 1986-1997. High 

school enrollment results are estimated on cohorts 1981-1992. Crime results are estimated on cohorts 

1981-1990. Years of education and log annual income are estimated on cohort 1968-1975. 
a
Log annual 

earnings for full time employed. 

  

Coeff S.E Coeff S.E Coeff S.E

Reading - Exit exam

Second-born -0.198*** (0.031) -0.130*** (0.010) -0.175*** (0.017)

Number of observations 39370 34057 38117

Mean of dependent variable -0.161 -0.100 -0.143

Math - Exit exam

Second-born -0.131*** (0.029) -0.136*** (0.008) -0.152*** (0.016)

Number of observations 39370 34057 38117

Mean of dependent variable 0.176 0.226 0.089

High school enrollment

Second-born -0.080*** (0.014) -0.056*** (0.004) -0.090*** (0.007)

Number of observations 40953 35113 52057

Mean of dependent variable 0.497 0.533 0.506

Crime experience at age twentyone

Second-born 0.049*** (0.014) 0.013*** (0.004) 0.017*** (0.006)

Number of observations 32171 28049 44048

Mean of dependent variable 0.184 0.149 0.160

Imprisonment by age twentyone

Second-born 0.037*** (0.011) -0.000 (0.003) 0.008* (0.004)

Number of observations 32171 28049 44048

Mean of dependent variable 0.082 0.059 0.065

Years of education

Second-born -0.503*** (0.087) -0.095*** (0.029) -0.168*** (0.065)

Number of observations 28932 26201 36310

Mean of dependent variable 12.873 13.032 12.946

Log annual earnings
a

Second-born -0.018 (0.016) -0.019*** (0.005) -0.009 (0.011)

Number of observations 21386 20234 27736

Mean of dependent variable 12.769 12.786 12.776

1-2 years appart 3 years appart 4+ years appart
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Table A11. Spacing between first- and second-born - All 2+ Girl Girl families 

 
Notes: Standard errors are clustered by family. *** significant at 1%, ** at 5%, * at 10%. Results are 

reported for full set of controls. Reading and math results are estimated on cohorts 1986-1997. High 

school enrollment results are estimated on cohorts 1981-1992. Crime results are estimated on cohorts 

1981-1990. Years of education and log annual income are estimated on cohort 1968-1975. 
a
Log annual 

earnings for full time employed. 

Coeff S.E Coeff S.E Coeff S.E

Reading - Exit exam

Second-born -0.170*** (0.031) -0.080*** (0.010) -0.114*** (0.017)

Number of observations 36722 31393 35680

Mean of dependent variable 0.243 0.297 0.243

Math - Exit exam

Second-born -0.178*** (0.029) -0.145*** (0.008) -0.154*** (0.016)

Number of observations 36722 31393 35680

Mean of dependent variable 0.067 0.103 -0.010

High school enrollment

Second-born -0.018 (0.014) -0.037*** (0.004) -0.066*** (0.007)

Number of observations 35979 31239 46864

Mean of dependent variable 0.662 0.718 0.691

Crime experience at age twentyone

Second-born -0.001 (0.008) 0.002 (0.002) -0.007** (0.004)

Number of observations 28301 25117 39685

Mean of dependent variable 0.049 0.037 0.042

Imprisonment by age twentyone

Second-born 0.008* (0.005) 0.002 (0.001) -0.002 (0.002)

Number of observations 28301 25117 39685

Mean of dependent variable 0.012 0.007 0.009

Years of education

Second-born -0.357*** (0.091) -0.179*** (0.030) -0.223*** (0.068)

Number of observations 27014 23902 33518

Mean of dependent variable 13.500 13.635 13.551

Log annual earnings
a

Second-born -0.013 (0.016) -0.017*** (0.005) -0.013 (0.010)

Number of observations 17391 16060 22457

Mean of dependent variable 12.530 12.539 12.536

1-2 years appart 3 years appart 4+ years appart
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Chapter 2 

Spillover Effects of Early-Life Medical Interventions 
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ABSTRACT 

 

We investigate the spillover effects of early-life medical treatments on the siblings of 

treated children. We use a regression discontinuity design that exploits changes in med-

ical treatments across the very low birth weight (VLBW) cutoff. Using administrative 

data from Denmark, we first confirm the findings in the previous literature that children 

who receive extra medical care have better short- and long-term health and higher math 

test scores in 9
th

 grade. We next investigate spillover effects on older siblings and find 

no evidence of an impact on their health outcomes. However, we find substantial posi-

tive spillovers on all our measures of academic achievement. Our estimates suggest that 

older siblings of focal children who were slightly below the VLBW cutoff have higher 

9
th

 grade language and math test scores, as well as higher probability of enrolling in a 

high school by age 19. 
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2.1. Introduction 

During the past few decades, medical spending for the very young increased substantial-

ly faster than spending for the average individual. For example, per capita spending on 

infants under 1 year old increased by 9.8 percent per year between 1960 and 1990, 

whereas annual spending on individuals aged 1 to 64 increased by only 4.7 percent 

(Cutler and Meara, 1998). This pattern also correlates with health outcomes: in 1975, 

only 50 % of Danish very low birth weight (VLBW; birth weight < 1,500 gram) chil-

dren survived; in 2005, in contrast, more than 80 % survived; see Mathiasen et al 

(2008). A growing body of research in economics examines the causal impact of early-

life medical treatments on short- and long-term outcomes of treated children (e.g., Chay 

et al., 2009; Field et al., 2009; Almond et al., 2010; Bharadwaj et al., 2013; Daysal et 

al., forthcoming). However, there is very little evidence on the impact of these treat-

ments on other family members.
31

 This is an important question because quantifying 

these spillover effects is necessary for the calculation of the net societal benefits of these 

treatments. 

In this paper, we investigate the spillover effects of early-life medical treatments on the 

siblings of treated children. An existing literature uncovers negative associations be-

tween childhood disability and sibling outcomes; see for example Fletcher and Wolfe 

(2008), Fletcher et al (2012), and Breining (2014). We move beyond this work and ask 

whether interventions that target children with a health disadvantage have impacts be-

yond those on the focal child. There are several channels through which these spillover 

effects from treatment may work. Most importantly, early treatment improves the life 

chances of the focal child ((e.g., Almond et al., 2010; Daysal et al., forthcoming), which 

may directly impact sibling well-being. But medical treatments may also lead to chang-

es in resource allocation across siblings. A large literature in economics documents that 

parental investments are a function of children’s early life endowments (see Almond 

                                                 
31

 We are aware of only two studies with causal interpretations. Parman (2013) finds that older siblings of 

children in utero during the 1918 influenza pandemic had significantly higher educational attainment and 

high school graduation rates. Adhvaryu and Nyshadham (2014) exploit an iodine supplementation pro-

gram in Tanzania and find that siblings of children who were exposed to treatment in utero were more 

likely to be immunized. There exists some evidence on sibling spillovers from policies or interventions 

more broadly; see for example Dahl et al (2014) who show that take-up of family friendly policies affects 

siblings’ subsequent use of these policies. 
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and Currie, 2011, and Almond and Mazumder, 2013, for a review of this literature). 

And medical interventions early in life not only improve life chances, it also improves 

the short-term health of treated children (e.g., Almond et al., 2010; Daysal et al., forth-

coming). If parents have a target total investment level across siblings and they choose 

to reinforce (compensate for) the effects of these medical treatments, then parental in-

vestments in the siblings of treated children will decrease (increase). Medical treatments 

may also lead to peer effects among siblings through improvements in the academic 

achievement of treated children; see e.g., Chay et al., 2009, Field et al., 2009, and Bha-

radwaj et al., 2013 for studies of achievement effects on the focal children. Finally, ad-

ditional medical resources available to treated children (e.g., increased routine checks) 

may also benefit the health of siblings by directly exposing them to these treatments or 

by improving parental understanding of different health inputs. Ultimately, the direction 

of the impact of early-life medical treatments on the siblings of treated children is theo-

retically ambiguous. 

Empirical identification of these effects is complicated by the fact that treatments are 

not randomly assigned. For example, shared genetic factors may impact both sibling 

outcomes and the receipt of medical treatments by targeted children. In order to address 

this endogeneity, we follow the previous literature and use a regression discontinuity 

design that exploits changes in medical treatments across the very low birth weight  

threshold (Almond et al., 2010; Bharadwaj et al., 2013). We focus on focal children 

with gestational ages above 32 weeks because children with gestational age below 32 

weeks are covered by the medical guidelines for receiving additional medical treatments 

regardless of their birth weight. 

Using register data from Denmark, we first investigate the effects of early-life medical 

treatments on focal children. Consistent with the previous literature, we find that chil-

dren who weigh slightly less than 1,500 grams are more likely to survive within the first 

year of life, to enjoy better health in the long-run and to have better math test scores in 

9
th

 grade. We next turn to spillovers on siblings. Since future fertility decisions may be 

impacted by the receipt of medical treatments around the VLBW cutoff (e.g., through 

changes in mortality of focal children), we focus only on older siblings. Our results in-

dicate no differences in the health outcomes of siblings of children who were slightly 

below or slightly above 1,500 grams. However, we find substantial positive spillovers 
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on all our measures of academic achievement. Our estimates suggest that older siblings 

of focal children who were slightly below the VLBW cutoff have higher 9
th

 grade lan-

guage and math test scores, as well as higher probability of enrolling in a high school by 

age 19.
32

 These results are robust to a host of specification checks. In addition, we find 

no evidence of discontinuities across the VLBW cutoff for outcomes of either focal 

children or their older siblings when we restrict the sample to focal children with gesta-

tional age of less than 32 weeks.  

Overall, our results suggest that medical treatments for VLBW children may have spill-

over effects on older siblings that raise their net benefits. The pattern of the estimated 

effects is inconsistent with spillovers working through improved health of siblings but is 

consistent with both parental compensating behavior and with positive peer effects 

among siblings. 

2.2. Institutional Background 

The majority of Danish health care services, including birth related procedures, are free 

of charge and all citizens have equal access (Health Care in Denmark, 2008). Similar to 

many other countries, Denmark follows the World Health Organization definition of 

prematurity where a child is defined as premature if (s)he is born before 37 weeks of 

pregnancy or with a birth weight below 2,500 grams. Within this group a distinction is 

made between children with very low birth weight, defined as less than 1,500 grams (or 

below 32 weeks of gestational age) and children with extremely low birth weight, de-

fined as less than 1,000 grams (or below 28 weeks of gestational age).  

The first European neonatal intensive care unit was established in 1965 at Rigshospita-

let in Denmark and the use of early-life medical technologies has since followed the 

international development; see Mathiasen et al (2008). Danish neonatal medicine text-

books pay particular attention to children with a birth weight below 1,500 grams and 

emphasize these as being especially at risk of different complications. The VLBW clas-

sification is frequently found in medical research papers based on Danish data where the 

focus is often on their higher mortality rates (e.g., Thomsen et al., 1991; Hertz et al., 

                                                 
32

 During our study period, Denmark had nine years of compulsory education. Loosely speaking, high 

school included grades 10-12.  
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1994). Specific recommendations in terms of nutrition and vitamin supplements exist 

for this group (Peitersen and Arrøe 1991). In addition, papers indicate that children be-

low 1,500 grams are more likely to receive additional treatments such as Cranial ultra-

sound (Greisen et al., 1986); antibiotics (Topp et al., 2001), prophylactic treatment with 

nasal continuous positive airway pressure (nCPAP), prophylactic surfactant treatment 

and high priority of breast feeding, and use of the kangaroo method (Jacobsen et al., 

1993; Verder et al., 1994; Verder, 2007; Mathiasen et al (2008)). 

Anecdotal evidence from hospital and regional specific notes outline special services 

that are provided to families with premature children below 1,500 grams (or below 32 

weeks of gestational age). These services include referrals to a physiotherapist who 

guides and instructs the parents on how to stimulate the development of the child and on 

various baby exercises. It is also mentioned that all premature children below 1,500 

grams (or below 32 weeks of gestational age) are routinely checked 1-2 months after 

discharge and again when they are five months, one year and two years old. 

2.3. Empirical Strategy 

The goal of this paper is to estimate the effect of early-life health interventions on the 

siblings of targeted children. Identification of these effects is complicated by the non-

random assignment of medical treatments. In particular, there may be unobserved de-

terminants of sibling outcomes that are correlated with the receipt of medical treatments 

by targeted children, such as shared genetic factors. In order to address this endogeneity, 

we follow Almond et al. (2010) and Bharadwaj et al. (2013) and use a regression dis-

continuity design that exploits changes in medical treatments across the VLBW thresh-

old. We start by replicating the findings in the previous literature investigating the im-

pact of medical technologies on treated children using the following equation: 

 𝑦𝑗𝑡 = 𝑓(𝑏𝑤𝑗 − 1500) + 𝛼𝑉𝐿𝐵𝑊𝑗 + 𝜸𝑿𝒋𝒕 + 𝑢𝑗𝑡  (1) 

where 𝑦𝑗𝑡 is an outcome of child 𝑗 at time 𝑡, 𝑏𝑤𝑗 is the birth weight of child 𝑗, 𝑓(. ) is a 

first-degree polynomial in our running variable (distance to the VLBW cutoff) that is 

allowed to differ on both sides of the cutoff, 𝑉𝐿𝐵𝑊𝑗 is an indicator for child 𝑗 being 
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very low birth weight (i.e., 𝑏𝑤𝑗  <  1500), and 𝑋𝑗𝑡 is a vector of child and family char-

acteristics. 

We then move on to estimating the effects of these medical interventions on siblings 

through the following equation: 

 𝑦𝑖𝑗𝑡 = 𝑓(𝑏𝑤𝑗 − 1500) + 𝛽𝑉𝐿𝐵𝑊𝑗 + 𝜹𝑿𝒊𝒋𝒕 + 𝜖𝑖𝑗𝑡 (2) 

where subscript 𝑖 indicates sibling 𝑖 of treated child 𝑗. The parameter of interest, 𝛽, rep-

resents the reduced-form estimate of the (life-course) effects that additional medical 

treatments received by the VLBW newborns may have on their siblings.  

Our baseline regressions use a triangular kernel and a bandwidth of 100 grams on each 

side of the VLBW cutoff. We cluster the standard errors at the gram level (Lee and 

Card, 2008) and, following Barreca et al. (2011), we control for heaping at 1,500 grams 

both in our regressions and in the graphical analysis. Finally, we conduct separate anal-

yses for births with gestational ages above and below 32 weeks because the latter are 

always covered by the medical guidelines for receiving additional medical interventions 

irrespective of their VLBW classification (see Section 2.2). 

2.4. Data 

Our key data set is the Birth Register, which includes information about the universe of 

births in Denmark starting from 1970. For each child, the data includes information on 

the exact date of birth, gender, and plurality. Birth weight is recorded in 250-gram in-

tervals between 1973-1978, in 10-gram intervals in the period 1979-1990, and at the 

gram level since 1991. Gestational age is added beginning in 1982. Using parental iden-

tifiers, we are able to link children to their parents and siblings and determine parity. 

We can also link this data to other register data that provide information on demograph-

ic characteristics, such as maternal age, education, and marital status at birth.
33

 In addi-

tion, we can add information on health outcomes, such as emergency room visits (avail-

able 1995-2011), inpatient hospital admissions and mortality. Finally, we have access to 

data on academic achievement, including 9
th

 grade test scores (available from 2002) and 

an indicator for high school enrollment by age 19.  

                                                 
33

 In cases where the father is identified, we have information on the same demographic characteristics for 

the fathers. 
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2.4.1 Focal Child Sample 

As described in Section 3, we first replicate the previous literature investigating the im-

pact of medical technologies on treated children. We restrict our sample of focal chil-

dren to cohorts born after 1982, when both birth weight and gestational age are recorded 

in the data because our empirical strategy exploits differences in medical guidelines for 

receipt of medical treatments by these variables. We include cohorts born until and in-

cluding 1993 to secure that we have access to high school enrolment information for all 

cohorts. This yields a sample of 773,139 observations. We then exclude 73,437 obser-

vations for which either birth weight or gestational age are missing or incomplete. Fi-

nally, we restrict the sample to the 2,356 children with a birth weight of 1,400-1,600 

grams. Within this window, 1,352 observations have a gestational age of at least 32 

weeks and 1,004 observations have a gestational age of less than 32 weeks.  

We focus on two outcome domains: health (both short- and long-term) and human capi-

tal accumulation. Short-term health outcomes include 28-day and one-year mortality. 

For long-term health outcomes, we consider indicators for inpatient hospital admissions 

and for visits to the emergency room in five-year intervals after birth. We capture hu-

man capital accumulation by course specific test scores from 9
th

 grade qualifying exams 

in both reading and math.
34

 The qualifying exams are graded by the teacher and by an 

external examiner, with the evaluation of the external examiner overruling that of the 

teacher. To be able to compare grades across cohorts, we standardize grades to have 

zero mean and unit standard deviation within each cohort. In addition to test scores, we 

also include an indicator for high school enrollment by age 19 as a measure of human 

capital accumulation. Because of data availability, the estimating sample varies across 

different outcomes. Panel A of Appendix Table 1 illustrates these differences.  

In order to increase precision, our baseline regressions control for focal child character-

istics (gender, gestational age, parity, plurality, birth year, birth region) and maternal 

characteristics at birth (age, years of education, and marital status).
35

 

                                                 
34

 Children can be exempt from taking the test if, for example, they have a documented disability. In our 

1,400-1,600 gram sample, test scores are missing for approximately 30% of the eligible cohorts. This 

could be a concern if medical treatments impact test-taking ability. In Section 5.3, we show that the prob-

ability of taking the test is relatively smooth across the VLBW cutoff.  
35

 Maternal education is missing for a small number of observations (81 observations). We replace these 

with the median years of education by birth cohort and include an indicator for imputed maternal educa-

tion. 
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2.4.2 Older Sibling Sample 

We define siblings as children born to the same mother. We restrict our sample of sib-

lings to older siblings of the focal children described above. We only consider older 

siblings because future fertility decisions may be impacted by the receipt of medical 

treatments around the VLBW cutoff (e.g., through changes in mortality of focal chil-

dren). This results in an older sibling sample of 1,583 children born between 1970 and 

1992. Our sibling regressions, in addition to the focal child characteristics and maternal 

characteristics, control for sibling characteristics, including gender, parity, plurality, 

birth weight, and birth year.
36

 Since birth weight is not available before 1973, our larg-

est sibling sample includes the 1,499 older siblings born between 1973 and 1992. Of 

these, 780 are siblings of focal children with gestational age of at least 32 weeks and 

719 are siblings of focal children with gestational age less than 32 weeks.
37

 

As in the case of focal children, our outcome measures capture health and human capital 

accumulation. For health outcomes, we focus on hospital admissions and ER visits in 

five-year intervals after the birth of the focal child. For human capital accumulation, we 

examine 9
th

 grade test scores and enrollment in high school by age 19.
38

 Panel B of Ap-

pendix Table 1 presents the different samples corresponding to each outcome variable.  

2.5. Results 

2.5.1 Tests of the Validity of the Regression Discontinuity Design 

The validity of an RD design rests on the assumption that individuals do not have pre-

cise control over the assignment variable. Since women cannot precisely predict the 

birth weight of their children, the variation in birth weight near the VLBW cutoff can be 

reasonably thought to be as good as random (Almond et al., 2010; Bharadwaj et al., 

2013). However, the key identification assumption of the RD design could be violated if 

physicians systematically misreport the birth weight, especially in the presence of fi-

                                                 
36

 We exclude the birth order of the focal child because of collinearity with the birth order of the older 

sibling.  
37

 It is possible that a focal child has more than one older sibling. Our baseline regressions treat each 

sibling-focal child pair as an independent observation. This should not be a concern for our identification 

because parity of the focal child is smooth across the cutoff.  
38

 In our 1,400-1,600 gram sample, the maximum age difference between older siblings and focal children 

is 7.5, indicating that none of the older siblings take the test before the focal children are born.  
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nancial incentives for manipulation (Jürges and Köberlein, 2013; Shigeoka and Fushi-

mi, 2014). 

 

 
(a) Focal child sample 

 

 
(b) Older sibling sample 

 

Figure 1: Frequency of births around 1,500 grams, focal children with gestational age ≥ 

32 weeks. 

 

In order to test this, we examine the frequency of births by birth weight within a 200-

gram window around the cutoff. Figure 1(a) plots the distribution of births in the focal 

child sample for those with gestational age above 32 weeks. Figure 1(b) presents the 

corresponding distributions for focal children with an older sibling.
39

 We use 10-gram 

                                                 
39

 Since we treat each sibling-focal child pair as independent observations, Figure 1(b) plots the counts of 

these observations rather than unique focal child births. The corresponding figure and regression-based 
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bins because birth weight is reported in 10-gram intervals for most of our sample peri-

od. Similar to previous studies (Almond et al., 2010; Bharadwaj et al., 2013), we ob-

serve reporting heaps at multiples of 50 and 100 grams but there is no evidence of ir-

regular heaping around the VLBW cutoff in either sample. We check this more formally 

by estimating a local-linear regression similar to equation (1) within our 100-gram 

bandwidth, using the number of births in each birth weight bin as the dependent variable 

(McCrary, 2008; Almond et al., 2010). The estimated coefficient is 0.545 (s.e. 11.912) 

for the focal child sample and 12.424 (s.e. 9.437) for the older sibling sample.
40

 These 

results suggest that birth weight is unlikely to be manipulated in our context. 

 

  
(a) Maternal age 

 

(b) Maternal education 

  
(c) Parity (d) Plurality 

Figure 2: Distribution of selected covariates around 1,500 grams, focal children with gestational age ≥ 32 

weeks. General graphing notes: Each dot represents averages of 30 gram bins centered at 10 gram inter-

vals. To be consistent with our regression results where we control for heaping at 1,500 grams observa-

tions at the 1500 gram bin are dropped from the data when constructing graphs. 

                                                                                                                                               
McCrary tests (available upon request) are qualitatively similar. Figure A1 in the Appendix provides 

corresponding figures for focal children with gestational age less than 32 weeks. 
40

 The results are robust to using the logarithm of the number of births as the dependent variable instead. 

In this case, the estimated coefficient in the focal child sample is -0.105 (s.e. 0.196) and the estimate in 

the older sibling sample is 0.150 (s.e. 0.240). 
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In the remainder of this section, we check whether there are differences in observable 

characteristics across the VLBW cutoff. If the RD design is valid, then the observable 

characteristics should be locally balanced on both sides of the 1,500 gram cutoff. Fig-

ures 2 and 3 present the means of selected covariates by birth weight of focal children 

with gestational age above 32 weeks for our two samples.
41

 As the Figures show, the 

distribution of the covariates is smooth across the VLBW cutoff.  

  
(a) Maternal age at birth of focal child (b) Maternal education 

  
(c) Parity of focal child (d) Plurality of focal child 

 
(e) Birth weight of older sibling 

 

Figure 3: Distribution of selected covariates around 1,500 grams, older siblings of focal 

children with gestational age ≥ 32 weeks. General graphing notes from Figure 2 apply. 

                                                 
41

 Figures A2 and A3 in the Appendix provide corresponding figures for focal children with gestational 

age less than 32 weeks. 
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In order to examine this issue more formally, Tables 1 provides the means of covariates 

on either side of the cutoff after controlling for birth weight.
42

 Columns 1-3 present 

summary statistics for focal children with a gestational age of at least 32 weeks, while 

Columns 4-6 provide means of covariates in the older sibling sample. 

The results in Table 1 confirm the visual evidence in Figures 3 and 4: observations just 

below the VLBW cutoff are similar to those just above the VLBW cutoff in terms of 

maternal characteristics (age, education, marital status at birth), focal child characteris-

tics (parity, plurality, gestational age, gender), and older sibling characteristics (gender, 

birth weight, parity, plurality, age at birth of focal child). In order to summarize the in-

formation provided by individual covariates, we predict each outcome variable using a 

linear model including the full set of control variables. If there is any selection on ob-

servables across the VLBW cutoff, we should observe a discontinuity in these predicted 

outcomes. As the last panel of the Table shows, predicted outcomes also have smooth 

distributions across the cutoff. 

Overall, the analyses in this section indicate that there is no evidence of manipulation of 

the running variable around the VLBW cutoff, and that there is no systematic evidence 

of discontinuities in the observable characteristics of newborns, their mothers and older 

siblings.  

                                                 
42

 This analysis is equivalent to estimating a local-linear regression similar to equation (2) using the co-

variates as the dependent variable, with the difference in means below and above the cutoff (i.e., columns 

1 and 2) representing the coefficient estimate for 𝑉𝐿𝐵𝑊 and the corresponding p-value clustered at the 

gram level indicated in column 3.  
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Table 1: Distribution of covariates across the VLBW cutoff, focal children with  

gestational age ≥ 32 weeks and their older siblings 

  Focal child sample Older sibling sample 

  

Birth weight 

< 1,500g 

Birth weight 

> 1,500g p-value 

Birth weight 

< 1,500g 

Birth weight 

> 1,500g p-value 

A. Parental characteristics 

      Maternal education (years) 11.453 11.550 0.775 10.682 11.089 0.583 

Maternal age at birth of focal child 28.074 28.225 0.833 30.123 30.088 0.983 

Married parents 0.471 0.517 0.566 0.614 0.621 0.961 

B. Focal child characteristics 

      Birth order 1.818 1.730 0.613 3.261 2.750 0.230 

Multiple birth 0.316 0.246 0.219 0.352 0.252 0.398 

Gestational age 33.532 34.105 0.015 33.554 34.072 0.117 

Gender: Male 0.378 0.367 0.868 0.358 0.305 0.595 

C. Older sibling characteristics 

      Birth order 

   

1.524 1.359 0.421 

Birth weight 

   

2,780 2,792 0.933 

Gender: Male 

   

0.535 0.497 0.610 

Multiple birth 

   

0.036 0.000 0.172 

Age at birth of treated child 

   

5.927 6.555 0.371 

D. Predicted outcomes 

      Hospital admission, focal child age 0-5 0.679 0.660 0.791 0.238 0.240 0.897 

Hospital admission, focal child age 6-10 0.131 0.126 0.594 0.178 0.186 0.588 

Hospital admission, focal child age 11-15 0.120 0.115 0.675 0.215 0.226 0.565 

ER admission, focal child age 6-10 0.359 0.348 0.681 0.421 0.420 0.992 

ER admission, focal child age 11-15 0.356 0.344 0.741 0.427 0.426 0.959 

Language test score -0.009 0.019 0.659 -0.192 -0.135 0.524 

Math test score -0.126 -0.101 0.615 -0.217 -0.111 0.385 

High school enrollment 0.524 0.540 0.651 0.413 0.439 0.590 

Observations 516 836   311 469   

 
Notes: Each cell in Columns 1-2 and 4-5 represents the mean of the corresponding variable in the row after controlling for birth weight. Columns 3 and 6 present the p-value for differences in means clustered at the gram level.  
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2.5.2 Baseline Results 

Figures 4 and 5 provide visual evidence on relationship between birth weight and health 

and educational outcomes of focal children with gestational age of at least 32 weeks and 

less than 32 weeks, respectively. In both Figures, the top two graphs focus on short-term 

health (28-day and 1-year mortality), the middle graphs show long-term health out-

comes (probability of an ER admission between ages 6-10 and 11-15, respectively) and 

the bottom graphs focus on language and math achievement. In all six graphs of Figure 

4, children below the VLBW cutoff exhibit better outcomes. In contrast, none of the 

graphs in Figure 5 shows differences in the outcomes of those just below the cutoff rela-

tive to those just above it.  

  
(a) 28-day mortality (b) 1-year mortality 

  
(c) P(ER admission), age 6-10 (d) P(ER admission), age 11-15 

  
(e) 9

th
 grade language test score (e) 9

th
 grade math test score 

Figure 4: Distribution of focal child outcomes around 1,500 grams, children with gesta-

tional age ≥ 32 weeks. General graphing notes from Figure 2 apply.
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(a) 28-day mortality (b) 1-year mortality 

  
(c) P(ER admission), age 6-10 (d) P(ER admission), age 11-15 

  
(e) 9

th
 grade language test score (e) 9

th
 grade math test score 

 

Figure 5: Distribution of focal child outcomes around 1,500 grams, children with gesta-

tional age < 32 weeks. General graphing notes from Figure 2 apply. 

 

Columns 1 and 2 of Table 2 present results from a formal evaluation of focal child out-

comes around the VLBW cutoff for children with gestational age of at least 32 weeks 

and less than 32 weeks, respectively. Each cell reports the estimated coefficient of 

𝑉𝐿𝐵𝑊 from a different regression.  
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Table 2: Baseline regressions 

 

  Focal children Older siblings 

 

Gestational age Gestational age 

  ≥ 32 weeks < 32 weeks ≥ 32 weeks < 32 weeks 

A. Short-term health         

28-day mortality -0.056
**

 -0.035 

  

 

(0.027) (0.031) 

  Mean outcome, non-VLBW focal children 0.069 0.068 

  Observations 1,352 1,004 

  
1-year mortality -0.063

*
 -0.003 

  

 

(0.034) (0.043) 

  Mean outcome, non-VLBW focal children 0.087 0.077 

  Observations 1,352 1,004     

B. Long-term health         

P(hospital admission), focal child age 0-5 -0.037 0.052 0.049 -0.119 

 

(0.040) (0.058) (0.059) (0.113) 

Mean outcome, non-VLBW focal children 0.553 0.595 0.211 0.207 

Observations 1,352 1,004 780 719 

P(hospital admission), focal child age 6-10 -0.049 0.036 -0.011 -0.091 

 

(0.058) (0.048) (0.048) (0.087) 

Mean outcome, non-VLBW focal children 0.150 0.143 0.151 0.146 

Observations 1,352 1,004 780 719 

P(hospital admission), focal child age 11-15 -0.080
**

 -0.102
**

 0.081 -0.182
***

 

 

(0.036) (0.047) (0.064) (0.045) 

Mean outcome, non-VLBW focal children 0.104 0.104 0.232 0.193 

Observations 1,352 1,004 780 719 

P(ER admission), focal child age 6-10 -0.139
*
 0.056 0.140 -0.168 

 

(0.082) (0.086) (0.172) (0.152) 

Mean outcome, non-VLBW focal children 0.389 0.378 0.469 0.468 

Observations 554 465 331 343 

P(ER admission), age 11—15 -0.131
**

 0.025 0.075 -0.064 

 

(0.059) (0.080) (0.065) (0.063) 

Mean outcome, non-VLBW focal children 0.307 0.296 0.388 0.389 

Observations 1,131 852 662 634 

 

This table continues on the next page. 
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Table 2: Baseline regressions (cont’d) 

  Focal children Older siblings 

 

Gestational age Gestational age 

  ≥ 32 weeks < 32 weeks ≥ 32 weeks < 32 weeks 

C. Academic achievement         

Language test score 0.198 -0.321
*
 1.410

***
 0.302 

 

(0.199) (0.161) (0.434) (0.508) 

Mean outcome -0.072 -0.084 0.086 -0.122 

Observations 622 481 122 150 

Math test score 0.307
***

 -0.165 0.679
*
 0.379 

 

(0.110) (0.220) (0.376) (0.336) 

Mean outcome -0.269 -0.068 -0.008 -0.154 

Observations 615 485 121 149 

High school enrollment -0.012 0.051 0.192
***

 0.043 

 

(0.054) (0.068) (0.063) (0.090) 

Mean outcome 0.422 0.421 0.416 0.395 

Observations 1,352 1,004 780 719 

Notes: Each cell represents the coefficient of the VLBW variable from a separate regression of the outcome variable listed 

in the row in the sample indicated in the column. All regressions control for a first-degree polynomial in birth weight 

(allowed to differ on both sides of the cutoff), heaping at 100g intervals, focal child characteristics (gender, gestational age, 

and indicators for parity, plurality, birth year, and birth region), and maternal characteristics (age, years of education, and 

marital status). In addition, the specifications in columns 3-4 exclude focal child birth order indicators and control for older 

sibling characteristics (birth weight and indicators for gender, parity, plurality, and birth year). Standard error clustered at 

the gram level reported in brackets. *** significant at 1%, ** at 5%, * at 10%. 

 

Consistent with previous findings in the literature, Panel A of Column 1 shows that 

among those with at least 32 weeks of gestation, children who were slightly below the 

VLBW cutoff have better health outcomes relative to those who were just above the 

VLBW cutoff. For example, our estimates indicate that the probability of death within 

the first 28-days (1-year) of life is 5.6 (6.3) percentage points lower among VLBW 

newborns. These are large gains when compared to the average mortality rates of those 

above the cutoff (6.9 and 8.7 percent, respectively) but they are comparable in magni-

tude to estimates from previous studies.
43

 VLBW children also seem to enjoy better 

health in the longer term, particularly during their teen years. 

For example, in Panel B we find that the probability of an ER visit between the ages of 

6-10 (11-15) is 13.9 (13.1) percentage points lower among those just below the cutoff as 

compared to those just above. These effects correspond to a 36-43 percent reduction in 

                                                 
43

 Almond et al. (2010) find that VLBW children have a 1 percentage point lower mortality compared to a  

mean infant mortality of 5.5 percent just above the cutoff. Similarly, Bharadwaj et al. (2013) estimate that 

extra medical treatments reduce 1-year infant mortality in Chile by 4.5 percentage points (mean: 11 per-

cent) and in Norway by 3.1 percentage points (mean: 3.6 percent). 
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the probability of an ER admission relative to the average child above the cutoff. Final-

ly, focal children who were just below the VLBW cutoff have better academic achieve-

ment in the long-run, with 9
th

 grade math test scores higher on average by 0.31 standard 

deviations.
44

 In contrast to the results in Column 1, Column 2 of Table 2 shows no dif-

ferences in the outcomes of those just below the cutoff relative to those just above it in 

the sample of children with less than 32 weeks of gestation. This further supports our 

conjecture that the observed improvements in the health and academic achievement of 

VLBW children are due (directly or indirectly) to the extra medical treatments they re-

ceive at birth. 

Figures 6-7 and Columns 3-4 of Table 2 turn to the spillover effects of medical treat-

ments on the older siblings. We separately examine effects on older siblings of focal 

children with gestational age of at least 32 weeks (Figure 6 and Column 3) and below 

32 weeks (Figure 7 and Column 4). The graphs in Figure 6 show little evidence of spill-

overs to health outcomes of older siblings but there are clear positive spillovers to aca-

demic achievement outcomes. Older siblings of focal children with gestational age of at 

least 32 weeks and birth weight slightly lower than 1,500 grams have visibly higher test 

scores in both language and math and they have a higher probability of enrolling in high 

school by age 19. The graphs in Figure 7, on the other hand, do not show any differ-

ences in the academic outcomes of older siblings of focal children with gestational age 

below 32 weeks. 

Columns 3-4 of Table 2 present the corresponding regression analyses. Panel B of Col-

umn 3 shows that there are no differences in the health outcomes of older siblings of 

focal children who were just below the VLBW cutoff relative to the older siblings of 

focal children who were just above the cutoff.  However, we find significant spillovers 

on academic achievement with older siblings of VLBW newborns performing better on 

all measures of human capital accumulation. For example, siblings of VLBW children 

have 9
th

 grade language (math) test scores that are on average 1.41 (0.68) standard devi-

ations higher. In addition, they are 19.2 percentage points more likely to enroll in a high 

school by age 19. In contrast, the results in Column 4 indicate that the older siblings of 

children with gestational age below 32 weeks have similar health and educational out-

comes across the VLBW threshold. 

                                                 
44

 This estimate is similar to those found by Bharadwaj et al. (2013), who estimate effects of 0.15 and 

0.476 standard deviations for Chile and Norway, respectively. 
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(a) P(ER admission), focal child 6-10 (b) P(ER admission), focal child 11-15 

  
(c) 9

th
 grade language test score (d) 9

th
 grade math test score 

 
(e) P(high school enrollment) 

 

Figure 6: Distribution of older sibling outcomes around 1,500 grams birth weight of 

focal children with gestational age ≥ 32 weeks. General graphing notes from Figure 2 

apply. 
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(a) P(ER admission), focal child 6-10 (b) P(ER admission), focal child 11-15 

  
(c) 9

th
 grade language test score (d) 9

th
 grade math test score 

 
(e) P(high school enrollment) 

 

Figure 7: Distribution of older sibling outcomes around 1,500 grams birth weight of 

focal children with gestational age < 32 weeks. General graphing notes from Figure 2 

apply. 

 

2.5.3 Robustness Checks 

In this section, we examine the robustness of our baseline estimates to several checks. 

Since our most novel contribution is investigating spillover effects of medical treat-

ments on the educational outcomes of older siblings, we present results for human capi-

tal accumulation outcomes using the older sibling sample. 
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Table 3: Robustness to choice of bandwidth and degree of polynomial in birth weight 

  Bandwidth = 50 grams Bandwidth = 60 grams Bandwidth = 70 grams Bandwidth = 80 grams 

 

Poly 1 Poly 2 Poly 3 Poly 1 Poly 2 Poly 3 Poly 1 Poly 2 Poly 3 Poly 1 Poly 2 Poly 3 

Language test score 1.124 -0.562 -0.566 1.628** -0.817 -1.350 1.604** 0.904 -2.108 1.539** 1.424** -0.951 

  (0.687) (1.243) (1.839) (0.714) (1.157) (1.662) (0.668) (0.747) (1.543) (0.580) (0.670) (1.167) 

Observations 56 56 56 64 64 64 79 79 79 93 93 93 

Math test score 0.069 -1.785* -2.694 0.437 -1.909** -2.182 0.547 -0.762 -3.142*** 0.648 -0.398 -2.405*** 

  (0.669) (0.953) (1.981) (0.549) (0.762) (1.329) (0.501) (0.671) (0.992) (0.445) (0.666) (0.840) 

Observations 55 55 55 63 63 63 78 78 78 92 92 92 

High school enrollment 0.140 0.135 0.380 0.205* 0.063 0.241 0.231** 0.082 0.069 0.217*** 0.145 -0.032 

  (0.145) (0.314) (0.400) (0.109) (0.241) (0.406) (0.091) (0.185) (0.348) (0.075) (0.161) (0.288) 

Observations 380 380 380 441 441 441 510 510 510 578 578 578 

  Bandwidth = 90 grams Bandwidth = 100 grams Bandwidth = 110 grams Bandwidth = 120 grams 

Language test score 1.523*** 1.462** 0.294 1.410*** 1.568** 1.027 1.149*** 1.647*** 1.053* 0.928** 1.711*** 0.863 

  (0.505) (0.656) (0.883) (0.434) (0.582) (0.675) (0.389) (0.538) (0.571) (0.386) (0.518) (0.523) 

Observations 103 103 103 122 122 122 136 136 136 140 140 140 

Math test score 0.701* -0.214 -1.765** 0.679* 0.010 -1.115 0.559* 0.174 -0.813 0.518* 0.271 -0.681 

  (0.415) (0.655) (0.736) (0.376) (0.580) (0.738) (0.326) (0.492) (0.595) (0.302) (0.444) (0.534) 

Observations 103 103 103 121 121 121 135 135 135 139 139 139 

High school enrollment 0.201*** 0.190 0.007 0.192*** 0.197 0.068 0.179*** 0.177* 0.056 0.172*** 0.156* 0.025 

  (0.067) (0.141) (0.240) (0.063) (0.123) (0.204) (0.063) (0.104) (0.189) (0.062) (0.092) (0.159) 

Observations 636 636 636 780 780 780 834 834 834 899 899 899 

  Bandwidth = 130 grams Bandwidth = 140 grams Bandwidth = 150 grams 

   
Language test score 0.791** 1.706*** 0.981* 0.662* 1.666*** 1.198** 0.550 1.608*** 1.391** 

   
  (0.382) (0.496) (0.544) (0.368) (0.479) (0.567) (0.356) (0.459) (0.566) 

   
Observations 153 153 153 162 162 162 177 177 177 

   
Math test score 0.502* 0.326 -0.476 0.473* 0.385 -0.341 0.415 0.468 -0.230 

   
  (0.287) (0.412) (0.512) (0.280) (0.392) (0.500) (0.277) (0.379) (0.473) 

   
Observations 152 152 152 161 161 161 177 177 177 

   
High school enrollment 0.169*** 0.148* 0.048 0.166*** 0.156* 0.064 0.162*** 0.169** 0.081 

   
  (0.061) (0.084) (0.133) (0.059) (0.079) (0.120) (0.058) (0.076) (0.110) 

   
Observations 974 974 974 1,035 1,035 1,035 1,149 1,149 1,149 

   Notes: Each cell represents the coefficient of the VLBW variable from a separate regression of the outcome variable listed in the row in the sample indicated in the column. All regressions control for a polynomial in birth weight (allowed to 

differ on both sides of the cutoff), heaping at 100g intervals, focal child characteristics (gender, gestational age, and indicators for plurality, birth year, and birth region), maternal characteristics (age, years of education, and marital status), 

and older sibling characteristics (birth weight and indicators for gender, parity, plurality, and birth year). Standard error clustered at the gram level reported in brackets. *** significant at 1%, ** at 5%, * at 10%. 
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In Table 3, we examine the sensitivity of our estimates to the choice of bandwidth and 

degree of polynomial in the running variable. We present results using bandwidths up to 

50 percent smaller and larger than our baseline bandwidth of 100 grams. For each 

bandwidth, we provide results using up to a third degree polynomial in birth weight. We 

find that our baseline results are consistent across different bandwidths for a given pol-

ynomial degree, although we lose some precision as the bandwidth gets smaller. The 

estimates are also largely robust to the choice of polynomial degree for a given band-

width but nonlinear specifications tend to over fit the data, especially in smaller band-

widths.  

Table 4 provides additional sensitivity analyses. In our baseline specification, we in-

clude a set of covariates in order to increase precision. If the key assumption in our RD 

design is satisfied (i.e., birth weight is as good as random around the cutoff), then ex-

cluding these additional covariates should not change our conclusions. Column 2 of 

Table 4 presents estimates from a specification that only includes the 𝑉𝐿𝐵𝑊 indicator, a 

first degree polynomial in the running variable and an indicator for heaping at the cut-

off. We again find that older siblings of focal children who were slightly below the cut-

off have significantly better educational outcomes.  

Columns 3-5 turn to the role of heaping. Following Barreca et al. (2011), our main spec-

ification includes indicators for heaping at 100-gram intervals. In Column 3, we check 

whether our results are robust to including indicators for heaping at 50-gram intervals 

(since our data indicated heaping at multiples of 50-grams). The estimated coefficients 

of 𝑉𝐿𝐵𝑊 are virtually identical to our baseline estimates. We next implement the sec-

ond method suggested by Barreca et al. (2011) and estimate “donut” regressions that 

exclude observations close to the cutoff. In Column 4, we exclude older siblings of fo-

cal children who weighed 1,500 grams, while in Column 5 we further exclude children 

whose younger siblings weighed between 1,490 to 1,510 grams. The results are again 

similar to the main estimates, suggesting that our baseline results are not driven by 

heaping.  
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Table 4: Additional robustness checks 

  
Baseline 

Excluding 

controls 

Control for 

heaping 

at 50g 

Donut sample Excluding 

focal 

multiple births 

 

Excluding 

1,500g 

Excluding 

1,490g-1,510g 

Language test score 1.410
***

 1.235
**

 1.370
***

 1.348
***

 1.695
***

 1.362
***

 

 

(0.434) (0.538) (0.430) (0.382) (0.439) (0.388) 

Observations 0.086 0.086 0.086 0.099 0.109 0.096 

Mean outcome 122 122 122 118 108 89 

Math test score 0.679
*
 0.916

**
 0.662

*
 0.606 1.643

***
 0.946

*
 

 

(0.376) (0.397) (0.389) (0.413) (0.583) (0.529) 

Observations -0.008 -0.008 -0.008 -0.018 -0.018 -0.065 

Mean outcome 121 121 121 117 107 87 

High school enrollment 0.192
***

 0.180
**

 0.200
***

 0.192
***

 0.180
**

 0.186
**

 

 

(0.063) (0.079) (0.067) (0.056) (0.080) (0.090) 

Mean outcome 0.416 0.416 0.416 0.401 0.406 0.397 

Observations 780 780 780 720 683 588 

Notes: Each cell represents the coefficient of the VLBW variable from a separate regression of the outcome variable listed in the row in the 

sample indicated in the column. All regressions control for a polynomial in birth weight (allowed to differ on both sides of the cutoff), heaping 

at 100g intervals, focal child characteristics (gender, gestational age, and indicators for plurality, birth year, and birth region), maternal charac-

teristics (age, years of education, and marital status), and older sibling characteristics (birth weight and indicators for gender, parity, plurality, 

and birth year). Standard error clustered at the gram level reported in brackets. *** significant at 1%, ** at 5%, * at 10%. 
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Multiple births are generally characterized by lower birth weight. Indeed, multiple 

births represent a disproportionate share of focal children within our bandwidth relative 

to their share in the full population of births (22 percent vs. 2.37 percent). Since multi-

ple births may impact older siblings through channels other than medical treatments 

(e.g., family size), the last column of Table 4 investigates the robustness of our results 

in a sample of older siblings of singletons. We confirm that our baseline results are not 

sensitive to this sample restriction. This should not be surprising since we do not find 

any discontinuity in the probability of a multiple birth across the VLBW threshold (see 

Table 1). 

We also investigate whether our test score results may be biased due to sample selection 

since students can be exempt from taking the test, for example, because of documented 

disability. To shed light on this issue, we examine whether there is any discontinuity at 

the cutoff in the probability of taking the test. When we estimate equation (2) using the 

probability of test taking as the dependent variable, we do not find any evidence of a 

jump at the VLBW threshold.
45

 

Finally, we check whether we observe similar jumps in the educational outcomes of 

older siblings at other thresholds based on the birth weight of the focal child. If the ob-

served academic achievements are indeed driven (directly or indirectly) by the medical 

treatments received by the focal children, then we should not observe systematics dis-

continuities in the educational outcomes of older siblings at other cutoffs. We examine 

cutoffs from 1,300 grams to 3,000 grams, keeping the bandwidth fixed at 100 grams on 

either side of the cutoff. Results presented in Table 5 indicate that there is no other cut-

off where all three educational outcomes of siblings exhibit discontinuities of a magni-

tude comparable to those observed at the 1,500 gram cutoff. Combined with the absence 

of discontinuities around the 1,500 gram threshold in the outcomes of older children 

whose younger siblings had a gestational age less than 32 weeks, the results in Table 5 

strongly suggest that the observed spillover effects are due to the (indirect or direct) 

impact of medical treatments provided to VLBW focal children. 

 

                                                 
45

 The estimated coefficient of 𝑉𝐿𝐵𝑊 is 0.146 (s.e. 0.201) for the probability of taking the math test and 

0.055 (s.e. 0.189) for the probability of taking the language test. 
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Table 5: Placebo regressions at 100-gram cutoffs 

 

Cutoff 

 

1300 1400 1500 1600 1700 1800 1900 2000 2100 

Language test score -0.406 1.223
**

 1.410
***

 0.796
**

 0.463
*
 -0.271 0.048 -0.277

*
 -0.179 

 

(0.753) (0.457) (0.434) (0.347) (0.261) (0.178) (0.202) (0.150) (0.240) 

Observations 57 84 122 165 274 404 565 712 982 

Math test score 0.916 -0.146 0.679
*
 0.610

*
 0.290 -0.194 -0.149 -0.288

**
 -0.162 

 

(0.632) (0.589) (0.376) (0.339) (0.260) (0.236) (0.173) (0.110) (0.117) 

Observations 59 87 121 163 272 400 561 711 981 

High school enrollment -0.013 0.053 0.192
***

 -0.040 0.048 0.014 -0.003 -0.088
***

 0.005 

 

(0.101) (0.075) (0.063) (0.087) (0.054) (0.044) (0.048) (0.030) (0.047) 

Observations 350 556 780 1,037 1,531 2,091 2,843 3,647 4,820 

 

Cutoff 

 

2200 2300 2400 2500 2600 2700 2800 2900 3000 

Language test score 0.021 -0.217
*
 -0.128 0.035 -0.073 -0.035 -0.061 -0.036 -0.074 

 

(0.130) (0.109) (0.122) (0.120) (0.070) (0.081) (0.106) (0.055) (0.065) 

Observations 1,238 1,649 2,194 3,007 4,094 5,517 7,391 10,013 12,925 

Math test score 0.064 0.139 0.045 0.014 -0.065 0.168
**

 0.007 0.059 -0.120
*
 

 

(0.134) (0.137) (0.095) (0.125) (0.076) (0.070) (0.054) (0.074) (0.067) 

Observations 1,233 1,637 2,188 2,991 4,068 5,485 7,375 10,000 12,899 

High school enrollment -0.008 0.014 -0.016 -0.007 0.020 -0.005 -0.007 -0.001 0.017 

 

(0.034) (0.032) (0.029) (0.019) (0.017) (0.025) (0.017) (0.016) (0.012) 

Observations 6,116 7,988 10,565 14,142 18,876 24,971 32,359 42,826 53,847 

Notes: Each cell represents the coefficient of the cutoff variable from a separate regression of the outcome variable listed in the row in a 100-gram window around the 

cutoff indicated in the column. All regressions control for a polynomial in birth weight (allowed to differ on both sides of the cutoff), heaping at 100g intervals, focal 

child characteristics (gender, gestational age, and indicators for plurality, birth year, and birth region), maternal characteristics (age, years of education, and marital 

status), and older sibling characteristics (birth weight and indicators for gender, parity, plurality, and birth year). Standard error clustered at the gram level reported in 

brackets. *** significant at 1%, ** at 5%, * at 10%. 
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2.5.4. Effects on Parents 

 

We explore effects on a range of parental outcomes. One way of thinking about these 

additional analyses is as potential mechanisms behind our primary results. For example, 

one might imagine that effects on sibling cognitive ability arise because of effects on 

parental choices and health. But of course, whether parents are affected by treatment is 

also interesting in its own right. In particular, we consider effects on parental employ-

ment (extensive and intensive margin), probability of divorce, and parental physical and 

mental health. Due to space considerations, and because most results are insignificant, 

we merely discuss our findings. The full set of results is available upon request. 

We investigate parents’ labor market outcomes in each of the first 10 years of the life of 

the focal child. We do not find evidence that the mother’s decision to participate in the 

labor market, as measured by her employment status, is affected by whether the birth 

weight of the focal child is above or below the VLBW cutoff. Although estimates are 

insignificant, there does seem to be a tendency for mothers of children with a birth 

weight just below the 1,500 gram cutoff to work more days in given calendar year for 

the first 2-6 years after the birth of the child but the effect turns negative at age 7 an 

onwards. Interestingly, this change coincides with school start. Fathers’ labor supply, 

both in terms of the decision to work and in terms of number of days worked seem, on 

the other hand, to be positively affected. The probability of divorce is increased among 

parents whose child was slightly below the VLBW cutoff but estimated effects are high-

ly insignificant. We find no significant effects in terms of parental health though the 

signs of the estimates point to improvements in terms of the probability of respiratory 

disease and mental health diagnoses. 

In sum, the only significant change in parental outcomes is seen in terms of fathers’ 

labor market attachment. Ruhm (2004) finds very little association between paternal 

labor supply and child achievement. If this is true also in a Danish context, then the im-

provement in paternal labor market attachment is unlikely to serve as a mechanism be-

hind our primary results. Rather, it merely signals that early medical treatment, because 

it improves the health of the focal child, has a direct and positive effect on fathers’ abil-

ity to engage in the labor market. 



89 

 

2.6. Conclusions 

In this paper, we investigate the spillover effects of medical treatments received by 

VLBW children on their older siblings. Using register data from Denmark, we first con-

firm the findings in the previous literature documenting that children who weigh slight-

ly less than 1,500 grams are more likely to survive within the first year of life, to enjoy 

better health in the long-run and to have better educational outcomes (measured in our 

data as 9
th

 grade math scores). While we do not find any spillover effects on the health 

outcomes of older siblings of these children, we find substantial positive spillovers on 

educational outcomes. In particular, our results indicate that older siblings of focal chil-

dren who were slightly below the VLBW cutoff have better 9
th

 grade language and math 

test scores, as well as higher probability of enrolling in a high school by age 19. We 

show that these results are robust to a host of checks.  

As medical expenditures for the very young keep increasing, understanding the net so-

cial benefits of these treatments becomes even more important. Our results suggest that 

medical treatments for VLBW children may have spillover effects on older siblings that 

raise their net benefits. Future extensions of this work will investigate potential mecha-

nisms for these spillover effects as well as potential spillovers on other family members.
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Appendices 

2.A Figures 

 
(a) Focal child sample 

 

 
(b) Older sibling sample 

Figure A1: Frequency of births around 1,500 grams, focal children with gestational age 

< 32 weeks 
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(a) Maternal age 

 

(b) Maternal education 

  
(c) Parity (d) Plurality 

 

Figure A2: Distribution of selected covariates around 1,500 grams, focal child sample 

with gestational age < 32 weeks. General graphing notes from Figure 2 apply. 
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(a) Maternal age at birth of focal child 

 

(b) Maternal education 

  
(c) Parity of focal child 

 

(d) Plurality of focal child 

 
(e) Birth weight of older sibling 

 

Figure A3: Distribution of selected covariates around 1,500 grams, older siblings of 

focal children with gestational age < 32 weeks. General graphing notes from Figure 2 

apply. 
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2.B Tables 

 

Table B1: Estimating samples across outcomes 

Sample/outcome Cohorts Reason for restriction 

A. Focal children 1982-1993 Gestational age not recorded until 1982; test 

scores available until 2010 

 - Mortality 1982-1993 Ibid. 

 - Hospitalizations 1982-1993 Ibid. 

 - ER visits, 6-10 years 1989-1993 ER data available from 1995 

 - ER visits, 11-15 years 1984-1993 ER data available from 1995 

 - Test scores 1986-1993 Test scores available between 2001-2010 

 - High school enrollment 1982-1993 Gestational age not recorded until 1982; test 

scores available until 2010 
 

B. Older siblings 1973-1992 Older siblings of focal children born between 

1982-1993; birth weight not recorded before 1973 

 - ER visits, 6-10 years 

  after birth of focal child 

1973-1992 Older siblings of focal children born between 

1989-1993; ER data available from 1995 

 - ER visits, 11-15 years 

  after birth of focal child 

1973-1992 Older siblings of focal children born between 

1984-1993; ER data available from 1995 

 - Test scores 1986-1992 Older siblings of focal children born between 

1982-1993; Test scores available between 2001-

2010 

 - High school enrollment 1973-1992 Older siblings of focal children born between 

1982-1993 
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Chapter 3 

The Presence of ADHD: Spillovers between Siblings 
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This paper uses high quality register-data to study the spillover effects on firstborns from having 

a younger sibling suffering from ADHD. Using OLS and cousin fixed effects analyses it is found 

that the educational outcomes of healthy firstborn children are significantly reduced by the pres-

ence of a disordered sibling. 
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3.1. Introduction 

It is well established that the developmental disorder Attention-Deficit/Hyperactivity-

Disorder (ADHD) is strongly associated with worse performance in terms of a range of 

important human capital outcomes such as test scores and educational attainment (Cur-

rie and Stabile, 2006; Fletcher and Wolfe, 2008). This paper studies potential spillover 

effects from having a sibling with ADHD. More generally, the paper gives information 

about externalities associated with disabilities. Such analyses are of great importance 

when wanting to fully understand the societal implications of disabilities and of ADHD 

in particular.  

To the best of my knowledge, only very little evidence exists on this type of ques-

tion. An earlier paper by Fletcher and Wolfe (2008) finds that the detrimental effects of 

ADHD on child outcomes disappear when family fixed effects are included. This sug-

gests that not only the child but also siblings are negatively affected. Fletcher et al. 

(2012) directly studies spillover effects of a sibling's poor health, broadly defined. Their 

findings suggest substantial negative associations between having a sibling with poor 

health and own educational outcomes. 

When analyzing spillover effects we ideally want to compare the outcomes of two 

observationally equivalent healthy children, where one has a healthy sibling and the 

other has an unhealthy sibling. Since ADHD is highly heritable (Biederman et al., 1995; 

Safer, 1973), the strategy must be carefully chosen to make sure that the results are not 

affected by the child’s own disorder, disorders of the parents, or a combination of the 

above. This paper’s main contribution to the small existing literature is a solution to 

these core problems: given rich, register-based data it is possible to select a sample of 

firstborn children who do not themselves suffer from psychiatric diseases. This strategy 

ensures that the sample is homogeneous in terms of birth order
46

 and eliminates the risk 

of sample skewness that may arise if parent’s fertility choice is affected by the health of 

their child. An additional advantage is access to a rich set of relevant background char-

acteristics all measured before or at the time of birth. Finally, ADHD is identified, not 

through self-reported measures or through caregivers’ answers, but through actual diag-

                                                 
46

 As shown in Black et al. (2005) birth order may have large effects on human capital accumulation. 
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noses.
47

 Hence the spillover effects on healthy children can be credibly disentangled. I 

investigate the extent to which the lack of restrictions in the existing literature impacts 

the estimated effects of sibling ADHD. 

3.2. Data and methods 

My primary data source is the Danish Psychiatric Central Register. This data in-

cludes full psychiatric history of both parents and children diagnosed at a Danish gen-

eral hospital before 2010
48

. Using unique personal identifiers data is augmented with a 

rich set of background variables. The personal identifiers further enable the linkage of 

generations: children can be linked to their parents and thus siblings, grandparents and 

hence cousins.  

A child is defined as suffering from ADHD if he/she receives a diagnosis within the 

category Hyperkinetic Disorders (ICD-10 classification scheme) at a general hospital.
49

 

Children diagnosed at private clinics are not registered yet information from the Danish 

Prescription Drug database can be exploited. As a robustness check ADHD is redefined 

to include both diagnosed children and children without a diagnosis who have redeemed 

ADHD medication corresponding to at least six months of treatment in a given year
50

. 

For a discussion of the undiagnosed cases in Denmark see Kvist et al. (2013). 

The goal is to estimate how a firstborn child’s human capital accumulation, here cap-

tured by educational outcomes, is affected by the presence of a younger sibling with 

ADHD. The following outcome equation is considered: 

𝑌𝑖 = 𝑋𝑖
′𝛽1 + 𝛽2𝐴𝐷𝐻𝐷𝑖

𝑠𝑖𝑏 + 휀𝑖             (1) 

where Yi represents standardized educational outcomes as grade point average in the 9th 

grade
51

, reading and math scores at the 9th grade exit exam. ADHDi
sib

 is an indicator for 

                                                 
47

 This implies a very robust definition since ADHD diagnosis in Denmark can only be given by a psy-

chiatrist or a specialist physician but both parent, teachers and schools can decide to seek out a diagnosis 

(Dalsgaard et al., 2012a) 
48 

For a detailed description see Munk-Jørgensen and Mortensen (1997)  
49 

For a more detailed description of the decision stages and agents involved in diagnosing ADHD in 

Denmark see Dalsgaard et al. (2012b) 
50 

This could either be Amphetamine (N06BA01), Methylphenidate (N06BA04) or Atomoxetine 

(N06BA09). 
51 

In Denmark the 9th grade is generally passed at the age of 15. This may however depend on school 

starting age and grade repetition. 
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the presence of a younger sibling with ADHD. X includes child and parental characteris-

tics predictive of human capital development and ADHD all measured before or at the 

time of birth. For children this includes gender, gestational age, birth weight and AP-

GAR
52

 score. For both parents I have age at child birth, education, labor market partici-

pation, income, marital status, relationship stability, immigrant status, psychiatric diag-

nosis and maternal smoking behavior during pregnancy. Table A.1 in the Appendix 

shows mean background characteristics of firstborn children with and without an 

ADHD diagnosed sibling.  

Despite the carefully selected sample and the rich set of relevant controls the parame-

ter of interest may not be perfectly identified from this equation by OLS. Unobserved 

factors such as parental skills, child-rearing talents, or heritable endowments could af-

fect human capital of the child and be associated with having a sibling with ADHD. By 

including cousin fixed effects this source of bias can be reduced to the extent that the 

unobservables are shared and transmitted similarly by cousins’ parents. 

To underline the importance of restricting to firstborns without ADHD, two other 

specifications are considered. Adding an indicator for own ADHD to Eq. (1) the child is 

allowed to have an ADHD diagnosis or other psychiatric diagnosis. This model is then 

estimated for a sample of firstborns with younger siblings and a sample of all children 

with siblings, controlling for birth order and family size.  

  

3.3. Results 

Table 1 shows the main OLS results. These suggest that the presence of a younger 

sibling with ADHD has a large statistically significant negative influence on a firstborn 

child’s educational outcomes. Including child characteristics does not affect the esti-

mates much. Since these are predictive of ADHD (e.g. Linnet et al., 2006) this substan-

tially increases the likelihood that the results are not simply reflecting own undiagnosed 

ADHD
53

. The magnitude of the effects is reduced considerably when including parental 

                                                 
52 

The APGAR score assesses the health of newborn children immediately after birth. The score can range 

between 1-10, depending on appearance, pulse, grimace, activity, respiration, with 10 being the best 

score. 
53

 This is also in line with the means comparison in table A.1. 
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controls (column III). As expected this suggests selection on observables, underlining 

the importance of including relevant family-level variables. The results are robust to-

ward the inclusion of region and cohort fixed effects as well as the alternative definition 

of ADHD. 

 

Table 1: Spillover effects from the presence of an ADHD diagnosed sibling 

 

Notes: Sample of firstborn children without ADHD or other psychiatric diagnosis. 1,795 with an ADHD diagnosed 

sibling, 160.581 with a non-ADHD younger sibling. In column V with the alternative ADHD definition there is 2,654 

with an ADHD diagnosed sibling and 160,581 with a non-ADHD younger sibling. Robust standard errors in paren-

theses. * p<0.10, ** p<0.05,  *** p<0.01. Individual level characteristics are described in Table A.1 in the appendix. 

 

    

In appendix A2 the results are shown for the two less restrictive specifications. When 

allowing for own ADHD the magnitude of sibling ADHD becomes smaller but remains 

statistically significant, suggesting that part of the effect is absorbed by own ADHD. 

The change is particularly noticeable in the sibling sample without the firstborn re-

striction. These sizable changes underline the importance of the contributions made by 

this paper by using a sample of healthy firstborns. 

To reduce biases that may arise from unobserved family specific traits a cousin fixed 

effects analysis is performed. Table 2 shows these results along with the OLS results 

based on the cousin sample. Including cousin fixed effects reduces the estimates slightly 

compared to the baseline OLS results. However relatively large negative spillovers from 

the presence of an ADHD diagnosed sibling are still observed regardless of the ADHD 

definition.  

Outcome Sample mean I II III IV V

Overall mark in 9th grade 0.188 -0.270*** -0.281*** -0.126*** -0.125*** -0.122***

(0.018) (0.018) (0.016) (0.016) (0.013)

Reading - Exit exam 0.133 -0.218*** -0.234*** -0.097*** -0.101*** -0.096***

(0.023) (0.023) (0.022) (0.022) (0.018)

Math - Exit exam 0.219 -0.307*** -0.307*** -0.142*** -0.138*** -0.134***

(0.022) (0.022) (0.021) (0.021) (0.017)

Child characteristics X X X X

Parental characteristics X X X

Region indicator X X

Birth cohort indicator X X

ADHD definition:

Diagnosis X X X X

Diagnosis or redeemed ADHD medication X
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Table 2. Spillover effects from the presence of an ADHD diagnosed sibling - Cousin fixed effects 

 

Notes: Sample of firstborn children without ADHD or other psychiatric diagnosis, who have a cousin in the sample 

also fulfilling the selection criteria. Of these 288 have an ADHD diagnosed sibling, and 26,619 habve a non-ADHD 

younger sibling. In column III with the alternative ADHD defintion there is 414 with an ADHD diagnosed sibling 

and 26,737 with a non-ADHD younger sibling. Robust standard errors in parentheses. * p<0.10, ** p<0.05,  *** 

p<0.01. Full set of controls are included, described in Table A.1 in the appendix. 

3.4. Discussion and Conclusion 

This paper uses rich Danish register-based data to investigate whether the presence 

of a sibling with ADHD may spillover and affect the educational outcomes of an older 

sibling. A sample of firstborn children who do not themselves suffer from ADHD is 

carefully selected and a large set of relevant background characteristics is taken ad-

vantage of. Using OLS and cousin fixed effects analyses, I find that a healthy firstborn 

child is negatively affected by the presence of a younger sibling with an ADHD diagno-

sis. These results are robust across specifications, and suggest that benefits from reduc-

ing the core symptoms of ADHD may extend beyond the child itself.  

The main analysis considers how firstborn children are affected by having a younger 

sibling with an ADHD diagnosis. The optimal strategy for analyzing effects on later-

born children is not obvious due to the likely influence on parent’s fertility decision. I 

show, in fact, that results change considerably if one does not restrict the sample to 

firstborns without ADHD. 

 
  

Outcomes Sample mean I II III

Overall mark in 9th grade 0.232 -0.132*** -0.102* -0.104**

(0.038) (0.058) (0.047)

Reading - Exit exam 0.166 -0.133** -0.119 -0.102

(0.054) (0.075) (0.063)

Math - Exit exam 0.279 -0.115** -0.111 -0.116*

(0.051) (0.073) (0.060)

Regression type:

OLS X

Cousin FE X X

ADHD definition:

Diagnosis X X

Diagnosis or redeemed ADHD medication X
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Table A.1. Mean background characteristics 

 

 
 

Note: Bold indicate that the means are statistically different between children with and without ADHD diagnosed 

sibling at a 5% significance level. 

Mean SD Mean SD

Child characteristics

Male 0.503 0.467

Birthweight <2,500 grams 0.041 0.042

Gestational age > 37 0.897 0.905

APGAR 5min 9.300 9.429

Mother:

Age at Child Birth 26.720 3.802 25.525 3.803

Education

Primary 0.190 0.323

High school 0.128 0.110

Vocational 0.364 0.373

2yr college 0.042 0.035

4yr college 0.161 0.094

MSc 0.060 0.025

Smoking during pregnancy 0.139 0.240

Employed 0.792 0.760

Married Before 0.017 0.017

Immigrant 0.100 0.056

Psychiatric diagnosis 0.089 0.169

Father:

Age at Child Birth 29.339 4.678 28.269 4.751

Education

Primary 0.189 0.292

High school 0.082 0.070

Vocational 0.413 0.443

2yr college 0.068 0.050

4yr college 0.095 0.050

MSc 0.088 0.040

Employed 0.856 0.844

Married Before 0.041 0.047

Immigrant 0.105 0.079

Psychiatric diagnosis 0.079 0.145

Parents

Income

Low 0.287 0.361

Low-Medium 0.177 0.209

Medium-High 0.187 0.182

High 0.348 0.248

Married at birth 0.468 0.422

Years Together Before Birth 4.203 2.528 3.838 2.382

Observations 160,581 1,795

No ADHD diagnosed sibling ADHD diagnosed sibling
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Table A2: Spillover effects from the presence of a sibling with ADHD - Alternative specifications 

 

 
 

Notes: For column I and II general notes from table 1 apply. In column III there is 2,195 firstborns with an ADHD 

diagnosed sibling and 176,821 with a non-ADHD younger sibling. In column IV there is 3,285 firstborns with an 

ADHD diagnosed sibling and 177,426 with a non-ADHD younger sibling. In column V there is 6,927 children with 

an ADHD diagnosed sibling and 425,429 with a non-ADHD sibling. In column VI there is 10,063 children with an 

ADHD diagnosed sibling and 426,880 with a non-ADHD sibling. Robust standard errors in parentheses. * p<0.10, ** 

p<0.05,  *** p<0.01. Individual level characteristics are described in Table A.1 in the appendix. In column V and VI 

birth order is included. 

Outcome I II III IV V VI

Overall mark in 9th grade

Own ADHD - - -0.451*** -0.427*** -0.392*** -0.393***

- - (0.020) (0.016) (0.012) (0.010)

Sibling ADHD -0.125*** -0.122*** -0.114*** -0.104*** -0.107*** -0.090***

(0.016) (0.013) (0.015) (0.012) (0.008) (0.007)

Reading - Exit exam

Own ADHD - - -0.296*** -0.269*** -0.227*** -0.240***

- - (0.027) (0.022) (0.017) (0.013)

Sibling ADHD -0.101*** -0.096*** -0.089*** -0.080*** -0.098*** -0.076***

(0.022) (0.018) (0.020) (0.016) (0.011) (0.010)

Math - Exit exam

Own ADHD - - -0.535*** -0.503*** -0.477*** -0.468***

- - (0.027) (0.021) (0.016) (0.013)

Sibling ADHD -0.138*** -0.134*** -0.114*** -0.104*** -0.108*** -0.089***

(0.021) (0.017) (0.019) (0.015) (0.011) (0.009)

Child characteristics X X X X X X

Parental characteristics X X X X X X

Region indicator X X X X X X

Birth cohort indicator X X X X X X

Family size X X

ADHD definition:

Diagnosis X X X

Diagnosis or redeemed ADHD medication X X X

Firstborn sample allowing 

own ADHD
Sibling sampleNormal firstborn sample
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Chapter 4 

The Risk of Attention Deficit Hyper Activity Disorder in 

Children Exposed to Maternal Smoking during Preg-

nancy – A Critical Reexamination Using a Sibling De-

sign
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ABSTRACT 

IMPORTANCE Conventional cohort studies have consistently shown that exposure to mater-

nal smoking in pregnancy is associated with about twice the risk of attention deficit hyperactivi-

ty disorder (ADHD) in the offspring. However, recent studies have used alternative designs to 

disentangle the effect of social and genetic confounders and suggested that confounding may 

account for the association. 

OBJECTIVE To estimate the association between prenatal exposure to maternal smoking and 

ADHD in children by a sibling design. 

DESIGN Comparisons within maternal full or half-siblings of all singletons born between Jan-

uary 1991 and December 2006 and followed until January 2011. 

SETTING A Danish national register-based cohort. 

PARTICIPANTS Complete data was available for 90% (N=968,665) of the entire population 

of singleton births in the period. 

MAIN OUTCOMES AND MEASURES We used the combination of the International Classi-

fication of Diseases, 10
th
 version (ICD-10) diagnosis of hyperkinetic disorder (HKD) and 

ADHD medication to identify children likely to fulfill the ADHD criteria. We used sibling-

matched (conditional) Cox regression analyses to control for social and genetic confounding. 

RESULTS Of 968,665 singletons, 12,812 fulfilled ICD-10 diagnostic criteria and 4569 re-

ceived ADHD medication without having a diagnosis, giving a total of 17,381 having diagnosis 

or medication. Using conventional cohort analyses we found the expected association between 

pregnancy smoking and offspring ADHD (adjusted HR 2.01, 95% CI 1.94-2.07). In the sibling 

analysis, however, we did not detect such an association between exposure to maternal smoking 

during pregnancy and risk of ADHD (adjusted HR 1.07, 95% CI 0.94-1.22). There was no dif-

ference between results for half- and full sibling analyses. The link between pregnancy smoking 

and low birth weight as found in all previous research remained robust in the sibling design 

(adjusted OR 1.68, 95% CI 1.33-2.12). 

CONCLUSIONS AND RELEVANCE We found no support for prenatal smoking as an im-

portant causal factor in ADHD. Our findings suggest that the strong associations found in most 

previous epidemiological studies are likely to be due to a strong link between maternal ADHD 

genetics or shared family environment and smoking. Pregnant women should still be encour-

aged to stop smoking because of other risks, but we have no reason to believe that this would 

reduce the risk of ADHD in the offspring.  

 

Keywords: smoking, pregnancy, Attention Deficit Hyperactivity Disorder (ADHD), Hyperki-

netic Disorder (HKD), sibling design  
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4.1. Introduction 

 It is widely accepted that exposure to maternal smoking in pregnancy may have a 

causal role in attention deficit hyperactivity disorder (ADHD),
1-4

 because of the con-

sistency of the associations across studies. Further, the associations remain after statisti-

cally controlling for possible confounding factors and animal studies
5
 show that prenatal 

exposure to nicotine may influence brain development. On the other hand, animal mod-

els have consistently showed an effect in reducing birth weight, but they have not con-

sistently demonstrated the motor and cognitive changes associated with ADHD.
6
 More-

over, conventional statistical adjustments may to a certain extend  control for known 

and measured confounders, but they cannot control for those that are unmeasured and 

unknown.
7
 Studies that used the different types of natural experiment to control for the 

possibility of genetic mediation have all questioned the causal inference with respect to 

ADHD. This applies to the contrast within Assisted Reproductive Technologies of those 

that do and those that do not maintain genetic links between mother and child,
6
 the con-

trast between maternal and paternal smoking effects,
8
 and sibling studies.

9-11
 

 Nevertheless, there is still a need for studies with better confounders control and sib-

ling studies, especially with identification of full and half-siblings may be a feasible 

design here. Full siblings share 50% of their genes, whereas e.g. maternal half-sibling 

share only 25% all from their mother. It follows that control for genetic mediation will 

be less in the latter case but that the fetal environment and contribution by maternal 

genes will be similar.  

 The study we report here assessed ADHD by a combination of diagnoses in the Hos-

pital Discharge Register and the Register on ADHD medication from the Register of 

Medicinal Product Statistics. We had prospective information on prenatal maternal 

smoking from 1991 onwards (more detailed from 1996 onwards), and we were able to 

contrast full and half-siblings by using a large population-based source population. 
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4.2. Methods 

4.2.1. Setting 

 Denmark maintains a mandatory registration of all births in the Medical Birth Regis-

ter.12 By using the unique personal identification number assigned to all residents in 

Denmark, we linked all live births born from 1991 to 2006 with data from the Hospital 

Discharge Register13 including all inpatient (established in 1977) and all outpatient 

visits (established in 1995). Registration is mandatory for all inpatient care in public and 

private hospitals as well as for all outpatient visits in public hospitals. All diagnoses 

were reported using the International Classification of Diseases, 10th version (ICD-

10).14 We also used information on ADHD medication from the Register of Medicinal 

Product Statistics.15 Parents and children are linked in the Civil Registration System.16 

The Danish data protection agency approved the study (J.nr. 2008-41-2663). 

 

4.2.2. Cohort Definition 

 We identified a total of 1,074,111 singletons born between January 1, 1991 and De-

cember 31, 2006 from the Medical Birth Register.
12

 We excluded 1673 children who 

died before January 1, 2011. We further excluded 103,773 (11%) with missing smoking 

information, leaving 968,665 available for analysis. Of these, 12,812 children fulfilled 

ICD-10 diagnostic criteria, 7573 received ADHD medication without being registered 

with an ADHD diagnosis, and out of these 4569 had received ADHD medication for at 

least half a year. There were 20,385 children who either fulfilled ICD-10 diagnostic 

criteria or received ADHD medication. Restricting to those who received ADHD medi-

cation for at least half a year we end up with 17,381 children.  

A total of 587,130 participating women contributed with an average of 1.82 children to 

the entire cohort, with 223,587 having one, 269,681 having two, and 93,862 having 

three or more singletons. 

 

4.2.3. Exposure Information 

 Antenatal care in Denmark is free-of-charge and offered to all pregnant women. The 

care in low risk pregnancy includes approximately 10 antenatal visits to their general 
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practitioner and midwife. The data on maternal smoking were provided by the pregnant 

women to their general practitioner and registered by the midwives at birth and subse-

quently archived in the Medical Birth Register. During the period from 1991 to 1995, 

women were categorised as non-smokers or smokers. From 1996 onwards the smoking 

information includes average number of cigarettes and whether the pregnant woman 

stopped smoking during the first trimester of pregnancy. 

 

4.2.4. Outcome Definition 

 We identified children with ADHD using a combination of the ICD-10 diagnosis for 

HKD (hyperkinetic disorder) and prescription of ADHD medicine. We included the 

children's entries in the Hospital Discharge Register until January 1, 2011, using ICD-

10 diagnoses to identify children with HKD including hyperkinetic disorder (F90.0), 

hyperkinetic conduct disorder (F90.1), or other hyperkinetic disorder (F90.8 and F90.9).  

 Information on ADHD medication was obtained from the Register of Medicinal 

Product Statistics until January 1, 2012.
15

 All Danish residents get subsided medicine 

for most physician-prescribed drugs, including ADHD medication: N06BA04 (central 

stimulating drug only methylphnidate), N06BA09 (Noradrenalin reuptake inhibitors, 

Atomoxetin), and N06BA07 (Modafinil). The first ADHD medication is defined when a 

child received any of the above medications after three years of age. 

 We a priori decided to focus on the definition of ADHD including children with the 

ICD-10 diagnosis or prescription of ADHD medication for at least half a year. We fur-

ther performed the analyses using the following two alternative definitions 1) children 

with the ICD-10 diagnosis or 2) the ICD-10 diagnosis or ADHD medication. We ex-

pected association to be highest for the hospitalized cases since false positives are less 

likely for this group. 

 

4.2.5. Statistical Analyses 

 To control for differences in length of follow up time we used the Cox regression 

analysis, with child age as the primary time scale. The follow-up started when the child 

was three years of age and ended at the date of receiving a HKD diagnosis or an ADHD 

medication, emigration, or the end of follow-up (January 1, 2011), whichever came 

first. To control for the increasing incidence of ADHD over study time, we adjusted for 
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each year of birth as a categorical variable (1991-2006). We further a priori decided to 

adjust for child sex, maternal age and parity. Hazard Ratios (HR) are presented with 

95% confidence intervals (CI). Our analytic strategy was to analyze the study popula-

tion using regular cohort analyses and then to compare these results with sibling-

matched analyses. Sibling-matched analyses provide internal comparison within fami-

lies. The analyses were performed using STATA 11.1. 

 

4.2.5.1. Population Cohort Analyses 

 Because most women contributed to the cohort with more than one child, we used 

robust standard errors to adjust the confidence intervals (declaring each of the sibling 

pairs to be a cluster).  

 

4.2.5.2. Sibling-Matched Analyses 

 We performed sibling-matched analyses to control for shared genetic and social con-

founding. We used stratified Cox regression with a separate stratum for each family 

identified by the mothers and fathers encrypted identification number. Full siblings 

were defined as children with same mother and father and maternal half-siblings were 

defined as children with the same mother but with different fathers.  

 In the stratified Cox regression model, each family has its own baseline rate function 

reflecting the family’s shared genetic and social factors. The exposure comparisons, 

smoking versus non-smoking, are thus made within the family. We controlled for the 

same factors as in the cohort analyses. The stratified Cox regression model is an exten-

sion of the paired binomial model, taking into account the differences in follow-up time. 

Thus only sibling pairs discordant for smoking as well as ADHD were ‘informative’, 

i.e. contributed information to the estimates. Indeed, to be informative, the sibling with-

out ADHD should have at least as long a follow-up time as the sibling with ADHD.  

 To evaluate the sibling design, we used low birth weight to see if the model would 

identify the well-established effect of smoking on low birth weight.
17, 18
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4.3. Results 

 The cohort characteristics are shown in Table 1. A total of 17,381 children had either 

an ICD-10 diagnosis of HKD and/or a prescription of ADHD medication for at least 

half a year. The median follow-up time was 9 years (range: 0-17 years). In Table 2 we 

compared results of the conventional cohort design with different sibling sex combina-

tions using the full cohort with dichotomized smoking information. In the full cohort we 

found that children exposed to maternal smoking in pregnancy had about twice the risk 

of ADHD, whereas the sibling analyses showed no significant association between 

smoking and ADHD. Overall we found quite similar results for all sex combinations. 

There was no difference between the results of the half- and full sibling analyses. 

 Using the younger part of the cohort born from 1996 to 2006 where detailed smoking 

information was available, we found a dose response association in the conventional 

cohort analyses but no association in the sibling analyses (Table 3). There was no sig-

nificant difference between the half- and full sibling analyses. 

 Testing the association between smoking and low birth weight (Table 4) we found a 

reduction but still a strong association with an adjusted OR of 1.68 (95% CI 1.33-2.12) 

in the sibling analyses. 

 We finally repeated the ADHD analyses using the two alternative definitions of 

ADHD. Results are available upon request. 

4.4. Discussion 

 Using the entire Danish birth population from a 15-year period, we found that in the 

cohort analysis that did not use the sibling comparisons, children prenatally exposed to 

maternal smoking had twice the risk of ADHD in children of non-smokers. This finding 

is in line with previous studies. When making internal comparison within families much 

of this association disappeared. These findings are in line with recent studies that used 

similar methods but used alone ICD diagnoses or medication respectively as indicator 

of ADHD.
9-11

 We have recently reported that there is a stronger correlation of maternal 

than paternal smoking with offspring ADHD diagnosis as well as behaviour, indicating 

genetic confounding may be present.
19

 We have also shown that women using nicotine 
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replacement had nearly the same risk as smokers. The most likely explanation of the 

finding of these studies is the strong linkage between nicotine dependency and ADHD 

in these women, as smoking may be used in self-treatment of ADHD. We find similar 

results when comparing maternal half- and full siblings suggesting that maternal genetic 

or shared family environmental confounding can explain the consistent statistical asso-

ciation found in unmatched cohort analyses. We did unfortunately not have the smoking 

information of the fathers or could perform the analyses of paternal half-siblings.     

 Our study corroborated an effect of prenatal smoking exposure in reducing birth 

weight, in line with experimental animal models. Our study advances knowledge, how-

ever, in three major respects. 

 First, it is based on a national, complete population-based cohort using established 

diagnostic criteria of clinical examinations from specialised departments within the pub-

lic health services as well as medication records. We had almost complete follow-up 

data with little risk of selection bias, and our data came from concurrently registered 

information rather than retrospective reports. It is possible that our sibling results are 

biased by differential misclassification of ADHD. Although children’s care is universal-

ly available, publicly financed and organised in Denmark, we know that diagnosing 

ADHD is not perfect and a family occurrence may increase the diagnostic sensitivity. It 

is, however, unlikely that the threshold for admission to hospital clinics is related to the 

prenatal smoking, especially when siblings are compared. 

 We had similar findings for full siblings and half-siblings suggesting that the statisti-

cal association between maternal smoking and ADHD is predominantly linked to ma-

ternal genetics or family environment. We included birth weight as a proof of sibling 

comparison models for testing the prenatal smoking effect on a well-established out-

come, because animal models, as well as human studies, have all shown an effect of 

smoking exposure.
17, 18

 Thus, our confirmation within the matched sibling design pro-

vided well support of the method. 

 There are limitations to the sibling design that should be mentioned. The strict con-

trol for shared family factors limits the analyses to a quite small subset of the popula-

tion, namely those women who managed to change smoking habits from one pregnancy 

to another and further had a strong genetic component for ADHD in the family. Despite 
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the obvious limitation in extrapolation to all smokers, it may however from a public 

health point of view be the most interesting group to focus on.  

 By using a HKD diagnosis as well as ADHD medication to define ADHD cases, we 

believe that we identified the majority of the most severe phenotypes. A HKD diagnosis 

requires hyperactivity and impulsivity as well as inattention in at least two settings and 

is close to the DSM-IV ADHD-combined diagnosis. Although the Danish Hospital Dis-

charge Register contains complete information for inpatient- as well as outpatient con-

tacts in the public health system, we have a parallel also tax financed system of psychia-

trists working outside the hospital system, who are not obliged to register diagnoses 

centrally. As a consequence some children may remain unrecognized in the registers of 

diagnosis and thus diagnosed and treated without contact to the hospital system. We 

could identify those who received ADHD medication, but had no chance to identify 

non-medicated children diagnosed outside the hospital system. 

 Differences in referral, which in conventional cohort studies may lead to bias, are 

less likely to do so in a sibling design, because this bias is likely to be linked to the fam-

ilies. However, it is possible that a diagnosis given to a child will make it more likely 

that an undiagnosed sibling with the disorder will be diagnosed. Further, ADHD is not 

well defined and far from all with the disease are diagnosed. A case in the family will 

also probably lower the threshold for diagnosing another. In the sibling design this 

would generate fewer discordant pairs, but if linked to smoking it would attenuate the 

estimate. 

 Our results suggest that previous reports may have found an association between 

pregnancy smoking and ADHD, because they have not been able to control for shared 

family factors, including genetic factors for ADHD. Based on women who were able to 

change smoking status between pregnancies, we found no association between prenatal 

smoking and ADHD. Pregnant women should still be encouraged to stop smoking be-

cause of other risks, but there is no indication that this would reduce the risk of ADHD 

in the offspring. 
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Table 1: Sample Description 

N(total) n(HKD) Per 1000 n(smoking) Smoking %

Total sample 968665 17381 17.9 234178 24.2

Birth year 1991-1994 240660 5559 23.1 76231 31.7

1995-1999 305540 7320 24.0 77324 25.3

2000-2004 302178 4295 14.2 61169 20.2

2005-2006 120287 207 1.7 19454 16.2

Sex Boys 496943 13524 27.2 120265 24.2

Girls 471722 3857 8.2 113913 24.1

Maternal age <21 24583 1051 42.8 10791 43.9

21-25 158950 4373 27.5 52397 33.0

26-30 376886 6507 17.3 84909 22.5

31-35 295159 3967 13.4 61085 20.7

36+ 113087 1483 13.1 24996 22.1

Preterm <37 weeks 44082 1189 27.0 13564 30.8

37+ weeks 919220 16054 17.5 219109 23.8

Missing 5363 138 25.7 1505 28.1

Parity 1 223675 4100 18.3 65272 29.2

2 485186 8669 17.9 111111 22.9

3 201418 3582 17.8 44284 22.0

4+ 58386 1030 17.6 13511 23.1

Birth weight <2500 grams 32600 976 29.9 13424 41.2

2500+ grams 931026 16302 17.5 219585 23.6

Missing 5039 103 20.4 1169 23.2
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Table 2: Hazard Ratio - ADHD defined by diagnosis or medicine (min 6 months) 

 

Notes: *Adjusted for sex, birth year, parity, mother's age. 

N

Full cohort

All 968665 2.006 (1.94 ; 2.07) 2.008 (1.94 ; 2.07)

Boys 496943 1.978 (1.91 ; 2.05) 1.975 (1.91 ; 2.05)

Girls 471722 2.124 (1.99 ; 2.27) 2.123 (1.99 ; 2.27)

Sibling analysis

All siblings

All 684042 0.967 (0.87 ; 1.08) 1.072 (0.94 ; 1.22)

Boys 148840 1.006 (0.82 ; 1.23) 1.075 (0.87 ; 1.32)

Girls 132227 1.151 (0.78 ; 1.70) 1.191 (0.77 ; 1.84)

Mixed 402975 0.926 (0.80 ; 1.07) 0.994 (0.86 ; 1.15)

Full siblings

All 619812 0.972 (0.86 ; 1.10) 1.108 (0.96 ; 1.28)

Boys 134640 1.056 (0.84 ; 1.32) 1.160 (0.92 ; 1.47)

Girls 119366 1.289 (0.83 ; 2.00) 1.330 (0.82 ; 2.15)

Mixed 365806 0.894 (0.76 ; 1.05) 1.004 (0.85 ; 1.19)

Half-siblings

All 75026 0.982 (0.78 ; 1.24) 0.961 (0.75 ; 1.24)

Boys 15322 0.918 (0.59 ; 1.43) 0.843 (0.52 ; 1.36)

Girls 13769 0.750 (0.32 ; 1.78) 0.875 (0.30 ; 2.58)

Mixed 45935 1.044 (0.78 ; 1.40) 1.044 (0.76 ; 1.43)

HR crude HR adjusted*
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Table 3: Hazard ratio - By smoking dose 

 

Notes: *Adjusted for sex, birth year, parity, mother's age. 

 

Smoking dose

Full cohort

Nonsmoker

Quitted during first trimester 1.811 (1.56 ; 2.11) 1.614 (1.39 ; 1.88)

Smokers 2.343 (2.24 ; 2.45) 2.190 (2.09 ; 2.29)

Nonsmoker

1-10 cig/day 2.067 (1.96 ; 2.18) 1.916 (1.81 ; 2.02)

10+ cig/day 2.902 (2.73 ; 3.09) 2.767 (2.60 ; 2.95)

Sibling analysis

All siblings

Nonsmoker

Quitted during first trimester 1.112 (0.74  ; 1.66) 1.018 (0.65 ; 1.59)

Smokers 1.046 (0.83 ; 1.32) 1.078 (0.83 ; 1.40)

Nonsmoker

1-10 cig/day 1.030 (0.81 ; 1.31) 1.065 (0.81 ; 1.40)

10+ cig/day 0.999 (0.74 ; 1.35) 1.082 (0.77 ; 1.51)

Full siblings

Nonsmoker

Quitted during first trimester 1.224 (0.79 ; 1.91) 1.093 (0.67 ; 1.78)

Smokers 1.086 (0.83 ; 1.41) 1.173 (0.87 ; 1.58)

Nonsmoker

1-10 cig/day 1.076 (0.82 ; 1.42) 1.172 (0.86 ; 1.60)

10+ cig/day 0.953 (0.67 ; 1.35) 1.076 (0.72 ; 1.61)

Maternal half siblings

Nonsmoker

Quitted during first trimester 0.859 (0.32 ; 2.32) 0.961 (0.31 ; 2.96)

Smokers 1.010 (0.60 ; 1.71) 0.900 (0.50 ; 1.62)

Nonsmoker

1-10 cig/day 0.971 (0.56 ; 1.68) 0.865 (0.47 ; 1.59)

10+ cig/day 1.120 (0.60 ; 2.07) 1.029 (0.51 ; 2.06)

ref. ref.

ref. ref.

ref. ref.

ref. ref.

ref. ref.

HR crude HR adjusted*

ref. ref.

ref. ref.

ref. ref.
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Table 4. Birth weight - Odd Ratio - By exposure to maternal smoking 

 

Notes: *Adjusted for gestational age. **Adjusted for gestational age, sex, birth year, parity, mother's age. 

Low birth weight is defined as weight below 2,500 grams. 

 

 

 

Smoking dose

Full cohort

Nonsmoker

Quitted during first trimester 1.019 (0.87 ; 1.19) 0.958 (0.82 ; 1.12)

Smokers 2.674 (2.57 ; 2.79) 2.600 (2.49 ; 2.71)

Nonsmoker

1-10 cig/day 2.380 (2.27 ; 2.50) 2.305 (2.19 ; 2.42)

10+ cig/day 3.337 (3.14 ; 3.55) 3.279 (3.08 ; 3.49)

Sibling analysis

All siblings

Nonsmoker

Quitted during first trimester 0.913 (0.57 ; 1.46) 0.905 (0.56 ; 1.47)

Smokers 1.773 (1.41 ; 2.23) 1.679 (1.33 ; 2.12)

Nonsmoker

1-10 cig/day 1.772 (1.40 ; 2.24) 1.647 (1.30 ; 2.09)

10+ cig/day 1.830 (1.37 ; 2.45) 1.852 (1.37 ; 2.50)

Full siblings

Nonsmoker

Quitted during first trimester 0.900 (0.54 ; 1.51) 0.869 (0.51 ; 1.47)

Smokers 1.777 (1.38 ; 2.29) 1.657 (1.28 ; 2.15)

Nonsmoker

1-10 cig/day 1.759 (1.36 ; 2.27) 1.620 (1.24 ; 2.11)

10+ cig/day 1.825 (1.31 ; 2.55) 1.777 (1.26 ; 2.51)

Maternal half siblings

Nonsmoker

Quitted during first trimester 1.101 (0.33 ; 3.73) 0.905 (0.26 ; 3.16)

Smokers 1.694 (0.97 ; 2.95) 1.580 (0.89 ; 2.81)

Nonsmoker

1-10 cig/day 1.724 (0.98 ; 3.05) 1.541 (0.86 ; 2.78)

10+ cig/day 1.832 (0.96 ; 3.50) 1.879 (0.96 ; 3.68)

OR crude* OR adjusted**

ref. ref.

ref. ref.

ref. ref.

ref. ref.

ref. ref.

ref. ref.

ref. ref.

ref. ref.
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