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Summary

This dissertation consists of three self-contained chapters on the determinants of early socioeconomic

(SES) inequalities and health. A growing body of evidence identifies early ages as a crucial point in

children’s future development and accumulation of human capital (Cunha & Heckman, 2007; Heckman,

2007b). Not only does this evidence emphasize the importance of understanding determinants of young

children’s outcomes, but it also suggests that policy interventions aimed at reducing inequalities may

benefit by targeting young children.

The first two chapters focus on early SES inequalities. While they are descriptive in nature, they

provide knowledge on the origins and development of SES gaps. Such knowledge is a crucial first step

in designing policy interventions that may prevent future inequalities.

In the third chapter, I shift my focus to one particular determinant of children’s (and mothers’) health:

early medical interventions. Specifically, I evaluate whether earlier routine induction affects mother and

child health. Identifying causal effects of such early medical interventions is not only important for

children’s future development, but is also essential when determining how to best allocate limited public

resources.

The first chapter “Parent Involvement, Socioeconomic Status and Reading Performance”1 investigates

whether the quality of parent-child interactions mediate the relationship between parents’ SES and chil-

dren’s performance in reading tests. This chapter is written in collaboration with Simon Calmar An-

dersen, Helena Skyt Nielsen, and Mette Kjærgaard Thomsen. We use a unique dataset of videotaped

parent-child interactions combined with register data. The videos attempt to resemble a homework sit-

uation by letting the second grade child work on a difficult reading task. Drawing on psychological

research based on self-determination (Deci & Ryan, 1987) and mindset theories (Dweck, 2006), we use

Moorman & Pomerantz (2010)’ measures of constructive and unconstructive parental involvement to

conduct a detailed investigation of differences in the quality of parent-child interactions.

First, we find that low SES parents exert more of both types of involvement. Controlling for a mea-

sure of children’s reading skill, the SES gap in unconstructive involvement remained strong and statisti-

cally significant. Then, we show that parental involvement is a stronger predictor of children’s reading

performance than our measure of children’s prior reading skill. Both measures of parental involvement

are negatively associated with children’s reading performance. Formally, we find that parental uncon-

structive involvement may be a mediator of the SES gap in children’s reading performance. While our

1Publiced in Scandinavian Journal of Educational Research.
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results are consistent with an interpretation that too much parental involvement is not beneficial for

children’s reading performance, results are only correlational. Moreover, other types of parental in-

volvement than those studied here may be important for children’s reading performance. Nevertheless,

our results expands on the existing literature by showing that SES differences in parental time spending

also include how parents involve with their child during a developmental task.

My second chapter “The Development of Infant Health Inequality” documents the development of infant

health inequality in the years 1982-2010, and then relates the development to changes in parents’ observ-

able characteristics. Infant health inequality may hold an important prognosis for future SES inequalities

as infant health is an important predictor of future outcomes (e.g. Currie, 2011). Yet, few studies consider

the development of infant health inequality while also relating it to changes in observable characteris-

tics. Existing studies have focused on the US (e.g. Lin, 2009), a country with an institutional setting

fundamentally different from Denmark regarding access to and costs of health care.

I document a closing SES gap in low birth weight and preterm birth across parents income rank. The

gap in infant mortality is decreasing, but statistically indifferent. In absolute terms, the risk of infant

mortality has decreased for all parts of the income distribution, which, undoubtedly, is a positive devel-

opment in an equalitarian perspective. Next, I relate the observed development to changes in parents’

characteristics by using DiNardo et al. (1996)’s decomposition method. Even though the results of the

decomposition analysis are non-causal, they provide insights about potential mechanisms. Following

the literature, results are considered to descriptively show how much of the observed development can

be explained by the considered characteristics. A key explanation for the reduction in LBW and preterm

birth is a growing number of multiple births, most likely a result of the introduction and increasing use

of fertility treatments. A reduction in smoking was also important for the reduction observed in recent

years, whereas higher age at parenthood could explain a smaller part of the reduction in LBW inequal-

ity. Changes in parents’ observable characteristics did not explain changes in infant mortality inequality

very well.

My third chapter “Effects of Inducing Post-date Pregnancies on Mother and Child Health” investigates how

earlier routine induction affects mother and child health. Different obstetric societies disagree whether

it is beneficial for mother and child to routinely induce labour before two weeks after the expected due

date. The existing literature shows mixed results (e.g Rydahl et al., 2019b), and generally fails to consider

longer run effects.

I exploit the introduction of new obstetric guidelines implemented in Denmark in 2011 as exogenous

variation. The new guidelines moved routine induction forward to 10-13 days past due date instead of

14 days past due date. Additionally, they introduced extended antenatal surveillance from 7 days past

expected due date. Using a difference-in-difference design, I compare both mothers going at least 10

days past due date as well as mothers going 7-9 past due date with a control group of mothers going

3-6 days past due date. As intended, the new guidelines increased the rate of induction significantly

for mothers going at least 10 or 7-9 days past due date relative to the control group. Yet, measures of

child and mother health are largely unaffected, both in the short and longer run. Results are robust to
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using a different control group, controlling for specific risk factors and adjusting for multiple hypothesis

testing. The increase in the induction rate is especially pronounced among low educated women, but

health outcomes remain unaffected. The lack of positive results suggests that routine induction before

two weeks past due date may not be beneficial for mother and child, and that limited hospital resources

may be better spent elsewhere.
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Dansk Resumé

Denne afhandling består af tre selvstændige kapitler omkring faktorer, der påvirker socioøkonomiske

uligheder og sundhed tidligt i livet. En voksende evidens peger netop på de tidlige alderstrin som

særligt afgørende for børns videre udvikling og akkumulering af human kapital (Cunha & Heckman,

2007; Heckman, 2007b). Denne evidens understreger ikke blot vigtigheden af at forstå børns tidlige

udfald, men den indikerer også, at politiske interventioner, der har til formål at mindske uligheden,

med fordel kan målrettes mod yngre børn.

De to første kapitler fokuserer på tidlige socioøkonomiske forskelle. Selvom de er af deskriptiv

karakter, så bidrager de med en viden omkring oprindelsen og udviklingen af socioøkonomiske forskelle.

Denne viden er et afgørende første skridt hen i mod at kunne designe politiske interventioner, der kan

forebygge fremtidige uligheder.

I det tredje kapitel retter jeg fokus mod en af de faktorer, som kan påvirke børn (og mødres) sundhed:

tidlige medicinske interventioner. Specifikt evaluerer jeg, hvorvidt tidligere rutinemæssig igangsæt-

telse af fødsler påvirker mor og barns sundhed. Identificering af kausale effekter af sådanne tidlige

medicinske interventioner er ikke kun vigtig i forhold til barnets fremtidige udvikling, det er også es-

sentielt for at kunne allokere begrænsede offentlige ressourcer bedst muligt.

Det første kapitel “Parent Involvement, Socioeconomic Status and Reading Performance”2 undersøger

hvorvidt kvaliteten af forældre-barn interaktioner medierer sammenhængen mellem forældres socioøko-

nomiske status og børns præstation i tests af læsefærdigheder. Dette kapitel er skrevet i samarbejde

med Simon Calmar Andersen, Helena Skyt Nielsen og Mette Kjærgaard Thomsen. Vi bruger et unikt

datasæt, som kombinerer videooptagelser af forældre-børn interaktioner med registerdata. Videoerne

forsøger at genskabe en situation, hvor der læses lektier, ved at lade andenklasses barnet arbejde på en

svær læseopgave. Vi trækker på psykologisk forskning baseret på teorier omkring “self-determination”

(Deci & Ryan, 1987) og “mindset” (Dweck, 2006) og bruger Moorman & Pomerantz (2010)’s mål for kon-

struktiv og ikke-konstruktiv involvering til at lave en detaljeret undersøgelse af forskelle i kvaliteten af

forældre-barn interaktioner.

For det første, så finder vi, at forældre med lav socioøkonomisk baggrund udøver mere af begge

typer af involvering. Når vi kontrollerer for barnets læsefærdigheder, så forbliver den socioøkonomiske

forskel i ikke-konstruktiv involvering stærk og statistisk signifikant. Herefter viser vi, at forældres

involvering er en stærkere prædiktor af børns læsepræstation end vores mål for børns tidligere læse-

2Publiceret i Scandinavian Journal of Educational Research.
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færdigheder. Begge mål for forældres involvering er negativt associeret med børns læsepræstationer.

Formelt set finder vi, at forældres ikke-konstruktive involvering kan være en mediator af den socioøko-

nomiske forskel i børns læsepræstationer. Selvom vores resultater er konsistente med fortolkningen, at

for meget forældreinvolvering ikke er fordelagtig for børns læsepræsentationer, så er vores resultater

kun korrelative. Herudover, så kan andre typer af forældreinvolvering end dem, som her er undersøgt,

have betydning for børns læsepræstationer. Ikke desto mindre, så udvider vi den eksisterende litteratur

ved at vise, at socioøkonomiske forskelle i forældres tidsbrug også inkluderer forældres involvering med

barnet, mens det arbejder med en udviklingsfremmende opgave.

Det andet kapitel “The Development of Infant Health Inequality” dokumenterer udviklingen af ulighed i

nyfødtes sundhed gennem årene 1982-2010, hvorefter det relaterer udviklingen til ændringer i forældres

observerbare karakteristika. Ulighed i nyfødtes sundhed kan være en vigtig prognose for fremtidige

socioøkonomiske uligheder, da sundhed ved fødslen er en vigtig prædiktor for fremtidige udfald (fx

Currie, 2011). Dog er der få studier, som både betragter udviklingen af ulighed i nyfødtes sundhed og

samtidig relaterer den til ændringer i forældres observerbare karakteristika. Eksisterende studier har

fokuseret på USA (fx Lin, 2009), et land som institutionelt set er grundlæggende forskellig fra Danmark

med hensyn til adgangen til og prisen for sundhedsydelser.

Jeg dokumenterer en faldende forskel i lav fødselsvægt og for tidlig fødsel på tværs af forældres

indkomstrank. Forskellen i nyfødtes dødelighed er faldende, men statistisk set uændret. I absolutte

termer, så er risikoen for nyfødtes dødelighed faldende for alle dele af indkomstfordelingen, hvilket ut-

vivlsomt må ses som en positiv udvikling i et egalitært perspektiv. Derefter relaterer jeg den observerede

udvikling til ændringer i forældres karakteristika ved brug af DiNardo et al. (1996)’s dekompositions-

metode. Selvom resultaterne af dekompositionsanalysen ikke er kausale, så giver de en idé omkring

potentielle mekanismer. Jeg lægger mig op ad litteraturen ved at fortolke resultaterne sådan, at de kan

redegøre for hvilke faktorer, der deskriptivt kan forklare den observerede udvikling. Et stigende antal

flerfoldsfødsler er en afgørende forklaring for den faldende socioøkonomiske ulighed observeret for lav

fødselsvægt og for tidligt fødsel, hvilket sandsynligvis er et resultat af introduktionen samt en stigende

brug af fertilitetsbehandlinger. Et fald i rygning var også vigtig for at kunne forklare et fald i uligheden

i senere år, mens at en stigende alder ved fødslen kunne forklare en mindre del af reduktionen i ulighe-

den i lav fødselsvægt. Ændringer i forældres observerbare karakteristika kunne ikke forklare ændringer

i uligheden i nyfødtes dødelighed særligt godt.

Mit tredje kapitel “Effects of Inducing Post-date Pregnancies on Mother and Child Health” undersøger,

hvordan tidligere rutinemæssig igangsættelse påvirker mor og barns sundhed. For- skellige obstetriske

samfund er uenige omkring, hvorvidt det er fordelagtigt for mor og barn at igangsætte fødsler før to

uger efter den forventede terminsdato. Den eksisterende litteratur finder blandede resultater (Rydahl

et al., 2019b), og generelt set så har den undladt at betragte effekter på længere sigt.

Jeg udnytter introduktionen af nye obstetriske retningslinjer implementeret i Danmark i 2011 som

eksogen variation. De nye retningslinjer rykkede rutinemæssigt igangsættelse frem til 10-13 dage efter

terminsdatoen frem for 14 dage efter. Herudover, så introducerede de udvidet overvågning af fosteret
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fra 7 dage efter den forventede terminsdato. Jeg bruger et “difference-in-difference” design til at sam-

menligne både mødre, som går minimum 10 dage over terminsdatoen, samt mødre, der går 7-9 dage

over terminsdatoen, med en kontrolgruppe af mødre, som går 3-6 dage over terminsdatoen. De nye ret-

ningslinjer virkede efter hensigten. Relativt til kontrolgruppen, så øgede de nye retningslinjer igangsæt-

telsesraten signifikant for mødre der går mindst 10 dage eller 7-9 dage over terminen. Imidlertid er

forskellige mål for mor og barns sundhed stort set uændrede på kort og længere sigt. Resultaterne er

robuste når der bruges en anden kontrolgruppe, når der kontrolleres for specifikke risikofaktorer, samt

når der justeres for at teste multiple hypoteser. Stigningen i igangsættelsesraten er særligt udtalt for lavt

uddannede kvinder, men sundhedsudfaldene forbliver upåvirkede. Udeblivelsen af positive effekter

indikerer at rutinemæssig igangsættelse før to uger efter terminsdatoen ikke gavner mor og barn, samt

at begrænsede hospitalsressourcer kan udnyttes bedre andre steder.
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Chapter 1

Parent Involvement, Socioeconomic Status

and Reading Performance1

Simon Calmar Andersen†, Maria Koch Gregersen†, Helena Skyt Nielsen†

& Mette Kjærgaard Thomsen‡

†Aarhus University, Denmark, ‡University of Southern Denmark, Denmark

Abstract

The aim of this paper was to understand whether and to what extent parenting behaviors mediated

the association between parental socioeconomic status (SES) and 8-year old children’s reading perfor-

mance. The study used video recordings of parent-child interactions in Danish public schools while

the child was assigned a difficult reading task (N=122). Results showed that low-SES parents tended

to get involved in their children’s problem-solving activities in unconstructive ways and that this type

of involvement mediated one-third of the association between parental SES and reading performance

after controlling for prior measures of children’s academic skills. These results may have important

implications for understanding how parents can best assist – or not assist - children in developmental

activities such as homework tasks and for interventions aimed at increasing the quality of the time low

SES parents spend with their children.

Key words: Parent-child interactions; Socioeconomic inequality; Time use.

1Published in Scandinavian Journal of Educational Research.
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2 CHAPTER 1. PARENT INVOLVEMENT, SOCIOECONOMIC STATUS AND READING PERFORMANCE

1.1. Introduction
Differences in how parents’ level of education affect how they spend time with their children may be an

important component in understanding the continued low levels of upwards mobility observed in many

settings (Landersø & Heckman, 2017). Although the importance of the total amount of time parents

spend with their children is disputed (Kalil & Mayer, 2016; Nomaguchi et al., 2016; Waldfogel, 2016),

there seems to be a consensus that the quality of that time is crucial for children’s academic achievement

(Heckman & Mosso, 2014; Hsin & Felfe, 2014; Huston & Aronson, 2005). However, what constitutes

high-quality interaction with children, and, especially, how that differs between parents with different

socioeconomic status (SES), is much less certain.

Many studies on parental time use distinguish between developmental and non-developmental care in

order to account for the quality of parent–child interactions (Bonke, 2009; Sayer et al., 2004a; Stafford &

Yeung, 2005). Developmental care consists of activities that deliberately stimulate children‘s cognitive

skills such as talking, reading, teaching and playing with the child and is thus considered to be high-

quality interaction. In contrast, non-developmental care entails activities that fulfill more basic needs

associated with childcare or recreational activities. A number of time use studies have demonstrated

marked differences in the amount of developmental time parents of different educational levels spend

with their children (Guryan et al., 2008; Sayer et al., 2004b) and that this relates to children’s academic

performance (Bono et al., 2016a; Hsin & Felfe, 2014; Thomsen, 2015). However, simply encouraging par-

ents to spend time on developmental activities may be premature, because even during these activities,

differences in how parents interact with their children may be of great importance.

Fomby & Musick (2018) suggest that the effect of developmental activities may depend on the home

learning environment, including access to stimulating toys and games, shared meals and play, potential

punitive responses to bad report cards, and positive emotional support. Contrary to their expectations,

they did not find that the home learning environment moderates the impact of the time parents spent

with their children. Relatedly, Kalil et al. (2012) found that the relevant types of developmental activities

depend on the needs of children at different developmental stages.

A literature on parental involvement as reviewed by Pomerantz & Grolnick (2017) seem to have de-

veloped separately from research on parental time spent with children. Building on self-determination

theory (Deci & Ryan, 1987) and mindset theory (Dweck, 2006) research on parental involvement suggests

that “constructive” involvement motivates children to engage in learning and conveys the message that

practicing will enhance their abilities (Fei-Yin Ng et al., 2004; Moorman & Pomerantz, 2010). Construc-

tive involvement includes (a) mastery-oriented teaching, where parents focus on children practicing

rather than their performance. This focus may convey a growth mindset (Dweck, 2006) to the children

indicating that abilities are not fixed but can be improved by practicing (Moorman & Pomerantz, 2010);

(b) autonomy support, where parents let children decide how to approach the task, may enhance chil-

dren’s motivation (Deci & Ryan, 1987); and (c) positive affect, which is parents’ directed encouragement

and kindness towards their children. In contrast, “unconstructive” involvement is characterized by (a)

performance-oriented teaching; (b) control; and (c) negative affect. In a literature review, Pomerantz
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et al. (2007) showed that constructive modes of parental involvement during developmental activities

seemed to enhance children’s engagement and motivation for learning. In a meta-analysis, Vasquez

et al. (2016) showed that autonomy support was generally found to predict increased performance in

school, whereas Silinskas & Kikas (2019) further emphasize that key is the support as perceived by the

child. The literature on parent involvement is based on studies using a variety of different children’s

tasks (not only reading comprehension). Future research should examine whether parent involvement

matters differently for different types of tasks.

The aim of this paper was to understand whether and to what extent parenting behaviors mediate

the association between SES and children’s reading performance, as illustrated in Figure 1. To study this,

we used video recordings of parent-child interactions while the child was assigned a difficult reading

task (N=122) in a unique combination with detailed administrative data on the child’s performance in

reading tests about six months later, parents’ background information, and controlling for a measure

of child academic skills at the time of the video recordings. Specifically, we compare constructive and

unconstructive modes of parental involvement in order to examine how low and high SES parents en-

gage in each of them, and how they each predict the children’s reading performance. The overarching

research question is whether and to what extent constructive and unconstructive modes of involvement

mediate the association between SES and reading performance.

Figure 1: Conceptual Framework
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1.2. Materials and Methods
1.2.1. Sample and Data

The initial study population for this study consisted of 755 parents and 8-year old children enrolled

in second grade in the city of Aarhus in Denmark. The city has about 350,000 inhabitants. The study

population was recruited among Danish speaking families from 16 schools (40 classes) out of a total of

28 schools (72 classes) who participated in a large research project on reading in 2013/14 (for details see

Andersen & Nielsen, 2016). The families received an invitation by letter sent home by the Municipality

and Aarhus University. The letter stated that the aim of the project was to gain more knowledge about

how parents may help their children learn to read and that the parent and child had to participate in

some reading tasks while being video-taped. 126 families signed up to take part in the subproject using

videotape. Four videos could not be used leaving us with 122 recordings (16%).

Trained research assistants were in charge of the sessions, which took place in the children’s school

environment late in the afternoon in Sep-Oct 2013. The assistants followed a script to instruct the partici-

pating families before, during and after the tasks. Upon arrival, the parent and child were reminded that

the aim of the project was to help parents become better at reading with their child. The child had to do

the first task on their own, telling a story based on a wordless picture book. The first task was supposed

to make the parent and child feel comfortable in the situation and their behaviors were not coded. The

parents were told that they were allowed to help with the second and third tasks. Parents were not given

any further information about when and how to help their child. This was done in order to ensure that

parents were not induced to behave in a certain way.

The second and third tasks were reading tasks. The second task tested the child’s reading compre-

hension, as the child had to read a text and then find the right picture among four choices. The third

task consisted of a variety of smaller tasks from the national reading test in second grade, which are

designed to test children’s reading comprehension, language comprehension and decoding (Nandrup &

Beuchert-Pedersen, 2018; cf. the “simple model of reading”, Gough & Tunmer, 1986). These two types

of reading tasks were chosen because parents and children are familiar with such tasks. After having

completed the reading tasks the children were praised for their effort.

The difficulty level of tasks 2 and 3 increased as the child moved forward to ensure that the parent

had to work with the child on some of the tasks. The coding of behavior was initiated from the beginning

of the second task. The recordings of tasks 2 and 3 lasted roughly 20 minutes. They were divided into

intervals of 30 seconds, and then behavior within each interval was coded. Two coders double coded 35

of the videos. 11 videos were used to develop and fine-tune the coding scheme. 24 videos were used to

assess the inter-rater reliability (see results below).

We combined data from the video recordings with information on children’s reading and writing

skills and administrative records of parental background.

Table 1 shows descriptive statistics for our study population. Table A.1 shows additionally four

comparison groups. As one would expect, the sample was positively selected but there was still variation
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in child background. The sample was quite representative of natives in regular classes in Aarhus, but not

of the nationwide population. In our study population 34% of mothers had less than a college degree,

while among the mothers of native students in regular classes in Aarhus 46% had less than a college

degree compared to 57% in the nationwide population.

1.2.2. Measures

Parental Involvement. Following Moorman & Pomerantz (2010), we created two subscales for parental

involvement, constructive and unconstructive involvement, each of which consisted of three aspects (see

Figure 1; Fei-Yin Ng et al., 2004; Moorman & Pomerantz, 2008a).

Constructive involvement contained three aspects:

Mastery-oriented teaching. The extent to which the parent encouraged the child to master the core

principles of the task regardless of how he/she performed. This included such practices as teaching the

child steps to solve the problems and askhing guiding questions.

Autonomy support. The extent to which the parent encouraged or allowed the child´s initiative or

choice. This included practices such as permitting the child to complete the task on his/her own, waiting

for the child to correct his/her own mistakes and providing silent nods of approval without directly

expressing an opinion. The coders were told to be aware of whether the child requested that the parent

did not interfere.

Positive affect. Included encouragement and positive feedback. The parent could both express that

something was correct or that something was good. Warmth could also be expressed non-verbally, e.g.

if the parent put their arm around the child as a reaction to the child´s behavior.

Unconstructive involvement contained three aspects:

Performance-oriented teaching. The extent to which the parent told the child how to get the right an-

swer, regardless of whether he/she learned how to do the task. This included such practices as demon-

strating how to solve the problem but not teaching the child how to do so, and telling the child that an

answer was incorrect without providing a rationale.

Control. The extent to which the parent pressured the child in an intrusive manner, including at-

tempts to regulate the child´s behavior through such practices as directives, commands and orders and

taking over. The coders were told to be aware of whether the child requested that the parent took over

or provided assistance.

Negative affect. The extent to which the parent directed frustration, annoyance, hostility (could be

expressed non-verbally and verbally) toward the child. This included negative feedback.

Rating scale. All subdimensions were coded on a 5-point scale taking both frequency and intensity

of behavior into account (1 = extremely low intensity or never occurs; 5 = extremely high intensity or very

frequently occurs), see coding scheme in Table B.1. A type of behavior that only had a low frequency in an

interval could get a high score if this type of behavior showed a high degree of strength and/or duration.

Inter-rater reliability and validity. In accordance with similar studies coding behavior from videos,

gamma values were used as a measure of inter-rater reliability as recommended for ordinal data (Good-
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Table 1: Descriptive Statistics

N=122
Variable Mean SD
Child
Boy (1/0) 0.53
Children’s Age in 2013 8.11 0.34
Parent Assisting in the Video
Education<College (1/0) 0.33
Mom/Stepmom Assisted the Child(1/0)a 0.85
Child’s Home Environment
Low SES(1/0)b 0.19
Living with both Parents(1/0) 0.83
Parents’ Disp. Inc. in 1000 DKK (2012 prices) 614.96 310.11
Parents’ Disp. Inc.<30th Percentile(1/0) 0.16
Mom’s Education<College(1/0) 0.34
Dad’s Education<College(1/0) 0.48

Note: Table reports means and std.dev. Variables are measured in 2012. aIn few cases (≥5), stepmom
assisted the child. b’Low SES=1’ if at least two of the following conditions held true: (i) Assisting parent
had no college, ii) Parents’ Disp. Inc.<30th percentile, and (iii) Child did not live with both biological
parents.

man & Kruskal, 1972). The coding scheme was gradually developed until the two coders coded alike

both in terms of gamma values and in terms of the total number of disagreements. The remaining double

coded videos were coded following the procedure in Moorman and Pomerantz (2010), such that coders

met every second week to discuss all disagreements larger than one point. Gamma values were calcu-

lated for doubled coded videos after fine-tuning (24 videos in total) and were in the range 0.97-0.99, see

Table B.2.

To examine external validity of our measures, we computed the mean level for each parent and

constructed a correlation matrix, see Table B.3. The correlations of the subdimensions generally had

same signs (and reasonable magnitudes) compared to existing studies (Fei-Yin Ng et al., 2004; Moorman

& Pomerantz, 2008a). However, autonomy support correlated differently with the other subdimensions

compared to these studies. Autonomy Support is hard to measure in educational settings because it

requires that the child is self-regulated (Deci & Ryan, 1987), and we indeed observed little variation in

this subdimension (see Table 2).

Due to the magnitude of some of our correlations and the small sample size, results of the factor anal-

ysis should be interpreted with caution (Fabrigar et al., 1999). When we followed Moorman & Pomer-

antz (2010) and conducted a principal component factor analysis with a promax rotation, we found two

eigenvectors larger than one accounting for 62% of the total variation. Autonomy support loaded on the
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first factor together with performance-oriented teaching, control and negative affect, whereas mastery-

oriented teaching and positive affect loaded on the second factor (loadings were in the range .53-.90,

cross loadings were below the .40 cut-off). The two factors had a close to zero correlation (ρ=.02). This

analysis suggested that autonomy support behaved differently in our setup. In retrospect, we suspect

that it has been hard for coders to distinguish between no involvement and types of autonomy support

such as waiting for the child to correct his own mistakes and providing silent nods of approval. Omitting au-

tonomy support and running a principal axis factor analysis to reveal underlying latent structure gave

results in accordance with expectations (results are available upon request).

Calculation of parental involvement. Following Moorman & Pomerantz (2010), we calculated (i) a

composite score for parent involvement, (ii) two subscales for constructive and unconstructive involve-

ment, and (iii) scores for six (2x3) aspects (see Figure 1). The composite score and the two subscales were

calculated as averages of the underlying aspects. Excluding autonomy support from the analyses did

not change our results.

All measures of parental involvement were calculated both as a mean level and as a share of total

behaviour. The share of involvement measured the frequency without taking the intensity of behaviors

into account. The mean level assumed that the underlying behavior was continuous whereas the share

measure distinguished more strictly between the occurrence and absence of a certain type of behavior.

Table 2 summarizes types of parental involvement throughout the video session. Consistent with

Moorman & Pomerantz (2010), constructive involvement was more common (recorded in 74% of inter-

vals on average) than unconstructive involvement (27% of intervals). The two most frequent types of

involvement were mastery-oriented teaching (64%) and positive affect (39%), whereas the least frequent

type was negative affect (1%). The descriptive statistics of constructive and unconstructive involvement

were comparable with Moorman & Pomerantz (2010), even though they put parents under more pres-

sure by telling them that a task designed to be challenging for older children was age-appropriate and

that the child needed to get through the whole task in 15 minutes. We primarily present results using

the share of involvement. However, all analyses have been performed with both measures.

Parents’ SES. We measured low SES as a dummy equal to one if at least two out of the following three

conditions were met in 2012: (i) the assisting parent had no college education, (ii) the total disposable

income of parents was below the 30th percentile in the population of parents with a second grader in

Aarhus, (iii) the child did not live with both biological parents. The two first conditions were essentially

like Deckers et al. (forthcoming), but due to the high rate of single-parent households in Denmark

combined with high degree of involvement of fathers in broken families, we decided to use an alternative

income measure and added a third condition. We defined total disposable income as the sum of the

mother’s and father’s income, regardless of whether they lived together or not (like Humlum et al.,

2019). Disposable income was measured as a three year average over the years 2010-2012 using 2012

as the base year. Based on this definition, children living with a college educated single mother (e.g. a

nurse or a teacher) were only classified as low SES if the sum of parents’ incomes was also low.

In total 23 children were categorized as low SES (19%). As a robustness check, we considered the
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Table 2: Descriptive Statistics of Parents’ Involvement

N=122 Mean Levela Share
Involvement>1b

Variable Average SD Average
Any Involvement>1 - - .80
Constructive Involvement 1.51 0.22 .74
Mastery-Oriented Teaching 2.04 0.47 .64
Autonomy Support 1.02 0.04 .02
Positive Affect 1.47 0.28 .39
Unconstructive Involvement 1.14 0.16 .27
Performance-Oriented Teaching 1.24 0.25 .19
Control 1.16 0.31 .11
Negative Affect 1.01 0.03 .01

Note: Table shows descriptive statistics for the composite score for parental involvement as well as the two
subscales constructive and unconcstructive involvement and the underlying aspects (2x3). a’Mean Level’
refers to the average level of a certain type of involvement throughout the entire video session: 1=extremely
low intensity or never occurs; 5=extremely high intensity or very frequently occurs. b’Share Involvement>1’ refers
to the share of the 30 second intervals throughout the entire video session where the parent engaged in a
certain type of involvement.

three indicators for each condition (i)-(iii) as alternative measures of ‘disadvantage’. No college educa-

tion for the assisting parent classified 40 children as disadvantaged, whereas parents not living together

and disposable income below the 30th percentile classified 20 and 21 children.

Pre-test. As a measure of children’s initial academic skills, we used children’s scores on a writing task

measured in the beginning of the school year 2013/14. The writing task was scored on a scale ranging

from 0 to 36 using the Narrative Assessment Protocol (NAP) (Justice et al., 2010), which has recently been

validated as a measure of writing skills for children in primary school (Andersen et al., 2018); sample

mean 12.60 (SD 6.89). It was measured in the same period as the video sessions, but independently of

the video sessions. Justice et al. (2010) highlighted the importance of young children’s language abilities

in predicting later reading abilities and academic performance. This measure was available for 95 of the

children in the video sample; and an indicator variable was included for missing values.

Children’s Reading Performance. To measure reading performance half a year later, we used a

national reading test in spring 2014 that was mandatory for second graders. Nandrup & Beuchert-

Pedersen (2018) concluded that the test scores generally were valid and highly correlated with children’s

final exam marks in grade 9. A few students had missing test scores corresponding to normal rates of

absence. We use the population standardized test score; sample mean 0.56 (SD 0.91). The raw correlation

between the written NAP measure and the reading test score was 0.47 for the 95 children where both

measures were available.

Control variables. We include child’s gender, gender of the assisting parent and an indicator for late
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recording as control variables. ’Late-recording’ indicates that the video recording was taped shortly after

initialization of the first part of the large scale reading intervention, which this study was part of. The

variable may capture any potential effect on parents’ awareness of good reading practices.

1.3. Empirical Strategy
In the first part of our empirical analyses we examined how parents’ SES predicted their involvement by

using the following regression model estimated by OLS (and SUREG (Zellner, 1962) when considering

the different subdimensions separately):

ParentInvolvei = β0 + β1LowSESi + β2Std. Written NAPi + β3Missing NAPi + X iδ + εi (1.1)

where ParentInvolvei refers to the different measures of parents’ involvement, and X i is a vector of

the control variables described above.

In the second part of the analyses, we examined how parents’ SES and involvement predicted chil-

dren’s reading performance using the following model:

Std. reading Scoresi =β0 + β1LowSESi + β2Std. Written NAPi + β3Missing NAPi (1.2)

+ X iδ + Parent Involveiθ+ εi

where Parent Involvei is a vector of the parent involvement measures. Different subsets of the parent

involvement measures were included in different specifications. The model was estimated by OLS.

To assess whether parental involvement partially mediated the relationship between parental SES

and children’s reading performance in the national test, we used Baron & Kenny (1986)’s method. To test

whether the strength of the relationship between predictor and the outcome was reduced significantly

when the mediator was added, we evaluated Sobel (1982)’s test statistic against the bias-corrected 95%

bootstrap confidence interval as recommended by Shrout & Bolger (2002) for small samples. Analyses

were conducted in STATA.

1.4. Results
1.4.1. What Predicted Parental Involvement?

First, we examined how parents’ SES predicted their involvement and the different aspects of involve-

ment. In Table 3, Models 1-2, we see that low-SES parents got involved in 11 percentage point more

of the intervals than other parents even when controlling for the full vector of covariates. As expected

parents generally got involved less when their child had higher initial academic skills as measured by

the written NAP, though this was not statistically significant.
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Table 3: Parental Involvement

N=122 Involvement(%) Constructive(%) Unconstructive(%)
(1) (2) (3) (4) (5) (6)

Low SES(1/0) 13.88** 11.49** 7.16* 6.02 24.10** 17.19**
(3.00) (3.44) (3.35) (3.89) (6.45) (6.49)

Child is a Boy(1/0) 2.63 1.70 1.62 1.14 6.21† 3.37
(3.08) (3.13) (3.14) (3.25) (3.66) (3.34)

Std. Written NAP -3.07 -1.53 -9.18**
(1.94) (2.05) (2.21)

NAP Missing(1/0) 1.34 0.12 1.03
(4.06) (4.41) (4.61)

Mom/Stepmom(1/0) -1.42 -0.53 -0.71 -0.27 -3.25 -0.61
(4.86) (4.98) (4.94) (5.08) (5.24) (5.16)

Late Recording(1/0)a 3.45 3.05 4.85 4.70 -6.41† -7.33*
(3.17) (3.23) (3.26) (3.35) (3.38) (3.25)

Constant 75.79** 74.66** 71.43** 70.97** 23.97** 21.17**
(4.72) (4.96) (4.85) (5.05) (4.76) (4.91)

Mean % Involvement 79.62 74.47 27.16)
Adj. R-Squared .08 .09 .01 -.01 .22 .31
Chi-Squared 23.62** 31.88** 5.63 7.12 23.58** 42.69**

Note: Table shows OLS coefficient estimates. Bootstrapped standard errors in parentheses (1000 repeti-
tions). †p-value < .10 *p-value < .05 **p-value < .01 a’Late recording=1’ if the parent-child pairs were part
of the treatment group and the video recording was taped after the initialization of the first part of the
treatment.

Models 3-6 in Table 3 broke down the overall involvement into constructive and unconstructive in-

volvement. Parents with a low SES had a higher percentage of constructive involvement, but it was

not statistically significant when we controlled for children’s NAP score. Generally, we could not prop-

erly explain the variation in constructive involvement with our covariates. Looking at unconstructive

involvement, there were clear statistically significant differences across SES: parents with a low SES

had a higher percentage of unconstructive involvement. Additionally, children’s initial skills were also

strongly associated with less unconstructive involvement.

In Table 4 we regressed the subdimensions of involvement on covariates to see what types of be-

havior drove the differences across parental SES found in Table 3. The estimates were obtained using

a small sample version of SUREG, which yielded the same coefficient estimates as OLS but allowed

for correlation of error-terms within individuals across subdimensions by estimating the six equations

simultaneously (Zellner, 1962).

As expected, the results showed that low-SES parents were more involved in unconstructive ways:

performance-oriented teaching, control and negative affect. More surprisingly, they were also observed
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to provide more autonomy support, but because we worried we might not measure this dimension

correctly (as discussed earlier), this should not be given too much emphasis.

We obtained similar results when constructive and unconstructive involvement and the subdimen-

sions were measured as the standardized mean level rather than as a fraction of intervals characterized

by this type of involvement (results available on request). The only difference was that the SES differ-

ence in constructive involvement was no longer statistically significant in the specification excluding

the NAP measure. Interestingly, this indicated that low-SES parents must have had a lower intensity of

constructive involvement, when they did get involved in a constructive way.

Table 4: Parental Involvement - Subdimensions (%)

CONSTRUCTIVE UNCONSTRUCTIVE

N=122 Mastery
Oriented

Autonomy
Support

Positive
Affect

Performance
Oriented Control Negative

Affect
(1) (2) (3) (4) (5) (6)

Low SES(1/0) 4.41 1.60* -0.14 8.64* 13.10** 1.85**
(4.52) (0.75) (5.03) (3.77) (3.92) (0.69)

Child is a Boy(1/0) 3.11 1.12* -2.96 1.90 2.71 -0.00
(3.33) (0.55) (3.70) (2.77) (2.88) (0.51)

Std. Written NAP -3.74† 0.17 1.73 -5.74** -5.01** -0.32
(1.98) (0.33) (2.21) (1.66) (1.72) (0.30)

NAP Missing(1/0) 2.46 -0.52 0.95 4.48 -4.11 -0.83
(3.83) (0.64) (4.26) (3.19) (3.32) (0.58)

Mom/Stepmom(1/0) 1.85 0.53 3.12 3.50 -5.68 -0.73
(4.51) (0.75) (5.01) (3.76) (3.91) (0.69)

Late Recording(1/0)a 2.78 -0.15 4.63 -6.14* -2.54 -0.12
(3.57) (0.59) (3.97) (2.98) (3.10) (0.54)

Constant 56.74** 0.55 37.06** 11.88** 11.72** 1.51*
(4.62) (0.77) (5.13) (3.85) (4.01) (0.70)

Mean % Involvement 63.56 1.68 39.05 18.82 10.99 1.13
R-Squared .08 .11 .03 .27 .27 .12
F-Statistic 1.75 2.26 0.65 6.93** 7.02** 2.62†

Note: Table shows SUREG coefficient estimates to allow for correlations between the same individuals
across the different sub-dimensions. We use a small sample version of SUREG and the dfr-adjustment to
make estimates comparable with OLS. Standard errors in parentheses. †p-value < .10 *p-value < .05 **p-
value < .01 a’Late recording=1’ if the parent-child pairs were part of the treatment group and the video
recording was taped after the initialization of the first part of the treatment.
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1.4.2. Parental Involvement and Children’s Reading Performances

As a next step, we examined how parents’ SES and involvement predicted the reading performance of

their children. Results in Table 5 confirmed the existence of a strong SES gradient as found in other

studies: Children with low SES performed 0.82 of a standard deviation worse than children with high

SES (Model 1). Controlling for the measure for children’s prior skills reduced the coefficient slightly, but

it remained statistically significant (Model 2).

Model 3 showed that overall parental involvement negatively predicted the child’s reading score.

Model 4 showed that including parental involvement in the model reduced the coefficient for low SES

by 40% compared to Model 1. This was more than twice the reduction when including the NAP measure.

These results indicated that parental involvement could be a potential mechanism behind the strong SES

gradient in reading scores. This was further supported by the fact that overall parental involvement

was negatively correlated with children’s academic performance even when controlling for prior skills

(NAP) in Model 5.

In Table 6, we examined the two components of involvement separately. Models 1-2 were identical to

Models 1-2 in Table 5 and merely presented for comparison. As expected, unconstructive involvement

was negatively related to test scores (Model 3) and reduced the coefficient of low SES (Model 1 vs. 4)

substantially—about 40%— and more so than did constructive involvement (Model 1 vs. 7; 18%). Thus,

the reduction of the coefficient of low SES when including overall involvement was driven by uncon-

structive involvement. This result was consistent with the results in Table 3 showing that SES correlated

the most with unconstructive involvement. More surprisingly, we see that constructive involvement

was also negatively and significantly correlated with test scores (Model 6)—also when controlling for

parents’ SES and children’s skills (Model 8). One explanation could be that both types of parental in-

volvement were reactions to children’s low skills – in ways that are not accounted for by our measure of

prior writing skills. Yet, when including constructive involvement, our coefficient of the NAP score only

declined from 0.14 to 0.12 and the dummy for missing NAP score was statistically significant at the 10%

significance level. In comparison, the inclusion of unconstructive involvement reduced the coefficient of

NAP to 0.02 and both the NAP score and the dummy for missing NAP score were statistically insignifi-

cant. This suggests that constructive involvement was not strongly correlated with children’s skills, and

that the type of constructive parental involvement we studied was not so helpful for children’s reading

performance. However, it is still possible that constructive involvement is correlated with some dimen-

sions of children’s initial skills not captured by the NAP score but relevant for the national test and the

task. Remember that a part of the task was based on problems similar to the ones used in the national

test and it is thus likely that the task is more closely related to the national test than the NAP. We return

to the discussion of the interpretation.

In Table 7, the different subdimensions were included separately and simultaneously with our full

vector of control variables. All subdimensions were negatively associated with children’s reading per-

formance when included separately, but autonomy support and negative affect were not statistically

significant. Both these types of parental involvement showed only little variation (cf. Table 2), which
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Table 5: Std. Reading Score 2014

N=122a (1) (2) (3) (4) (5)
Low SES(1/0) -0.82** -0.69** -0.49* -0.41†

(0.24) (0.25) (0.21) (0.22)
Share Parental Involvement>1 -2.99** -2.51** -2.42**

(0.34) (0.35) (0.33)
Child is a Boy(1/0) -0.45** -0.41* -0.37** -0.35*

(0.15) (0.16) (0.14) (0.14)
Std. Written NAP 0.14* 0.08

(0.09) (0.08)
Missing NAP(1/0) -0.30 -0.26

(0.20) (0.16)
Mom/Stepmom(1/0) -0.02 -0.07 -0.05 -0.08

(0.20) (0.20) (0.17) (0.16)
Late Recording(1/0)b 0.18 0.21 0.25† 0.28*

(0.15) (0.14) (0.14) (0.13)
Constant 0.91** 0.95** 2.93** 2.80** 2.78**

(0.19) (0.19) (0.24) (0.27) (0.27)
Adj. R-Squared .22 .24 .31 .42 .43
Chi-Squaredc 39.44** 49.01** 78.08** 120.66** 120.50**

Note: Table shows OLS coefficient estimates. Bootstrapped standard errors in parentheses (1000 repeti-
tions). †p-value < .10 *p-value < .05 **p-value < .01 aA few children have missing test score (≥5). b’Late
recording=1’ if the parent-child pairs were part of the treatment group and the video recording was taped
after the initialization of the first part of the treatment. cBased on a Wald test using the replication based
covariance matrix from bootstrapping.

might explain the statistical insignificance. This suggested that it was all and not only a few types of

parental involvement that were negatively associated with children’s reading performance. When all six

subdimensions were included simultaneously, positive affect and performance-oriented teaching sur-

vived as statistically significant. Measuring the different types of involvement as the standardized mean

did not change the results in Tables 6 and 7.

Taken together these results indicated that low-SES parents were more engaged in unconstructive

involvement and that this could explain some of the relationship between SES and children’s academic

performance (even after controlling for prior skills). In Table 8 we formally test whether unconstruc-

tive involvement was a partial mediator between SES and children’s academic performance using Sobel

(1982)’s test. Models 1-4 showed that unconstructive involvement seemed to partially mediate the rela-

tionship between parents’ SES and children’s reading performance. After controlling for NAP, uncon-

structive involvement mediated one-third of the association between parental SES and reading perfor-

mance. The results in Tables 4 and 7 further suggested that performance-oriented teaching and control-
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Table 6: Std. Reading Score 2014

N=122a (1) (2) (3) (4) (5) (6) (7) (8)
Low SES(1/0) -0.82** -0.69** -0.49* -0.46* -0.67** -0.55*

(0.24) (0.25) (0.22) (0.22) (0.22) (0.23)
Share Unconstructive -2.08** -1.51** -1.45**
Involvement>1 (0.33) (0.37) (0.40)
Share Constructive -2.51** -2.24** -2.20**
Involvement>1 (0.39) (0.37) (0.37)
Child is a Boy(1/0) -0.45** -0.41* -0.35* -0.35* -0.40** -0.37*

(0.15) (0.16) (0.14) (0.15) (0.14) (0.15)
Std. Written NAP 0.14* 0.02 0.12

(0.09) (0.09) (0.08)
Missing NAP(1/0) -0.30 -0.28 -0.29†

(0.20) (0.19) (0.16)
Mom/Stepmom(1/0) -0.02 -0.07 -0.04 -0.05 -0.04 -0.08

(0.20) (0.20) (0.20) (0.19) (0.16) (0.16)
Late Recording(1/0)b 0.18 0.21 0.07 0.10 0.27† 0.30*

(0.15) (0.14) (0.14) (0.14) (0.14) (0.14)
Constant 0.91** 0.95** 1.11** 1.25** 1.29** 2.42** 2.51** 2.52**

(0.19) (0.19) (0.10) (0.20) (0.20) (0.27) (0.28) (0.28)
Adj. R-Squared .22 .24 .26 .33 .33 .22 .39 .41
Chi-Squaredc 39.44** 49.01** 38.70** 55.30** 50.97** 40.79** 102.34** 106.00**

Note: Table shows OLS coefficient estimates. Bootstrapped standard errors in parentheses (1000 repetitions). †p-value < .10
*p-value < .05 **p-value < .01 aA few children have missing test score (≥5). b’Late recording=1’ if the parent-child pairs were
part of the treatment group and the video recording was taped after the initialization of the first part of the treatment. cBased
on a Wald test using the replication based covariance matrix from bootstrapping.

ling behavior were the main drivers behind this result (see also Table C.1).

We did not find that the level of constructive involvement was significantly different between low-

and high-SES parents when controlling for the NAP measure (see Table 3) or when measuring construc-

tive involvement as the standardized mean, so that mode of involvement did not seem to be a mediator

between SES and child performance. Yet, we found that constructive involvement also predicted chil-

dren’s readings skills. We discuss the implications of these results in the final section.

1.4.3. Robustness Analyses

As a first set of robustness checks, we replicated our analyses with alternative measures of low SES. In

Tables C.2-5, we applied the three indicators used to construct low SES as separate measures of disad-

vantage: low education, parents not living together and parents’ income below 30th percentile. Table C.2

replicates the results from Table 3 and shows that each of the alternative measures of disadvantage were

associated with more involvement and in particular more unconstructive involvement, although coef-

ficients were not always statistically significant when we controlled for children’s NAP scores. Tables
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Table 7: Std. Reading Score 2014

N=122a (1) (2) (3) (4) (5) (6) (7)
Low SES(1/0) -0.59* -0.62** -0.69** -0.52* -0.56* -0.68** -0.44*

(0.24) (0.24) (0.24) (0.25) (0.22) (0.26) (0.22)
Constructive Involvement
Share Mastery Oriented>1 -1.89** -0.69

(0.45) (0.57)
Share Autonomy Support>1 -4.67 -3.91

(2.98) (2.50)
Share Positive Affect>1 -1.65** -1.25**

(0.33) (0.37)
Unconstructive Involvement
Share Performance Oriented>1 -1.82** -1.12*

(0.61) (0.56)
Share Control>1 -1.23* -0.55

(0.63) (0.80)
Share Negative Affect>1 -0.55 0.24

(3.15) (3.81)
Background Variables
Child is a Boy(1/0) -0.33* -0.35* -0.45** -0.36* -0.38* -0.41* -0.33*

(0.16) (0.16) (0.15) (0.15) (0.16) (0.17) (0.15)
Std. Written NAP 0.09 0.15† 0.18* 0.05 0.09 0.14 0.07

(0.09) (0.09) (0.08) (0.09) (0.09) (0.09) (0.08)
Missing NAP(1/0) -0.25 -0.33 -0.28† -0.22 -0.35† -0.31 -0.25

(0.16) (0.20) (0.17) (0.18) (0.20) (0.20) (0.16)
Mom/Stepmom(1/0) -0.06 -0.04 -0.01 -0.02 -0.09 -0.07 0.02

(0.15) (0.20) (0.17) (0.18) (0.20) (0.20) (0.17)
Late Recording(1/0)b 0.25† 0.21 0.29* 0.09 0.18 0.21 0.19

(0.14) (0.14) (0.13) (0.13) (0.15) (0.14) (0.14)
Constant 2.07** 0.97** 1.54** 1.22** 1.08** 0.96** 2.04**

(0.28) (0.19) (0.19) (0.19) (0.20) (0.19) (0.27)
Adj. R-Squared .36 .26 .36 .32 .27 .24 .44
Chi-Squaredc 88.98** 46.97** 71.77** 47.27** 49.17** 47.73** 117.19**

Note: Table shows OLS coefficient estimates. Bootstrapped standard errors in parentheses (1000 repetitions). †p-value < .10
*p-value < .05 **p-value < .01 aA few children have missing test score (≥5). b’Late recording=1’ if the parent-child pairs were
part of the treatment group and the video recording was taped after the initialization of the first part of the treatment. cBased
on a Wald test using the replication based covariance matrix from bootstrapping.
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Table 8: Sobel’s Test of Mediation

N=122a

Is Low SES Mediated by Unconstructive Involvement?
(1) (2) (3) (4)

% Mediated 42.48 42.07 40.72 33.34
Mediator Effect -0.42** -0.37** -0.34** -0.23†

(0.13) (0.13) (0.12) (0.12)

Bootstrap 95% CI (BC) [-0.75;-
0.22] [-0.7;-0.15] [-0.66;-

0.13]
[-0.54;-
0.07]

Controlling for
Child Gender NO YES YES YES
Parent Gender & Late Recording NO NO YES YES
Std. NAP Score NO NO NO YES

Note: Only observations with info about the childrens test score were used. Bootstrapped standard errors
in parentheses. Bootstrapped bias-corrected confidence intervals in squared parentheses (1000 repetitions).
P-values created using bootstrapped standard errors but evaluated at the standard normal distribution.
Confidence intervals emerged from resampling from the empirical distribution. †p-value <.10 *p-value
<.05 **p-value <.01. aA few children have missing test score (≥5).

C.3-5 replicate the results from Table 6 and show that unconstructive involvement reduced the coeffi-

cients to the indicators for disadvantage substantially (Model 1 vs. 4), and more so than constructive

involvement did (Model 1 vs. 7). Including unconstructive involvement reduced the coefficient to the

disadvantaged group more (Model 1 vs. 4) than when including the NAP measure (Model 1 vs. 2),

however the estimated coefficients for income below the 30th percentile were not statistically or practi-

cally significant when including the NAP measure. To conclude, results were largely robust when using

cruder measures of disadvantage relying on less information about children’s background. It appeared

that low education and parents not living together were the main drivers behind the findings for the low

SES measure in our main results.

As a second set of robustness checks, we reran all baseline specifications including different sets

of additional control variables. One concern was children’s skills not captured by the NAP. Therefore,

we added a dummy for late school start as an additional measure of children’s academic skills (sam-

ple mean 0.11). The test score regressions were largely unchanged but not parental involvement. Late

school start was statistically significant and positive indicating that additional dimensions of children’s

academic skills or children’s maturity might be important in explaining why some parents were more

unconstructively involved than others (Table C.6). Other concerns were systematic differences across

research assistants, time of the day, parents’ age and number of siblings. When these additional control

variables were added, significant mediation effects persisted indicating that between 33%-42% of the

total effect of low SES on children’s reading performance was mediated by unconstructive involvement

(Table C.7).
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1.5. Discussion
It is well established that there is a strong SES gradient in children’s academic performance (Magnuson

et al., 2012; Nandrup & Beuchert-Pedersen, 2018). Research has also demonstrated a relationship be-

tween parental involvement and children’s motivation and performance (e.g. Moorman & Pomerantz,

2010). However, it is yet unclear what high-SES parents do differently compared to low-SES parents

(if anything) and what role parental involvement and parent-child interactions play for the SES gradi-

ent. Previous research suggests that high-educated parents spend more time with their children, they

spend more high-quality time and more time on developmental activities (such as teaching, reading and

playing), which are related to children’s outcomes (Guryan et al., 2008). However, even during these

activities, differences in how parents interact with their children may be of great importance.

The current study adds to the literature by studying differences in how low- and high-SES parents

interact with their children during a developmental activity (reading task), and how that predicts chil-

dren’s reading performance six months later controlling for prior academic skills.

Our results not only confirm the substantial SES gradient in academic performance, but also show

that this gradient is more closely linked to parental involvement than to children’s prior academic skills.

Thus, our findings are consistent with basic stylized facts but also extend this knowledge by examining

the role of differences in parental involvements across SES.

It is especially worth highlighting that low-SES parents appear to exert more - particularly uncon-

structive but also constructive - involvement compared to high-SES parents, and that either of these

types of involvement are negatively associated with reading scores six months later. Thus, parental in-

volvement per se appears to be related to lower academic performance in this particular context which

resembles real-life homework tasks.

This could indicate that the best form of support during such activities is non-intrusive support.

Fei-Yin Ng et al. (2004) exemplify autonomy support as mothers ”sitting on hands” while attending chil-

dren’s progress and providing silent nods of approval without directly expressing an opinion (p. 766).

We cannot rule out that parents primarily get involved when their child has difficulties, i.e. both types of

parental involvement are demand-driven and basically reflect reading skills. More generally, the theoret-

ical relationship between subscales used by Moorman & Pomerantz (2010) (i.e. mastery vs. performance

orientation, autonomy vs. control, positive vs. negative affect), may need to be reconsidered and inte-

grated as suggested by Elliot and colleagues (see e.g. Elliot & Harackiewicz, 1996; Vansteenkiste et al.,

2014). Especially, the ideal parental involvement may depend on the individual child’s combination of

goal orientation and affective temperament (see Bjørnebekk, 2008).

Nevertheless, one limitation of our study is that the results reflect associations between parental

involvement and performance and not necessarily causal relations. The primary concern is the existence

of omitted variables such as aspects of child skills or teacher competences that are not captured by

written NAP and that correlate with parental involvement and reading scores.

Another limitation of our study is that we only measure two dimensions of parental involvement –

constructive and unconstructive involvement. Other more literacy focussed dimensions, such as adult
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scaffolding, dialogic reading or print referencing, may also be relevant for this age group (Justice &

Pullen, 2003). Finally, the study looks at one isolated occasion in the context of the Danish public school

system, and furthermore, the study population is positively selected and may not be representative

of children from low SES families. Some aspects of parent-child interaction are most likely universal,

whereas other aspects may be context- or country-specific with limited external validity.

With these caveats in mind, our results show that the relationship between parental SES and chil-

dren’s reading skills is not a simple matter of the amount of parents’ involvement. The type of in-

volvement should be taken into account when designing educational interventions involving parents.

Unconstructive involvement characterized by control, performance focus and negative affect may be

detrimental, but even more constructive involvement may be too much in some situations. More the-

oretical and empirical work is needed to understand the dynamic interactions between parents and

children. Sometimes more involvement may be helpful for the child, whereas in other situations it may

be better to sit on the hands. Understanding these mechanisms is only becoming more important for

policy makers and practitioners in a world of rising inequality between children from low and high SES

families.
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B. Coding Scheme and Validity
Like Moorman & Pomerantz (2010: 1357) we use two categories of parental involvement in their chil-

dren’s learning: constructive and unconstructive involvement, both consisting of three sub-dimensions.

Table B.1 shows the coding scheme describing and exemplifying the six sub-dimensions of involve-

ment. Parent-child interactions are coded based on the instructions described by e.g. Moorman & Pomer-

antz (2010: 1357). Examples from Fei-Yin Ng et al. (2004: 766f), Moorman & Pomerantz (2008a: 966) are

applied to describe the subdimensions.

Table B.1: Coding scheme for Parent-Child Interactions

1. Start the recording of the parent-child interaction in CLAN. Use CLAN to divide each interaction into

30 seconds intervals.

2. As a main rule, the parent-child interaction lasts 20 minutes, and it is coded in 30 second intervals

such that 40 intervals are coded in total. When the parent-child interaction has a duration longer than

20 minutes, if the child, for example, finishes an ongoing task, the additional minutes and associated

number of 30 seconds intervals are coded as well.

3. Initially, the frequency and intensity (low, medium and high) for every 30 second interval are noted

for each of the six sub-dimensions of involvement in the coding scheme. The frequency refers to the

number of times a certain type of involvement is taking place. When a parent repeats a certain type of

involvement, they receive points for each time the specific involvement is repeated.

4. Finally, the total score for the two main categories of involvement is calculated and the number is

noted in the coding scheme.

Level and Scale

Be aware of both the frequency and the intensity (the latter can refer to both length and strength). Length:

e.g. the score of control needs to be high in the case where the controlling involvement only occurs once

but lasts for most of the interval. Strength: e.g. it may be the case that two parents are showing control

when the child is working on the same task, but the extent of the controlling involvement vary. Each

subdimension is scored on a scale from 1 to 5. For each of the six sub-dimensions, examples of concrete

videos and intervals are given, which illustrate each level of interaction 1 to 5. To preserve anonymity,

these examples are not shown.

Description/Examples Notes

Constructive

Mastery

Oriented

The extent to which mother/father en-

couraged children to master the core

principles of the task regardless of how

they performed at it. This includes such

practices as:

Continued on next page
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Table B.1 – continued from previous page
Description/Examples Notes

1) teaching children steps to solve the

problems

E.g.: Show the syllable of the word on paper/divide

the word on paper; point at letter on the paper; say

syllables; spell part or entire word [it may be to help

the child read a word just after the child made a

reading mistake].

E.g.: Repeat the wording of task/possible answers

/selected word in the assignment ("So they did hold

hand when they passed the street?").

E.g.: Explain the meaning of the word, which is part

of a text/picture.

E.g.: Explain why an answer is right/wrong instead

of just saying "no" or "this is wrong" ("Yes, because...

on the other picture, he is throwing the ball"; "See

there is a snowflake").

2) asking guiding questions (e.g. do you

see this is part of that?)

E.g.: Draw the children’s attention to the relevant in-

formation by asking questions to the pictures/text

("Are they all girls?"; "Which of the pictures include

girls?"; "Where did they just build a snowman?";

"What does it say, here?") OR make parallel to some-

thing that is recognizable for the child ("What is the

name of your [person who has a relationship with

the child]?"; "It is something that you are able to

play with?"; "Is there something you can recognize

here? [in text], which you have seen before?"; "Do

you know something made of snow?").

Autonomy The extent to which mother/father en-

couraged or allowed children’s initia-

tive or choice (indicating that the child

is in charge and capable). This includes

practices such as:

1) permitting children to complete the

task on their own (e.g. pick the one you

think is best)

E.g.: "That is what you think?"; "What do you

think?"

2) waiting for children to correct their

own mistake

E.g.: Do not correct incorrect answers, although it is

clear for the parent that it is a wrong answer [this is

often expressed through the parent’s facial expres-

sion].

3) providing silent nods of approval

without directly expressing an opinion

Continued on next page
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Table B.1 – continued from previous page
Description/Examples Notes

Be aware of whether child requests that

parents do not interfere.

Positive

Affect

Was coded as displays of warmth and ap-

proval toward children, including:

In relation to approval, it may be expressed that

something is correct or great - see examples under

"positive feedback". Warmth can also be expressed

non-verbally in terms of a parent holding an arm

around the child.

1) encouragement (e.g. you can do it;

isn’t this so fun)

2) positive feedback (e.g. great, got it be-

fore I did; wow way to go; you worked

really hard; good job).

Correct: E.g.: Using sentences such as: "Yes, this is

correct"; "Yes, this is a house"; "Yes, exactly"; OR

repeating the word the child just read [confirming

that it is correct] OR repeating "yes" in the same se-

quence several times.

Great: E.g.: "Right, [name of child]"; "You are just

great"; "Really great"; "Super"; "Great".

These aspects may also be expressed

non-verbally (e.g. clearly laughing/s-

miling at child - it should however be as

an reaction to child’s behavior)

Unconstructive

Performance

Oriented

The extent to which mothers/fathers

told children how to get the right an-

swer, regardless of whether children

learned how to do the task. This in-

cludes such practices as:

1) demonstrating how to solve the prob-

lem but not teaching children how to do

so (e.g. look at this pattern, I think it is

this one)

E.g.: Correcting the child’s reading of a word with-

out explaining why it was wrong OR reading a

word aloud when the child is having difficulties

with reading the word.

E.g.: Provide an answer to an assignment without

being controlling ("it could be jellyfish"; "The last

one is a key ring").

2) telling children an answer was incor-

rect without proving a rationale (e.g. it

is not that one)

E.g.:, When a parent just says "no" ("No, this is not

a computer"; "No, it does say computer"; "No, it

says computer"; "No, there is a computer" [when the

child choose a wrong answer]. Thus, no explanation

regarding why the answer was wrong is provided.

Continued on next page
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Table B.1 – continued from previous page
Description/Examples Notes

Control The extent to which mothers/fathers

pressured children in an intrusive man-

ner, including:

1) attempts to regulate children’s behav-

ior through such practices as directives,

commands and orders (e.g. put a 5; take

your hand of the paper)

E.g.: Remove the child’s hand from the paper; "It

is this one" [pointing at the correct answer]; "No,

there" [pointing at the correct answer]; "You need

to put a line after S"; "Then, it should be after Y"

[the line]; "Then you need to put a line under sleep".

These are all examples of orders. Often the parent

also points at the paper.

2) taking over (e.g. taking paper or

pencil away from the child; writing a

word/answer without the child’s assis-

tance).

E.g.: Parents taking over the reading, i.e. reading

the entire or most of a sentence/assignment [often

without the child has been given a chance to solve

the task].

E.g.. Taking the eraser out of the child’s hand and

begins deleting the child’s answer; Taking the pencil

from the child and beginning to correct the child’s

answer.

Be aware of whether child requests that

parents take over/provide assistance.

Negative

Affect

The extent to which mothers/fathers di-

rected:

1) frustration, annoyance, hostility (can

be expressed non-verbal, e.g. clearly

frowning at the child, looking at the

child with dismay, disappointed looks,

and verbal e.g. raised voice)

E.g.: A parent expressing that something is wrong

in a negative tone or in a condescending way ("No,

this is wrong, you can see this yourself") OR express

that the child’s performance is bad/insufficient [op-

posite of great under positive feedback].

2) negative feedback (e.g., we didn’t

even get halfway done; you are doing it

wrong; you aren’t even looking)

Note: Concrete examples have been translated from Danish and sometimes generalized in order to en-

sure anonymity.
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Table B.2: Estimated Total Share of Disagreements Among Coders

Double coded videos (N=35)

Used in development of coding scheme?

YES NO
(N=11) (N=24, Number of 30 second intervals=941)

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

Subdimensions Disagreement>1(%) Disagreement=1 Aprroximated
Disagreements>1

Total(%)
Disagreements

Mastery Oriented 3.20% 192 30 23.60%
Autonomy Support 0.00% 14 0 1.49%
Positive Affect 0.91% 136 9 15.37%
Performance Orien. 2.51% 72 24 10.16%
Control 3.42% 84 32 12.35%
Negative Affect 0.00% 14 0 1.49%

Note:Table shows the estimated number of disagreements between the two coders for the double-coded
videos not used in the development of the coding scheme. We observed disagreements of one point or
more. Assuming that coders had the same share of disagreements larger than one point as in the first
documented coding of the videos used in the development of the coding scheme (Column 1), we were able
to approximate the total number of disagreements (Column 4).

Table B.3: Correlation Matrix of Mean Parent Level of Involvement

N=122 1 2 3 4 5 6
1. Mastery Oriented 1
2. Autonomy Support -.01 1
3. Positive Affect .54** -.15† 1
4. Performance Oriented .28** .20* .02 1
5. Control .09 .48** -.11 .38** 1
6. Negative Affect .06 .28** -.14 .11 .52** 1

Note: All subdimensions are measured at the mean level across the video session for each parent. †p-value <.10 *p-
value <.05 **p-value <.01.
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C. Selected Robustness Checks

Table C.1: Sobel’s Test of Mediation - Subdimensions

N=122a

Is Low SES Mediated by Unconstructive Involvement?
CONSTRUCTIVE UNCONSTRUCTIVE

Mastery
Oriented

Autonomy
Support

Positive
Affect

Performance
Oriented Control Negative

Affect
(1) (2) (3) (4) (5) (6)

% Mediated 14.76 10.86 -0.55 24.21 19.00 1.05
Mediator Effect -0.10 -0.08 0.00 -0.17† -0.13 -0.01

(0.09) (0.07) (0.08) (0.10) (0.12) (0.04)
Bootstrap 95% CI (BC) [-0.31;0.05] [-0.33;0.01] [-0.15;0.15] [-0.39;-0.01] [-0.47;0.00] [-0.13;0.06]
Controlling for
Child Gender YES YES YES YES YES YES
Parent Gender & Late
Recording

YES YES YES YES YES YES

Std. NAP Score YES YES YES YES YES YES
Note: Only observations with info about the childrens test score were used. Bootstrapped standard errors in parenthe-
ses. Bootstrapped bias-corrected confidence intervals in squared parentheses (1000 repetitions). P-values created using
bootstrapped standard errors but evaluated at the standard normal distribution. Confidence intervals emerged from
resampling from the empirical distribution. †p-value <.10 *p-value <.05 **p-value <.01. aA few children have missing
test score (≥5).
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Table C.2: Parental Involvement: Alternative Measures of Disadvantage

N=122 Involvement(%) Constructive(%) Unconstructive(%)
(1) (2) (3) (4) (5) (6)

Low SES(1/0)a 13.88** 11.49** 7.16* 6.02 24.10** 17.19**
(3.00) (3.44) (3.35) (3.89) (6.45) (6.49)

Education<College(1/0) 5.44† 3.24 1.15 -0.10 15.07** 9.82*
(3.16) (3.39) (3.21) (3.52) (4.45) (4.30)

Parents’ Disp. Inc<30th 9.88** 6.91† 4.60 3.11 17.01* 9.04
Percentile(1/0) (3.48) (3.79) (3.79) (4.14) (6.76) (7.13)
Parents not living together(1/0) 7.07† 5.16 5.58 4.76 14.67* 10.14†

(4.27) (4.18) (4.10) (4.22) (6.75) (6.00)
Mean % Involvement 79.62 74.47 27.16)
Controlling for
Child & Parent gender, Late
Recording

YES YES YES YES YES YES

Std. NAP Score NO YES NO YES NO YES
Note: Table shows OLS coefficient estimates for different measures of disadvantage. Each cell represents
the result of a separate regression. a’Low SES=1’ if at least two of the following conditions held true: (i)
Assisting parent had no college, ii) Parents’ Disp. Inc.<30th percentile, and (iii) Child did not live with both
biological parents. Bootstrapped standard errors in parentheses (1000 repetitions). †p-value <.10 *p-value
<.05 **p-value <.01.
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Table C.3: Std. Reading Score 2014

N=122a (1) (2) (3) (4) (5) (6) (7) (8)
Education<College(1/0) -0.29 -0.18 -0.05 -0.04 -0.28† -0.20

(0.18) (0.17) (0.16) (0.16) (0.16) (0.16)
Share Unconstructive -2.08** -1.79** -1.66**
Involvement>1 (0.33) (0.37) (0.41)
Share Constructive -2.51** -2.45** -2.35**
Involvement>1 (0.39) (0.37) (0.36)
Child is a Boy(1/0) -0.55** -0.47** -0.40** -0.39* -0.47** -0.41**

(0.16) (0.17) (0.15) (0.15) (0.14) (0.15)
Std. Written NAP 0.22* 0.06 0.17†

(0.09) (0.10) (0.09)
Missing NAP(1/0) -0.34† -0.30 -0.32*

(0.19) (0.18) (0.16)
Mom/Stepmom(1/0) -0.11 -0.16 -0.09 -0.10 -0.11 -0.15

(0.20) (0.20) (0.20) (0.19) (0.17) (0.16)
Late Recording(1/0)b 0.29† 0.31* 0.12 0.15 0.37** 0.38**

(0.15) (0.15) (0.15) (0.14) (0.14) (0.14)
Constant 0.95** 0.96** 1.11** 1.30** 1.32** 2.42** 2.71** 2.66**

(0.20) (0.20) (0.10) (0.20) (0.21) (0.27) (0.27) (0.26)
Adj. R-Squared .13 .18 .26 .29 .30 .22 .34 .37
Chi-Squaredc 23.94** 40.98** 38.70** 50.77** 50.94** 40.79** 91.23** 97.40**

Note: Table shows OLS coefficient estimates. Bootstrapped standard errors in parentheses (1000 repetitions). †p-value < .10
*p-value < .05 **p-value < .01 aA few children have missing test score (≥5). b’Late recording=1’ if the parent-child pairs were
part of the treatment group and the video recording was taped after the initialization of the first part of the treatment. cBased
on a Wald test using the replication based covariance matrix from bootstrapping.
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Table C.4: Std. Reading Score 2014

N=122a (1) (2) (3) (4) (5) (6) (7) (8)
Parents not living together(1/0) -0.69** -0.58* -0.44* -0.42* -0.56** -0.47*

(0.24) (0.23) (0.20) (0.21) (0.21) (0.21)
Share Unconstructive -2.08** -1.62** -1.52**
Involvement>1 (0.33) (0.36) (0.39)
Share Constructive -2.51** -2.30** -2.23**
Involvement>1 (0.39) (0.39) (0.38)
Child is a Boy(1/0) -0.52** -0.45** -0.38** -0.38* -0.46** -0.40**

(0.15) (0.16) (0.14) (0.15) (0.14) (0.15)
Std. Written NAP 0.19* 0.04 0.16†

(0.09) (0.09) (0.08)
Missing NAP(1/0) -0.30 -0.27 -0.29†

(0.19) (0.18) (0.16)
Mom/Stepmom(1/0) -0.08 -0.13 -0.07 -0.08 -0.09 -0.13

(0.19) (0.19) (0.19) (0.19) (0.16) (0.15)
Late Recording(1/0)b 0.23 0.25† 0.09 0.12 0.32* 0.34**

(0.14) (0.14) (0.14) (0.14) (0.13) (0.13)
Constant 0.96** 0.98** 1.11** 1.30** 1.33** 2.42** 2.59** 2.57**

(0.18) (0.18) (0.10) (0.19) (0.20) (0.27) (0.27) (0.27)
Adj. R-Squared .19 .23 .26 .32 .33 .22 .37 .40
Chi-Squaredc 30.93** 49.60** 38.70** 60.57** 58.32** 40.79** 99.40** 106.72**

Note: Table shows OLS coefficient estimates. Bootstrapped standard errors in parentheses (1000 repetitions). †p-value < .10
*p-value < .05 **p-value < .01 aA few children have missing test score (≥5). b’Late recording=1’ if the parent-child pairs were
part of the treatment group and the video recording was taped after the initialization of the first part of the treatment. cBased
on a Wald test using the replication based covariance matrix from bootstrapping.
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Table C.5: Std. Reading Score 2014

N=122a (1) (2) (3) (4) (5) (6) (7) (8)
Parents’ Disp. -0.25 -0.03 0.02 0.09 -0.14 0.05
Inc<30th Percentile (0.23) (0.23) (0.23) (0.24) (0.19) (0.20)
Share Unconstructive -2.08** -1.83** -1.70**
Involvement>1 (0.33) (0.38) (0.42)
Share Constructive -2.51** -2.43** -2.35**
Involvement>1 (0.39) (0.38) (0.37)
Child is a Boy(1/0) -0.57** -0.48** -0.40** -0.39* -0.50** -0.42**

(0.16) (0.17) (0.15) (0.15) (0.14) (0.15)
Std. Written NAP 0.24* 0.07 0.20*

(0.10) (0.10) (0.09)
Missing NAP(1/0) -0.34† -0.30† -0.33*

(0.19) (0.18) (0.16)
Mom/Stepmom(1/0) -0.09 -0.16 -0.09 -0.12 -0.10 -0.16

(0.19) (0.20) (0.20) (0.19) (0.16) (0.16)
Late Recording(1/0)b 0.31* 0.33* 0.12 0.15 0.39** 0.40**

(0.15) (0.14) (0.15) (0.14) (0.14) (0.13)
Constant 0.88** 0.91** 1.11** 1.29** 1.32** 2.42** 2.62** 2.60**

(0.18) (0.18) (0.10) (0.20) (0.20) (0.27) (0.28) (0.27)
Adj. R-Squared .11 .17 .26 .29 .30 .22 .32 .36
Chi-Squaredc 28.21** 40.03** 38.70** 49.54** 48.84** 40.79** 75.13** 86.34**

Note: Table shows OLS coefficient estimates. Bootstrapped standard errors in parentheses (1000 repetitions). †p-value < .10
*p-value < .05 **p-value < .01 aA few children have missing test score (≥5). b’Late recording=1’ if the parent-child pairs were
part of the treatment group and the video recording was taped after the initialization of the first part of the treatment. cBased
on a Wald test using the replication based covariance matrix from bootstrapping.
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Table C.6: Parental Involvement Including Late School Start

N=122 Involvement(%) Constructive(%) Unconstructive(%)
(1) (2) (3) (4) (5) (6)

Low SES(1/0) 12.04** 10.06** 5.83 4.89 18.95** 13.05*
(3.50) (3.75) (3.65) (3.96) (6.74) (6.58)

Late School Start(1/0) 7.29† 6.50 5.26 5.09 20.33** 18.72*
(3.96) (4.24) (5.00) (5.09) (7.33) (7.65)

Child is a Boy(1/0) 1.86 1.06 1.06 0.64 4.07 1.51
(3.25) (3.30) (3.33) (3.40) (3.71) (3.47)

Std. Written NAP -2.88 -1.38 -8.64**
(1.87) (1.96) (2.19)

NAP Missing(1/0) 0.48 -0.55 -1.45
(3.92) (4.04) (4.61)

Mom/Stepmom (1/0) -0.71 0.04 -0.20 0.18 -1.29 1.04
(4.58) (4.72) (4.67) (4.78) (4.41) (4.65)

Late Recording(1/0)a 3.69 3.36 5.03 4.95 -5.72 -6.41*
(3.30) (3.32) (3.33) (3.39) (3.48) (3.25)

Constant 75.04** 75.49** 70.89** 71.23** 21.88** 23.68**
(4.67) (4.77) (4.80) (4.89) (4.33) (4.73)

Mean % Involvement 79.62 74.47 27.16)
Adj. R-squared .09 .09 .01 -.01 .29 .36
Chi-squared 28.47** 32.84** 6.14 7.18 36.98** 56.49**

Note: Table shows OLS coefficient estimates. Bootstrapped standard errors in parentheses (1000 repeti-
tions). †p-value < .10 *p-value < .05 **p-value < .01 a’Late recording=1’ if the parent-child pairs were part
of the treatment group and the video recording was taped after the initialization of the first part of the
treatment.
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Table C.7: Sobel’s Test of Mediation

N=122a

Is Low SES Mediated by Unconstructive Involvement?
(1) (2) (3) (4) (5) (6)

% Mediated 42.48 42.07 40.72 33.34 40.72 33.34
Mediator Effect -0.27* -0.18† -0.32* -0.22† -0.28* -0.18†

(0.12) (0.11) (0.13) (0.13) (0.12) (0.11)
Bootstrap 95% CI (BC) [-0.59;-0.08] [-0.42;-0.01] [-0.61;-0.09] [-0.54;-0.02] [-0.57;-0.11] [-0.43;0.00]
Bootstrap 90% CI (BC) [-0.52;-0.12] [-0.38;-0.04] [-0.55;-0.12] [-0.47;-0.05] [-0.52;-0.13] [-0.39;-0.03]
Controlling for
Child & Parent Gen-
der, Late Recording

YES YES YES YES YES YES

Std. NAP Score NO YES NO YES NO YES
RA FE & Time of the
Day

NO NO YES YES NO NO

Parent Age & Num-
ber of Children

NO NO NO NO YES YES

Note: Only observations with info about the childrens test score were used. Bootstrapped standard errors in parenthe-
ses. Bootstrapped bias-corrected confidence intervals in squared parentheses (1000 repetitions). P-values created using
bootstrapped standard errors but evaluated at the standard normal distribution. Confidence intervals emerged from
resampling from the empirical distribution. †p-value <.10 *p-value <.05 **p-value <.01. aA few children have missing
test score (≥5). RA: research assistant.
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Abstract

Socioeconomic differences in children’s outcome are already present at birth. This study uses Danish

administrative data to investigate how infant health inequality has developed during recent decades. I

document a closing gap in low birth weight, preterm birth, and, to a smaller extent, also in infant mortal-

ity across parents’ income rank. The semi-parametric DFL-decomposition method is used to investigate

how changes in parents’ observable characteristics can explain the reduction in infant health inequality.

More multiple births (due to fertility treatments) is a key explanation. In recent years, less smoking dur-

ing pregnancy is also important. Furthermore, higher age at parenthood also contribute slightly for the

closing gap in low birth weight. However, the declining gap in infant mortality can only be explained to

a limited extent.
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2.1. Introduction
Infant health has been linked to a range of future outcomes such as test scores, educational outcomes,

earnings, future health, and even outcomes of own offspring1. Additionally, a large body of evidence

has persistently found that infants with low socioeconomic status (SES) are more likely to suffer from

poor infant health (Aizer & Currie, 2014; Currie, 2011). This SES gap remains and may even widen when

children get older2. While there is a substantial literature documenting SES differences at birth, fewer

studies consider the development of infant inequality. To fill this gap, this study investigates how infant

health inequality has developed from 1982-2010, as well as how changes in infant health inequality are

related to changes in parents’ observable characteristics. Understanding which dimensions of parents’

observable characteristics that may (or may not) explain changes in infant health inequality may provide

information about where future interventions aimed at reducing inequalities should (or should not) be

directed.

Policy makers concerned with inequality should be particularly concerned with inequality at birth

and its underlying forces. Not only does SES gaps open up early, but early remediation may be more

effective and less expensive than later interventions (Heckman, 2007b). Interventions targeting preg-

nant women hold a potential for reducing future inequalities since a large literature documents long run

effects of the environment in utero (Almond et al., 2018). Factors that have been linked to in utero and in-

fant health are, among others, smoking (Bharadwaj et al., 2014), nutrition (Almond & Mazumder, 2011),

diseases during pregnancy (Currie & Stabile, 2003), stress (Aizer et al., 2016; Persson & Rossin-Slater,

2018), social programs and interventions (e.g. Aizer & Currie 2014; Currie 2011), as well as environ-

mental factors such as pollution (e.g. Currie, 2011; Currie & Schwandt, 2016a). These results imply

that parental behaviour during pregnancy is a potential important explanation for SES differences and a

potential scope for policy interventions.

At birth, individuals have had little chance to impact their circumstances. Therefore, the develop-

ment of infant health inequality may be an important aspect to include when considering the general

development of inequality within a society. During the last couple of decades economic inequality has

risen (Atkinson et al., 2011). Similarly, the development of SES differences in mortality rates or life

expectancy for older generations has generally increased during the last couple of decades, including

Scandinavia3. In contrast, the existing evidence for young children shows a more positive development.

US studies show a declining SES gap for young children, and suggests that increasing access to med-

ical care is a key explanation. Focusing on infants, Lin (2009) finds a closing gap in infant death and

1See e.g. Behrman & Rosenzweig 2004; Bharadwaj et al. 2018; Black et al. 2007; Case et al. 2005; Currie 2011;
Kreiner & Sievertsen 2020.

2Case et al. (2008,0); Currie & Stabile (2003); Khanam et al. (2009) find evidence of an increasing gradient
whereas Propper et al. (2007) and Reinhold & Jürges (2012) do not.

3Using Danish data 1980-2013, Kreiner et al. (2018) find an increasing gap in life expectancy among older
generation across income percentiles confirming US results. Yet, when accounting for income mobility, the gap
remains but the size is halved. Mackenbach et al. (2016) find an increasing relative inequality in mortality across
education from 1990-2010 in 11 European countries, including Scandinavia. In the Scandinavian countries, abso-
lute inequality increased for women in Norway and Finland, but it reduced for men in Sweden.
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Apgar scores across mother’s education. Decomposing the gap, she finds that access to medical care

is the primary explanation, but demographic shifts and changes in maternal behavior are important

as well. Relatedly, Aizer & Currie (2014) find that the gap in low birth weight between the most and

least advantaged mothers has declined over the past 20 years. They suggest that increased information

about infant health and policy changes explain this development. Baker et al. (2019); Currie & Schwandt

(2016b; 2016c) consider the development of age-specific mortality rates in counties ranked from poorest

to richest. Their results show that mortality rates for young Americans fell relatively more among the

disadvantaged counties which led to a reduction in health inequality. Finding that accidents is the lead-

ing cause of deaths for young Americans, they further suggest that increases in health insurance may

have reduced health inequality by improved access to trauma care.

Overall, results outside the US do not confirm the increasing gap found among older generations, but

they do not find a clear closing gap either. Baker et al. (2019) compare the US development with Canada.

Whereas mortality rates fell for young children in both countries, the SES gap in Canada remained rather

stable. Scandinavian studies find mixed results. Most relevant for this study, studies on singleton births

find either a decreasing (Mortensen et al., 2010) or a broadly constant trend (Petersen et al., 2009) in

preterm birth inequality as well as a stable SES gradient in stillbirths (Rom et al., 2012)4. Contrary to

this study, the existing Scandinavian studies do not relate the development of infant health inequality to

changes in observable characteristics.

The purpose of this study is twofold. First, I documents the development of infant health inequality

and then, I consider how well changes over time can be (descriptively) explained by five dimensions

of parent’s observable characteristics: 1) age, 2) multiple births (fertility treatments), 3) mother’s smok-

ing during pregnancy, 4) immigrant status, and 5) real income. Infant health inequality is measured as

differences in low birth weight (LBW), preterm birth, and infant mortality across parents income rank.

More specifically, I consider Wagstaff (2005)’s concentration index (WCI) and the rate of poor health

across income deciles. Concentration indices are useful summary measures of health inequality utiliz-

ing information from the whole income distribution and applied in many empirical studies5, whereas

the rate of poor health across income deciles help understand what part of the distribution that drives

such changes. In order to relate the development of health inequality to changes in parents’ observable

characteristics, I construct counterfactual measures of health inequality using DiNardo et al. (1996)’s

semi-parametric reweighting method (the DFL-method). These counterfactual scenarios answer ques-

tions such as: how would health inequality have looked in 2010 if parents’ observable characteristics

were as in 1982, assuming they were related to children’s health and parents’ income rank the same

way as in 2010? While these results show how well changes in parental characteristics descriptively can

explain the development of infant health inequality, the DFL-method does not allow a causal interpreta-

tion in this context. Nevertheless, knowing which dimensions of parental characteristics may (or may)

4Mortensen et al. (2010) also find an increasing SES gap in small-for-gestational-age. Petersen et al. (2009)
find a slightly increasing trend in the risk of very preterm birth versus term birth for the low education group in
Denmark.

5For empirical applications see e.g. Coveney et al. (2020); Van Doorslaer et al. (2006); Van Ourti et al. (2009)
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not help explain changes in infant health inequality, may provide important information about potential

mechanisms relevant for designing future studies and interventions.

The first part of my results address the development of infant health inequality. I document a statis-

tically significant SES gap in LBW, preterm birth and infant mortality in the beginning of the 80s. Even

though these events are rare in the overall population, the rate of LBW, preterm birth and infant mor-

tality were respectively 1.5 pp., 1.2 pp. and 0.4 pp. higher for the bottom income decile compared to

the top decile. In relative terms, children born to parents in the bottom income decile were 1.3 times

more likely to be LBW or preterm, and 1.7 times more likely to die within the first year of life. From

1982-2010 the gap is closing for LBW and preterm birth, whereas the gap in infant mortality shows a

more modest decrease; it cannot be rejected that the infant death inequality in 2010 is statistically equal

from infant death inequality in 1982. Yet, the fact that the rate of infant death has decreased for all parts

of the income distribution is clearly a positive result in an equality perspective.

Descriptive counterfactual scenarios indicate that changes related to parents’ behaviour are impor-

tant for the reduction in preterm birth and LBW inequality. Comparing the actual development with

counterfactual scenarios shows the following. First, the increasing share of multiple births (fertility

treatments) has made high SES children relatively worse off, whereas the reduction in smoking during

pregnancy has made low SES children relatively better off in recent years. Changes in parents’ age dis-

tribution have also contributed to a smaller reduction in LBW inequality by making low SES children

relatively better off. Finally, all counterfactual scenarios for infant mortality were close to the actual de-

velopment. Thus, other explanations such as technology improvement in pre- and neonatal care may be

important in explaining the development of SES differences in infant mortality.

This study contributes to the existing literature on several dimensions. First, to my knowledge this

is the first study to consider the development of infant health inequality explicitly in a generous welfare

state while also relating it to changes in parents’ observables characteristics. Compared to US studies,

this setting allows for the investigation of changes in infant health inequality which are, to a smaller

extent, driven by access to health insurance and health care. While SES differences in access to actual

health care may still exist in Denmark6, general eligibility to health care and associated expenses do not

play a similar role in Denmark as in the US. In particular, Lin (2009) found that the primary explanation

of a closing gap in the US was increased access to medical care through increased public health insur-

ance coverage. Increased eligibility to Medicaid meant that expenses with pre- and neonatal care were

covered for a larger share of the population: these features were provided in Denmark throughout the

sample period.

Second, compared to US studies, this study links information about infant health with the father’s

6Denmark has universal and free health care. Yet, in practice there may still exist differences in actual access
to health care related with SES either because of how well parents claim their rights, doctor’s unconscious bias, or
statistical discrimination (see e.g. Moscelli et al. 2018). Additionally, high SES individuals may have differential
access to health care through the private sector. The latter may particularly be relevant regarding fertility treat-
ment. While the public health care system offers three trials of in vitro fertilization (IVF) treatments without any
costs, the private fertility clinics provide more flexibility, a shorter waiting list and more trials, but also requires
full payment from the patient (Lundborg et al., 2017).
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characteristics as well as parents’ income. Thirdly, using the DFL-method, my study relates changes in

observable characteristics to health inequality without assuming any functional form about how they

are related.

The rest of this paper is organized as follows: Section 2 discusses the conceptual framework. Section

3 describes the data and key measures. Section 4 provides an overview of the methodology used. Section

5 contains the results. Section 6 presents some robustness checks. Section 7 discusses and concludes.

2.2. Conceptual Framework
2.2.1. Infant Health Inequlity

Health inequality is typically measured as a gap in health across some measure of disadvantage. I use

parents’ income ranks as a measure of SES. Income measures have been criticized for being an uncertain

measure of disadvantage since income fluctuates over the life-cycle (see e.g. Baker et al., 2019). Yet,

measuring SES as education also contains problems when considering changes over time (Baker et al.,

2019; Goldring et al., 2016a). Since the share of the population with a high educational level has increased

considerable during recent decades, those who are categorized as low education today may be more

negatively selected than those who were categorized as low education back in the eighties. Even if health

differences between individuals did not change, the change in the educational distribution could cause

measures of health inequality to change. To avoid such issues, the population should be divided into

educational groups which maintain approximately equal sizes over time. However, since the educational

categories are quite lumpy, this may be difficult (Baker et al., 2019). When considering changes over time,

income ranks has the advantage of being a stable measure of disadvantage with equal size of different

categories (e.g. income deciles)7.

2.2.2. The Role of Parents’ Observable Characteristics

When parents’ observable characteristics associated with both infant health and parents’ SES change

over time, they may explain changes in infant health inequality. In a simple model8, children are en-

dowed with different genetic material, but they are also exposed to different environments in utero. The

interplay between genes and the environment determines infant health. Moreover, it is well-established

that parental behavior and circumstances may impact infant health through the environment faced in

7Mortensen et al. (2010) measure disadvantage one year prior to birth either as income or as education. In
either case, they find a similar trend in infant health inequality, but the degree of inequality is larger when using
education.

8Based on Heckman (2007b)’s model for child development, Almond et al. (2018) set up a simple two-period
model of child health, where the first period could refer to in utero. In my setting, primarily investments made in
utero are important since I consider infant health. Thus, the determinants of infant health becomes an interplay
between the environment in utero and genes. When considering infant death (death within the first year of life),
the environment during the first year of life and parental compensatory or complementary investments (as a
response to the child’s health status at birth) may be important as well. Thus, when considering infant death,
parental differences in SES may reinforce or compensate the child’s health status at birth.
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utero (Almond et al., 2018). This includes among others mother’s stress level, pollution, mother’s health

and health behavior (e.g. alcohol consumption, smoking, nutrition etc.), and antenatal treatment. In

this study, I considers five dimensions of parent’s observable characteristics and the role they play in

explaining changes in infant health inequality. More specifically, I consider: 1) age, 2) multiple births

(fertility treatments), 3) mother’s smoking behavior during pregnancy, 4) changes in parents’ immigrant

status, and 5) changes in real income.

1) Parents’ Age Parental age is known to be associated both with parental SES and infant health.

Both ends of the maternal age distribution have been associated with increased risks of LBW (de Bern-

abeé et al., 2004). Generally, a higher parental age is associated with a higher income rank. Thus, if

mothers are getting older, high SES parents may be more likely to have LBW children which would

close the gap between high and low SES children. Also, if the risk of teenage-parenthood has decreased,

this would also be expected to reduce the SES gap in LBW.

2) Multiple Birth Infants who are a result of a multiple birth are also more likely both to be born

preterm and to have a LBW. Following Lin (2009) multiple births can be interpreted as fertility treat-

ments9. The first child born with the use of fertility treatment in Denmark was in 1983 (Copenhagen

Fertility Center, 2010) whereas around 8% of a birth cohort can be expected to be the result of a suc-

cessful fertility treatment around 2010 leading to an increase in the share of multiple births (The Danish

Health Authorities, 2012). It should be noted that the increasing use of fertility treatments captures not

only changed fertility behaviour, but also a changed fertility technology10. While the option of fertil-

ity treatments may make some people change fertility behaviour by e.g. postponing having children,

fertility treatments may also have altered the composition of infants born each year. In particular, the in-

troduction of fertility treatments may have enabled some women to have children who otherwise would

not have had the option. Lundborg et al. (2017) show that on average, parents who used IVF-treatments

have a higher SES compared to other parents. Thus, if fertility treatments induce primarily high SES

parents to have children, this could lead to a reduction in infant health inequality because the average

health status of infants born to high SES parents would become lower.

3) Smoking During Pregnancy Smoking during pregnancy has been associated with preterm

birth, LBW and infant mortality (Almond et al., 2005; de Bernabeé et al., 2004; Dietz et al., 2010; Morgen

9Studies on singleton births have found that children conceived with IVF-treatments are associated with worse
infant health than children conceived spontaneously (Heimstad et al., 2006; Jackson et al., 2004). A similar differ-
ence has not been found among studies on multiple births (Heimstad et al., 2006). Thus, using multiple births
as a proxy for fertility treatments, may only capture a part of the increased health risks of being conceived with
the help of fertility treatments (the increased risk of being the result of a multiple birth instead of a singleton
birth). Increased health risks associated with fertility treatments for singleton births are not accounted for using
this measure.

10van Loendersloot et al. (2014) suggest that the increase in IVF-treatments is caused both by increased access
to IVF and by expansions of the indications for IVF. Additionally, Lundborg et al. (2017) interpret the increase in
the rate of successful fertility treatments from 1995-2005 in Denmark as improvements in the IVF technology.
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et al., 2008). Changes in smoking bans or variation in state-level tobacco taxes have also been found

to impact children’s short and long run health (Almond et al., 2018). Moreover, smoking is typically

thought to be more concentrated among low SES parents (Wagenknecht et al., 1990). Thus, changes in

smoking behaviour have the potential to reduce the SES gap in infant health if low SES parents becomes

less likely to smoke during pregnancy. While smoking in itself may adversely impact infant health,

changes in smoking behaviour would also capture other types of risky health behaviour or time prefer-

ences associated with both smoking status, SES, and infant health. Examples of such types of behaviours

may include alcohol consumption or exercise during pregnancy. During recent decades, the adverse ef-

fects of smoking has obtained increased attention and an increasing number of smoking bans has been

implemented. Thus, the women who smoke in more recent years may be more negatively selected than

those who smoked previously. If high SES mothers are more likely to underreport their smoking be-

haviour during their midwife visits, this would lead to an overestimation of the negative relationship

between smoking and infant health inequality.

4) Immigrant Status Both birth weight and the risk of infant mortality has been found to differ

across ethnicity (de Bernabeé et al., 2004; Villadsen et al., 2009). De Bernabeé et al. (2004) highlight that

differences in birth weight should not be seen as purely genetic, but occur because of joint influences of

genes and the environment. A potential important explanation may be differences in the level of vitamin

D during pregnancy, even within ethnic group (ibid). Villadsen et al. (2009) find that children born to the

the five largest ethnic minorities in Denmark had increased mortality risks compared to children born

to parents with a Danish ethnicity. Generally, the difference could not be explained by SES differences,

but Villadsen et al. (2009) highlight that ethnicity should be seen as a marker of risk rather than a risk

factor in itself. Thus, if an increasing number of immigrants is not taken into account, this could lead

to an increase in the SES gap because of a inflow of people primarily to the lower end of the income

distribution with a higher risk of infant mortality.

5) Real Income According to the absolute income hypothesis, health inequality would disappear

if everybody reached a certain level of real income (Deaton, 2003). Even though health care is free and

universally provided in Denmark, other types of investments might be important for infant health. E.g. if

a higher level of real income allows for a better investment in the mother’s health and thereby indirectly

affects the child’s health. Alternatively, a higher level of real income may be related to the child’s health

through other mechanisms such as reduced maternal stress (see e.g. Persson & Rossin-Slater, 2018).

Besides the five characteristics considered in this study, other potential explanations exist. Two po-

tentially important factors include access to actual health care and technological improvement and pre-

and neonatal care. Even though the Danish health care system provides universal and free antenatal

care throughout the sample period, the actual treatment a mother receives may vary with SES because of

her ability to argue for her rights, better mental resources to e.g. search for information, or unconscious

bias or statistical discrimination from health personnel (e.g. Moscelli et al. 2018). A second potentially
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important factor unaccounted for is technological improvement in pre- or neonatal care. Technologi-

cal improvements would be expected to impact the relationship between SES and infant health. Better

screening devices would help detect diseases, and better treatment may reduce adverse consequences

of different conditions. Thus, technological improvements may reduce the SES gap by these two mech-

anisms.

2.3. Data
2.3.1. Sample Selection

The sample is based on administrative data from Statistics Denmark and the National Health Authori-

ties. The main source is the Danish Birth Register from 2010, which contains information about all live-

born children and their parents as well as information about birth outcomes. Additional administrative

registers are used to extract information about deaths and parents’ observable characteristics.

To limit simultaneity and endogeneity issues, parents’ income is measured two years prior to birth

(detailed in section 2.3.2). Since income is observed from 1980, the sample includes all live births from

1982-2010 where the mother is observed in the registers two years prior to birth11. The role of the father

and his characteristics are also of interest, but simply dropping observations where the father is not

registered and observed two years prior to birth (3%) would lead to a positive selected sample. In

particular, children with no information about the father are more likely to have missing information

about birth weight and gestational length, but when observed, they are more likely to have a LBW and

a preterm birth. Additionally, their risk of infant mortality is almost six times larger. For these reasons, I

keep observation without any information about the father in my sample.

2.3.2. Key Measures

Infant Health Infant health is measured along three dimensions: LBW defined as a birth weight

below 2500 gram, preterm birth defined as a birth before 37 completed weeks of gestation, and infant

mortality defined as the death of a liveborn child before turning one. LBW can be a consequence of either

a premature birth or intrauterine growth restriction (IUGR) (Almond et al., 2005). Empirically, birth

weight has been linked to future outcomes such as adult height, IQ, education, earnings, own children’s

birth weight, and test scores (Behrman & Rosenzweig, 2004; Black et al., 2007; Kreiner & Sievertsen, 2020).

Basically, the health risk of being born preterm exists because the child might not be fully developed.

Being born too early can lead to increased risk of death, different kinds of disabilities including cerebral

palsy, developmental delay, vision and hearing problems (CDC, 2018). For additional details about

variable definitions, see Appendix A.

Figure 2.1 shows the development of the three dimensions of infant health during the sample period.

11Requiring the mother to be in the registers two years prior to birth de facto means that immigrants are more
likely to be dropped from the sample. Information about the child’s health is more likely to be missing, but when
observed, it is not unambiguously worse.
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Figure 2.1: Infant Health 1982-2010

(a) LBW (b) Preterm Birth (c) Infant Mortality

Note: LBW refers to low birth weight, preterm birth refers to a birth before 37 completed weeks of gestation, whereas infant
mortality refers to the death of a liveborn child within the first year of life. The grey areas show the 95% confidence bands.
Birth cohorts are in the range of 50,534-68,194. For each birth cohort, information about children’s birth weight is missing in
0.51%-2.03% of the cases, whereas information about children’s gestational length is missing in 0.59%-1.86% of the cases.

Figure 2.2: The Birth Weight & Gestational Length Distribution, 1982 & 2010

(a) The Birth Weight Distribution (b) The Gestational Length Distribution

Note: In 1982, 52,930 liveborn children were born, whereas 61,784 liveborn children were born in 2010. Figure (a) shows the
kernel densities for the birth weight distribution depicted for the range of 600-5500 gram. Kernel densities are estimated
using an Epanechnikov kernel with the ’optimal’ bandwidth The vertical lines indicate very low birth weight (1500<g), low
birth weight (2500<g), and high birth weight (4500>g). Gestational length in Figure (b) is measured in completed weeks. The
vertical line indicates a preterm birth (<37 completed weeks).
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The rate of LBW has been falling until the year of 2000 after which it increased and stabilized at a level

only slightly lower than in 1982. The rate of preterm birth has been increasing in line with observa-

tions from several industrialized countries (Petersen et al., 2009). It is noticeable that the rate of infant

mortality has reduced by more than 50% during the same period.

In order to obtain a better understanding of the development over time, Figure 2.2 shows the dis-

tributions of birth weight and gestational length for the years of 1982 and 2010. It is evident that the

birth weight distribution has generally shifted to the right, whereas the gestational length distribution

has shifted to the left12. The increase in the rate of preterm birth is not just driven by births with a ges-

tation just below week 37. Instead, there is more mass distributed at all weeks at the lower end of the

gestational length distribution. The reduction in the rate of LBW is primarily driven by fewer children

born with a birthweight below 2500g, but above 2000g13.

Income I measure parents’ income two years prior to birth to avoid simultaneity and endogeneity

issues. Since parents are potentially very young, this approach has the disadvantage that the income

measure used may be a noisy signal of parents’ permanent income (Haider & Solon, 2006; Kreiner &

Sievertsen, 2020). My panel does not allow me to consider permanent income. Ideally, income ranking

would be based on grandparents’ income measured between age 30 and retirement age as well as prior to

birth. Björklund (1993) shows that annual income for men measured at these ages are highly correlated

with lifetime income. Therefore, grandparents’ income prior to birth could perhaps provide a better

signal of parents’ SES while also avoiding endogeneity issues. Yet, I have not pursued this income

measure since information about grandparents are decreasingly lacking for early birth cohorts14.

In my main sample, I measure income as parents’ joint earnings. When information about the father’s

income is missing (3%), his income is imputed using year and age-specific means. For details about

variable definitions, see Appendix A. Sensitivity analyses of the choice of income measure can be seen

in section 2.6.3.

Parents’ Observable Characteristics Table 2.1 summarizes parents’ observable characteristics for

selected birth cohorts to give insights into general changes. It reveals that parents have become older, and

similarly, the rate of teenage parents have reduced. The rate of mothers who smoke during pregnancy

is available from 1991 and forward. From 1991-1996, smoking is registered if the midwife has reported

the mother to be smoking at any of the midwife visits (Brenøe & Molitor, 2018). From 1997 and forward,

the variable is more detailed and includes information about whether the mother has stopped smoking

12The introduction of ultrasound scanning as a part of perinatal visits have increased the accuracy of gestational
length over time, which to some extent may have shifted the distribution of gestational length to the left (Yang
et al., 2002).

13Zooming in at the lower end of the birth weight distribution generally reveals more mass below 2500g in 1982
compared to 2010. At extremely low values this picture is reversed, which is consistent with a slightly increasing
trend in very low birth weight and very preterm birth, see Appendix C, Figure C.2 for further details.

14In the first half of the 80s, around 30-50% of the children do not have information about their grandmother
(and even fewer about their granddad). During the late 80s and early 90s the number of children with missing
information reduces gradually to around 11-12%.
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(during first trimester or later). Additionally, if she smokes at the last midwife visit, the dose of smoking

is reported as well. To have comparability over time, I only consider whether the mother has smoked

anytime during pregnancy and whether her smoking status is missing. For the years observed, the

share of mothers who report to smoke during pregnancy has fallen dramatically. On the contrary, the

share of multiple births has increased rapidly, especially from 1992-2002. The fraction of both mothers

and fathers who are non-Danish has also been steadily increasing throughout the sample period. These

developments are similar to what has happened in the US (see Lin, 2009).

In order to assess the importance of 3), changes in real income, I will consider changes in what I

define as parents’ income group. Parents’ income groups include six groups: the group of zero-earners

plus five income groups defined by the cut-off levels of real earnings which defined the 1982 non-zero

real earnings quintiles. Figure 2.3 shows how the share of parents within each income group has devel-

oped over time. The Y-axis shows the share of parents for each birth cohort within each income group.

Each income group shows either the share of parents with zero earnings or with joint real earnings cor-

responding to any of the 1982 real earnings quintiles based on the non-zero earnings distribution. While

Table 2.1 showed that parents have become richer on average, Figure 2.3 shows that it is primarily the

upper part of the earnings distribution that have gained from that: while the share with real earnings

corresponding to the top earnings quintile in 1982 has more than doubled, the share with real earnings

corresponding to the bottom earnings quintile in 1982 has not decreased very much.
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Table 2.1: Descriptive Statistics for Observable Characteristics across Birth Cohorts

1982 1992 2002 2010
1) Age
Mother’s age 27.23 28.76 30.40 30.97

(4.76) (4.65) (4.78) (5.00)
Mother<20 years old 3.13% 1.56% 0.89% 0.97%
Mother>35 years old 5.67% 8.46% 15.09% 18.49%
Father’s age is missing 1.18% 1.47% 2.82% 3.23%
Father’s age 30.17 31.45 32.97 33.47

(5.50) (5.68) (5.57) (5.79)
Father<20 years old 0.65% 0.40% 0.18% 0.25%
Father>35 years old 15.62% 21.09% 29.46% 33.00%
2) Multiple Birth
Multiple birth 2.00% 2.84% 4.31% 4.30%
3) Smoking
Mother smoked during pregnancy NA 33.20% 20.53% 12.90%
Missing info about smoking† NA 6.90% 3.40% 2.62%
4) Immigrant Status
Mother is Danish 95.48% 93.02% 87.72% 86.02%
Mother is 1st generation immigrant 4.18% 6.47% 11.07% 11.99%
Mother is 2nd generation immigrant 0.23% 0.30% 0.98% 1.80%
Mother has missing info 0.11% 0.20% 0.23% 0.20%
Father is Danish 93.72% 90.50% 84.83% 84.31%
Father is 1st generation immigrant 4.63 % 7.38 % 11.19% 10.63%
Father is 2nd generation immigrant 0.19% 0.26% 0.68% 1.36%
Father has missing info 1.45% 1.85% 3.29% 3.70%
5) Real Income
Joint parental earnings‡ (2015 DKK) 418,630 442,657 502,532 571,892

(212,051) (249,385) (299,745) (322,936 )
Share with zero earnings 2.62% 4.02% 4.86% 2.24%
N 52,390 65,964 62,706 61,784

Note: Table shows means of parents’ observable characteristics. Standard errors are in parenthesis. Each of the categories
"Age", "Smoking", "Multiple Birth", "Immigration Status", and "Real Income" is different from 2010 at a 1% significance
level using a joint F-test for each of the depicted years. The only exception is the rate of "Multiple Birth" in 2002 which is
not statistically different from the rate in 2010. †Information about the mother’s smoking behaviour during pregnancy is
available from 1991 and forward. ‡Parents’ earnings are measured two years prior to birth.
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Figure 2.3: Changes in Real Income 1982-2010: Zero Earners and Earnings Corresponding to the 1982
Quintiles

Note: The Y-axis shows the share of parents for each birth cohort with a certain level of real earnings. I consider six income
groups. Each income group shows either the share of parents with zero earnings or with joint real earnings corresponding to
any of the 1982 real earnings quintiles based on the non-zero earnings distribution.

2.4. Methodology
2.4.1. Measuring Health Inequality

Each year, the degree of health inequality is measured by Wagstaff’s concentration index (WCI) and the

rate of poor health across the top, middle, and bottom decile. WCI is a commonly used summary mea-

sure of the distribution of (poor) health across the entire income distribution15. It answers the question:

is poor health statistically more likely to occur in the lower end of the income distribution? The rate of

poor health across income deciles provides insights regarding where in the income distribution a poten-

tial gap occurs and changes over time. Moreover, it shows the development of poor infant health within

a certain income decile over time.

The concentration index is an analog to the Gini index, based on the concentration curve instead of

the Lorentz curve. The concentration curve shows the cumulative share of health against the cumulative

share of the population ranked by their income from poorest to richest (see e.g. Wagstaff et al., 2007). If

everyone has the same level of health, the concentration curve would be a 45-degree line. The concen-

tration index is twice the area between the 45-degree line and the concentration curve. Intuitively, it is

a weighted covariance between poor health and income rank bounded between plus and minus one. If

the concentration index is zero, poor health is not concentrated in either ends of the income distribution.

An index smaller (larger) than zero reflects a scenario where poor health is concentrated among the poor

(rich).

15For empirical applications using concentration indices as measures of health inequality see e.g. Coveney et al.
(2020); Van Doorslaer & Jones (2003); Van Doorslaer et al. (2006); Van Ourti et al. (2009)
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A way to assess the magnitude of the index is to ask how much poor health needs to be transferred

from the poorer half of the income distribution to the richer half in order to obtain no (predicted) in-

equality. Multiplying the index with 100 yields the percentage that needs to be transferred as a lump

sum. Koolman & Van Doorslaer (2004) favours multiplying the index with 75 as this yields the percent-

age that would need to be linearly transferred in order to achieve predicted equality in a large sample16.

Since I consider binary health variables, I apply Wagstaff’s standardized version of the concentration in-

dex, WCI17. WCI defines the most unequal society, WCI= −1(1), as a society where the poorest (richest)

proportion of the population has all the poor health (Kjellsson & Gerdtham, 2013).

In practice, the concentration indices are estimated as regression coefficients from OLS regressions

of the fractional income rank on a modified measure of poor health following the procedure described

in O’Donnell et al. (2016); Wagstaff et al. (2007). In order to construct a reweighted concentration index,

the ranking variable and the modified health measure needs to be adjusted in addition to weighting the

OLS regression. Details are provided in Appendix B.1.

2.4.2. Relating Changes in Health Inequality to Changes in Parents’ Observable Characteristics

In order to investigate how changes in parents’ observable characteristics are related to changes in infant

health inequality, I apply the DFL-method by DiNardo et al. (1996) to construct counterfactual scenar-

ios18. The same approach has been used to account for the development of economic inequality by

Eika et al. (2019). In addition to its simplicity, Fortin et al. (2011) highlight that compared to standard

decomposition methods based on linear regression models, the DFL-method does not assume that the

underlying conditional expectation of the outcome variable given the explanatory variables is linear.

The DFL-method constructs counterfactual scenarios for a given year, t1, by holding the distribu-

tion of some dimension(s) of observable characteristics, z, fixed at a base year, t0, while letting other

characteristics vary over time. By comparing counterfactual scenarios with the actual state of the world

throughout the sample period, it is possible to get an idea about how important changes in that or those

variables are in explaining the observed development in health inequality. Basically, the DFL-method

reweights characteristics of parents in year t1 so that they look like parents in year t0 along the considered

dimensions.

Formally, let h denote infant health and R the fractional income rank. Assume that the t1 joint condi-

tional distribution of infant health and fractional income rank, F (h, R|z, th,R = t1), does not depend on

16Following Kjellsson & Gerdtham (2013), a binary health variable can be interpreted as a ratio-scaled projec-
tion of prevalence of a certain health condition on an aggregate level. Thus, one can think about the transfer-
interpretation as the percentage of poor health each e.g. decile in the poorest part of the income distribution needs
to transfer to each decile in the richest part.

17In contrast to the standard concentration index, WCI ensures that the index remains bounded between minus
one and plus one when considering binary health variables, thereby enabling comparison across time. Moreover,
WCI ensures that the absolute value of the index of poor health does not differ from the index of good health (for
details, see Wagstaff, 2005). The Koolman & Van Doorslaer (2004) interpretation of the standard concentration
index roughly holds when using WCI since Kjellsson & Gerdtham (2013) show that the WCI will be close to the
standard concentration when the spread of the health condition is low, which is the case in the applied setting.

18For a recent review, see Fortin et al. (2011).
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the t0 distribution of parents’ characteristics, dF (z|tz = t0), (invariance of the conditional distribution

assumption). Then it is possible to estimate a counterfactual joint distribution of infant health and in-

come rank, F (h, R; th,R = t1, tz = t0), simply be reweighting the joint actual distribution of infant health,

F (h, R|z, th,R = t1) dF (z|tz = t1), with ψz (z) =
dF(z|tz=t0)
dF(z|tz=t1)

:

F (h, R; th,R = t1, tz = t0) =
∫

z∈Ωz

F (h, R|z, th,R = t1) dF (z|tz = t0)

=
∫

z∈Ωz

F (h, R|z, th,R = t1)ψz (z) dF (z|tz = t1) (2.1)

Since measures of health inequality is based on the joint distribution of infant health, counterfactual

measures of health inequality can be obtained simply by constructing weighted concentration indexes

and weighted rates of infant health across income deciles using ψz (z) as weights. In order to actual

estimate ψz (z), it is enough to use simple fractions and estimate a binary response model19. The coun-

terfactual scenarios show the case where the distribution of z had remained at the base year level, but z

were related to infant health inequality as observed in the current year.

Following the literature (e.g. Eika et al. 2019; Geruso 2012), results are interpreted non-causally.

The DFL-method abstracts from general equilibrium effects and assumes no selection based on unob-

servables (Fortin et al., 2011). In my setting, causal interpretation requires that the joint conditional

distribution of infant health and income rank in year t1 remain valid when the distribution of parents

characteristics is held fixed at the base year t0 (invariance of the conditional distribution assumption).

This is clearly a strong assumption, which is likely not to hold. For example, changes in prenatal care or

changes in the cost of having a child could alter the relationship between parents’ observable character-

istics and health inequality between period t0 and t1
20. Instead, the analysis is considered an accounting

exercise of the contribution of different characteristics to the development health inequality. Thus, the

analysis does not identify causal mechanisms of the development of infant health inequality, but the

analysis descriptively shows how much of the observed development can be explained by the consid-

ered characteristics.

When calculating counterfactual scenarios, each of the five dimensions of parents’ characteristics

(age, smoking, multiple birth, immigrant status, and real earnings), has been considered both separately

and in different combinations using 1982 or 1991 as the base year. Parents’ age will be measured as a set

of dummy variables in order to allow for a flexible specification as well as a non-monotonic relationship

with infant health. Further, in order to investigate the role of increasing real earnings, dummy variables

for parents income group as defined in section 2.3.2 will be included. The remaining observable parental

characteristics will be included in z as different sets of dummy variables defined as in Table 2.1.

19For details, see Appendix B.
20Moreover, unobserved differences between birth cohorts such as pollution, medical technology, and quality

of hospitals may lead this assumption to fail. For a discussion of the assumption in another empirically setting,
see e.g. Altonji et al. (2012).
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2.5. Results
2.5.1. Development in Infant Health Inequality

Figure 2.4 shows the development of infant health inequality throughout the sample period, whereas

Table 2.2 summarizes the health measures in 1982 and 2010. Since all outcome measures are indicators

of poor health, a negative value of the concentration index means that poor infant health is concentrated

in the lower end of the income distribution. If the concentration index is not statistically different from

zero, it cannot be rejected that there is no concentration of poor infant health in either ends of the income

distribution.

Figure 2.4 (a)-(d) show that the SES gap for LBW and preterm birth has clearly declined throughout

the sample period. While the WCIs show that the incident of poor health is statistically more likely to

occur in the bottom part of the income distribution during the first half of the sample period, this is not

always the case in the second half of the sample period. In 1982, WCI for LBW and preterm birth is

−0.051 and −0.043, respectively. Using Koolman & Van Doorslaer (2004)’s interpretation, around 3.2−
3.8% of poor infant health should be linearly transferred from the lower part of the income distribution

to the upper part in order to obtain predicted equality. Throughout the sample period, the index value

of both WCIs gets closer to zero. Similarly, in 1982 the bottom income decile has approximately 1.5

pp. higher risk of having a LBW baby and a 1.2 pp. risk of having a preterm baby compared to the

top decile (Table 2.2). In relative terms, a child born in the bottom decile were 1.3 times more likely to

be LBW or preterm compared to a child born to the top decile. In 2010, the absolute difference has at

least halved, and similarly, the relative difference has reduced. However, the reason for the closing gap

differs. Whereas the gap in LBW is primarily closing because of an improvement in the bottom decile,

the gap in preterm birth is primarily closing because of an impairment among the top decile21.

Initially, WCI shows that infant mortality is statistically more likely to occur in the lower part of the

income distribution (Figure 2.4 (e)). An index value of −0.096 means that around 7.5% of the cases of

infant mortality should be linearly transferred from the bottom to the top of the of the income distribu-

tion in order to achieve predicted equality using Koolman & Van Doorslaer (2004)’s interpretation. The

point estimates show only a modest declining trend, and it cannot be rejected that WCI of infant mor-

tality in 2010 is different from the one in 1982 (Table 2.2). Yet, in contrast to the first half of the sample

period, there is no statistically significant level of inequality for most years during the second half of

the sample period using a 5% significance level (Figure 2.4 (e)). Likewise, both the absolute and relative

difference in the mortality rates between the top and bottom decile has reduced from 1982 to 2010. In

absolute (relative) terms, the gap has reduced from 0.40 pp. (1.70) to 0.16 pp. (1.56) (Table 2.2). The low

overall rate of infant mortality may explain the wide confidence bands of WCI and jumpy rates across

income deciles. Despite the uncertainty related with results for infant mortality, the overall declining

21In general, it was not possible to reject no inequality for very low birth weight (<1500g). The point estimates
of WCI were negative and showed a broadly constant trend. Using different cut-offs for a premature birth (<35 or
<33 completed weeks), WCI showed the same trend and initial degree of inequality as found when using preterm
birth (<37 weeks), but the confidence bands were larger.
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Figure 2.4: Inequality in Infant Health

(a) WCI for LBW (b) LBW across Income Deciles

(c) WCI for Preterm birth (d) Preterm Birth across Income Deciles

(e) WCI for Infant Mortality (f) Infant Mortality across Income Deciles

Note: WCI summarizes the distribution of poor health across the whole income distribution. When WCI<(>)0 there is a dis-
proportionate concentration of poor health among the poorest (richest) part of the income distribution. When WCI=0 there
is no overall health inequality. WCI∈[-1;1]. Grey bars show the 95% confidence bands of WCI. Birth cohort 2005 is excluded
in Figure (f) in order to comply with data protection regulations since the rate of infant mortality is very low for some of the
considered income deciles.
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Table 2.2: Health Inequality 1982 versus 2010

LBW PRETERM BIRTH INFANT MORTALITY

1982 2010 1982 2010 1982 2010

Wagstaff’s Concentration Index (WCI)a -0.051*** -0.014 -0.043*** -0.003 -0.096*** -0.071*
Test of difference 1982 vs. 2010b 2.470** 2.650*** 0.510
Rate of poor health across income deciles
0-10% 6.56% 5.96% 5.66% 7.01% 0.97% 0.45%
40-50% 5.69% 4.65% 4.89% 6.09% 0.82% 0.31%
90-100% 5.04% 5.24% 4.46% 6.57% 0.57% 0.29%

Absolute Difference Top & Bottom 1.52 pp. 0.72 pp. 1.20 pp. 0.44 pp. 0.40 pp. 0.16 pp.
Relative Difference Top & Bottom 1.30 1.14 1.27 1.07 1.70 1.56

Note: Table shows measures of health inequality in 1982 and 2010 equivalent to those depicted in Figure 2.4. aThe null
hypothesis of WCI=0 corresponds to no concentration of poor infant health at either ends of the income distribution.
bLarge sample Z-test statistic of the null hypothesis of no difference. *< .10 **p-value < .05 ***p-value < .01

trend in infant mortality (Figure 2.1) has benefitted all parts of the income distribution (Figure 2.4 (f)). In

an equality perspective, this is clearly a positive result.

The reduction in LBW inequality and, to a smaller extent, the declining gap in infant mortality are

in correspondence with US results by Aizer & Currie (2014) and Lin (2009), despite a very different

institutional setting. In both cases, the SES gap is much larger in the US, but the closing trend is present

in both countries22.

2.5.2. Counterfactual Development in Health Inequality

The SES gaps in LBW, preterm birth and, to a smaller extent, infant mortality have been closing during

recent decades. During the same period parents’ behaviour, immigrant status, and real income has

changed as well. This section asks how health inequality would have looked like in a given year, if

the distribution of some dimensions of parents’ observable characteristics had remained fixed at their

base year level, but those characteristics were related to infant health and income rank the same way

as in the current year. Results show which factors are important for descriptively explaining changes

in infant health inequality. Initially, the focus is on the counterfactual concentration indices in order to

assess whether the development of the overall level of health inequality can be explained by changes in

observable characteristics.

Figure 2.5 shows the scenario where the distribution of all considered characteristics is held fixed at

22Aizer & Currie (2014) find that the most disadvantaged mothers (African American women, who are un-
married and have less than a high school education) are 13 pp. more likely to have a LBW baby than the most
advantaged mothers (white, married and college educated women) in 1989. The difference has reduced to around
9 pp. from the year of 2000 and forward. Lin (2009) find that the gap in infant mortality among low and high
educated mothers is 9 cases per 1000 livebirths in 1983 whereas the difference has reduced to 6 per 1000 livebirths
in the year of 2000.
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the base year. The first thing to notice is that the development of the gap in infant mortality is not ex-

plained very well by changes in the considered variables (Figure 2.5 (e)-(f)). The counterfactual scenarios

are always contained within the 95% confidence bands of the actual scenario. This is also the case when

considering the different characteristics separately (Appendix C, Figure C.3). These results suggests that

other factors such as general technology improvements in pre- and neonatal care might be important in

explaining the declined gap in infant mortality (see e.g. Cutler & Meara, 2000). Therefore, the remaining

part of this section will focus on LBW and preterm birth inequality.

Here, the counterfactual scenarios in Figure 2.5 (a)-(d) show a much more modest decline in health

inequality. For LBW, the counterfactual scenario shows a broadly constant trend. Turning focus to the

individual characteristics, Figure 2.6 shows different scenarios where the distribution of one of the vari-

ables is held fixed at the base year. There is no unique identification of the relative importance of each

characteristics (Fortin et al., 2011), but this issue is addressed in section 2.6.1.

It is clear that primarily changes in multiple births are important when accounting for the closing

gap. In particular, if the share of multiple births had not increased, the observed declining trend would

have been much more modest throughout the sample period (Figure 2.6 (b) & (g)). This suggests that

fertility behaviour and the adoption and increasing use of fertility treatments may be an important ex-

planation for the observed development. Similarly, Lin (2009) found that a reduced inequality across

mother’s education in LBW was driven by an increase in the number of multiple births among women

with a high education. Reduction in smoking behaviour can primarily help account for changes in health

inequality in recent years (Figure 2.6 (c) & (h)). In recent years, the counterfactual scenarios for multiple

births and smoking are not included in the confidence bands of the actual scenario when considering

LBW inequality, whereas that is not always the case for preterm birth inequality. Increasing age also

account for a part of the reduction in LBW inequality (Figure 2.6 (a)), even though the counterfactual

scenarios are always included in the confidence bands of the actual scenario. However, changes in the

age distribution do not change preterm birth inequality monotonically nor to the same extent (Figure 2.6

(f)). Changes in parents immigrant status and real income were not found to be important.

In order to understand how these changes in parents’ age, multiple births, and smoking during

pregnancy affected different parts of the income distribution, counterfactual rates of poor health across

different income deciles are depicted in Figure 2.7. In the case, where the distribution of multiple births

was as in 1982, both the rate of preterm birth and LBW would have been lower for all parts of the

income distribution, but relatively lower for the top decile. Holding the mother’s smoking behavior

fixed at the base year level indicates that the rate of LBW and the rate of preterm birth would have been

higher for all parts of the income distribution. However, the rate for the bottom decile would have been

relatively larger in recent years. This is especially the case for LBW. If parents’ age had not increased,

LBW inequality would have been higher throughout most of the sample period. The counterfactual

rate of LBW shows that a relative impairment of children in the bottom decile drives this result. This is

consistent with the fact that the rate of teenage mothers reduced primarily during the beginning of the

sample period (see Table 2.1).
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Figure 2.5: Counterfactual WCIs - All Characteristics

(a) LBW, Baseyear 1982 (b) LBW, Baseyear 1991

(c) Preterm Birth, Baseyear 1982 (d) Preterm Birth, Baseyear 1991

(e) Infant Mortality, Baseyear 1982 (f) Infant Mortality, Baseyear 1991

Note: The green lines show the actual development of Wagstaff’s concentration index (WCI) whereas the red lines show the
counterfactual development. The counterfactual WCIs show the scenario where parents’ age, multiple birth, immigrant status,
and real income were distributed as in 1982, or as in 1991 when also considering smoking. WCI summarizes the distribution
of poor health across the whole income distribution. When WCI<(>)0 there is a disproportionate concentration of poor health
among the poorest (richest) part of the income distribution. When WCI=0 there is no overall health inequality. WCI∈[-1;1].
Grey bars show the 95% confidence bands of WCI. Birth cohort 2005 is excluded in Figure (f) in order to comply with data
protection regulations since the rate of infant mortality is very low for some of the considered income deciles.



2.5. RESULTS 57

Fi
gu

re
2.

6:
C

ou
nt

er
fa

ct
ua

lW
C

Is
by

ea
ch

C
ha

ra
ct

er
is

ti
c

Lo
w

B
ir

th
W

ei
gh

t(
LB

W
)

(a
)A

ge
,1

98
2

(b
)M

ul
ti

pl
e

Bi
rt

hs
,1

98
2

(c
)S

m
ok

in
g,

19
91

(d
)R

ea
lI

nc
om

e,
19

82
(e

)I
m

m
ig

ra
nt

St
at

us
,1

98
2

Pr
et

er
m

B
ir

th
(f

)A
ge

,1
98

2
(g

)M
ul

ti
pl

e
Bi

rt
hs

,1
98

2
(h

)S
m

ok
in

g,
19

91
(i

)R
ea

lI
nc

om
e,

19
82

(j)
Im

m
ig

ra
nt

St
at

us
,1

98
2

N
ot

e:
Th

e
gr

ee
n

lin
es

sh
ow

th
e

ac
tu

al
de

ve
lo

pm
en

to
fW

ag
st

af
f’

s
co

nc
en

tr
at

io
n

in
de

x
(W

C
I)

w
he

re
as

th
e

re
d

lin
es

sh
ow

th
e

co
un

te
rf

ac
tu

al
de

ve
lo

pm
en

t.
T

he
co

un
te

rf
ac

tu
al

W
C

Is
sh

ow
th

e
sc

en
ar

io
s

w
he

re
th

e
lis

te
d

ch
ar

ac
te

ri
st

ic
in

ea
ch

ye
ar

w
as

di
st

ri
bu

te
d

as
in

19
82

or
as

in
19

91
w

he
n

co
ns

id
er

in
g

sm
ok

in
g.

W
C

Is
um

m
ar

iz
es

th
e

di
st

ri
bu

ti
on

of
po

or
he

al
th

ac
ro

ss
th

e
w

ho
le

in
co

m
e

di
st

ri
bu

ti
on

.W
he

n
W

C
I<

(>
)0

th
er

e
is

a
di

sp
ro

po
rt

io
na

te
co

nc
en

tr
at

io
n

of
po

or
he

al
th

am
on

g
th

e
po

or
es

t(
ri

ch
es

t)
pa

rt
of

th
e

in
co

m
e

di
st

ri
bu

ti
on

.W
he

n
W

C
I=

0
th

er
e

is
no

ov
er

al
lh

ea
lt

h
in

eq
ua

lit
y.

W
C

I∈
[-

1;
1]

.G
re

y
ba

rs
sh

ow
th

e
95

%
co

nfi
de

nc
e

ba
nd

s
of

W
C

I.



58 CHAPTER 2. THE DEVELOPMENT OF INFANT HEALTH INEQUALITY

Fi
gu

re
2.

7:
C

ou
nt

er
fa

ct
ua

lR
at

es
ac

ro
ss

In
co

m
e

D
ec

ile
s

(a
)A

ct
ua

l,
19

82
(b

)A
ge

,1
98

2
(c

)M
ul

ti
pl

e
Bi

rt
hs

,1
98

2
(d

)S
m

ok
in

g,
19

91

(e
)A

ct
ua

l,
19

82
(f

)A
ge

,1
98

2
(g

)M
ul

ti
pl

e
Bi

rt
hs

,1
98

2
(h

)S
m

ok
in

g,
19

91

N
ot

e:
Su

b-
fig

ur
e

(a
)a

nd
(e

)s
ho

w
th

e
ac

tu
al

de
ve

lo
pm

en
to

ft
he

ra
te

of
lo

w
bi

rt
h

w
ei

gh
t(

<2
50

0g
)a

nd
pr

et
er

m
bi

rt
h(

<3
7

co
m

pl
et

ed
w

ee
ks

)a
cr

os
s

in
co

m
e

de
ci

le
s

w
he

re
as

th
e

re
m

an
in

g
Su

b-
fig

ur
es

sh
ow

th
e

co
un

te
rf

ac
tu

al
ra

te
s

ac
ro

ss
in

co
m

e
de

ci
le

.T
he

co
un

te
rf

ac
tu

al
ra

te
s

ac
ro

ss
in

co
m

e
de

ci
le

s
sh

ow
th

e
sc

en
ar

io
s

w
he

re
th

e
lis

te
d

ch
ar

ac
te

ri
st

ic
in

ea
ch

ye
ar

w
as

di
st

ri
bu

te
d

as
in

19
82

or
as

in
19

91
w

he
n

co
ns

id
er

in
g

sm
ok

in
g

be
ha

vi
ou

r.



2.6. SENSITIVITY ANALYSES 59

2.6. Sensitivity Analyses
2.6.1. Relative Importance of Parents’ Observable Characteristics

The relative importance of the considered characteristics, z, cannot be uniquely determined when using

the DFL-method (Fortin et al., 2011). While the characteristics can be included stepwise in the weighting

function, ψz (z), before calculating counterfactual measures of inequality, this procedure cannot uniquely

determine the contribution ascribed to each characteristic. Instead, the relative importance of each char-

acteristic depends in the order in which they are included in the weighting function. I address the issue

by using a deterministic stepwise procedure inspired by Altonji et al. (2012) when possible, and when

not, I supplement with Geruso (2012)’s approach.

Altonji et al. (2012) argue that the stepwise order in which the variables should be included in ψz (z)

can be determined hierarchically in the sense that some sub partition of the vector of observable charac-

teristics, e.g. z1, is determined before others, e.g. z2. Following this idea, the observable characteristics

have been included in a deterministic stepwise order in order to determine the relative importance of

each factor23. When no clear deterministic order exists, Geruso (2012)’s reasoning is used: the character-

istics are included in different orderings. One can then compare the different orderings with the one that

includes all to get a sense of the relative importance of each factor.

In my settings, the observable characteristics are included in the weighting function in the following

order: First, parents’ immigrant status is included. As parents’ age and income are determined before

the number of fetuses, they are included before multiple births. Since the ordering of age and income

is not clear, both are included together with parents’ immigrant status separately as well as simultane-

ously. Using 1991 as the base year makes it possible to also consider the mother’s smoking habits during

pregnancy. Since a multiple birth is determined at or shortly after conception, smoking is considered to

be determined before a multiple birth but, after income and age24. Appendix C, Figure C.4-C.6 show the

results for LBW and preterm birth using the procedure described above25.

Results indicate, that the factors identified in section 2.5.2 remains being important. In particular,

multiple birth is a key factor in explaining the closing gap in preterm birth and LBW. The rapid increase

in multiple births can be interpreted as the introduction and increasing use of fertility treatments. It is

an open question to which extent this development creates a new population of parents and to which

extent this possibility makes people change fertility behavior e.g. by postponing having children. Yet,

23Altonji et al. (2012)’s procedure assumes that the relationship between z1 and z2 is the same in both the base
year and current year, and that changes in the distribution of z1 will entail changes in the distribution of z2. Thus,
this ordering implicitly assumes that changes in e.g. parents’ immigrant status affects parents age at birth and that
changes in parents’ age affects whether the birth is a multiple birth or not.

24The smoking variable indicates if the mother has been smoking at some point during pregnancy. Some moth-
ers may make a deliberate choice to stop smoking before trying to conceive. Others may stop as soon as they
discover they are pregnant, but in that case, they have still been smoking during pregnancy. Thus, I assume
mother’s smoking habits right before conception determines her smoking status during pregnancy.

25Not all steps are shown when using 1991 as the base year. Results generally show the same trends, but
smaller differences between the actual and counterfactual scenarios. Yet, age is not important for changes in LBW
inequality. This is not surprising because the counterfactual scenario using 1982 as the base year started to differ
from the actual scenario before 1991 (see Figure 2.6). Results are available from the author.
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even when accounting for changes in the age distribution before assessing the importance of multiple

births, results show that changes in the distribution of multiple birth is key.

2.6.2. Singleton Births

Multiple births are included in the main sample as they reflect a change in fertility behaviour that to

some degree also depends on parents’ characteristics such as age. However, some may argue that the

population of singleton births should be considered separately since it is fundamentally different. Un-

surprisingly, excluding multiple births shows a similar picture as the results holding the distribution for

multiple births fixed: the development of the gap in infant mortality is rather unchanged, the gap in

LBW is broadly constant, whereas the gap in preterm birth only shows a slightly declining trend. Im-

portantly, the counterfactual scenarios changed the actual concentration indexes in the same direction as

seen in the main analysis26.

2.6.3. Income Measures

Several measures of income have also been considered in order to see how sensitive the main results are

to the choice of income measure. First, while earnings can be seen as a measure of labor market pro-

ductivity, it does not include all types of income. For example, capital income may exacerbate income

differences (OECD, 2011b) and/or change the income ranking. Therefore, the main analysis has been

redone using parents’ joint gross income. Main results are generally robust, but the role smoking mat-

ters less for explaining the closing gap in preterm birth. Thus, the ranking of parents where the mother

smokes during pregnancy and who have children born preterm may differ depending on income mea-

sure. Smoking remains being an important explanation for the closing gap in low birth weight in recent

years. Results are available from the author.

Secondly, the main analysis has also been redone using mother’s earnings only. Main conclusion

is robust to using only mothers earnings, but there are some differences along the earnings deciles. In

particular, while the gap between the top and bottom decile is closing, the middle decile outperforms

the top for the entire second half of the sample period for LBW and preterm birth. Additionally, the

counterfactual rates for LBW across income decile holding the age-distribution fixed at the base year do

not primarily affect the bottom decile. Using only mother’s earnings has the disadvantage of a large

share with zero earnings (overall 15%) making the rank less informative about SES. In contrast, using

joint parental earnings the share of zero earners constitute only 4%. Results are available from the author.

Interestingly, the role of smoking explains a larger part of the closing gap when using only the mother’s

earnings.

26Results are available from the author.
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2.6.4. Erreyger’s Concentration Index

As different concentration indices use different weighting schemes, their implicit value judgements dif-

fer (Kjellsson & Gerdtham, 2013). To explore the sensitivity of my results to the choice of implicit value

judgement, I have also considered another measure of inequality suited for considering a binary health

variables: Erreyger’s concentration index, ECI. In the applied setting, WCI will be close to a relative

measure27 of poor health inequality. Whereas WCI takes the spread of the health condition into account,

ECI does not. Instead ECI is an absolute measure of inequality. Since the rates of poor health are low,

the level of inequality is unsurprisingly smaller when using ECI, but the trends and relationship with

changes in observable characteristics remain the same. Additionally, when applying ECI the develop-

ment of infant mortality is more clearly declining over the sample period. This can be explained by the

fact that infant mortality has decreased for all parts of the income distribution during the sample pe-

riod28. ECI for infant mortality can be seen in Appendix C. Figure C.7, whereas the remaining results are

available from the author.

2.7. Discussion and Conclusion
The aim of this paper was to investigate how infant health inequality has developed over the last couple

of decades and to which extent changes could be related to changes in parents’ observables characteris-

tics. First, this study documented that the SES gap in LBW, preterm birth and to a smaller extent, also in

infant mortality, has been closing from 1982-2010. This trend was present both for raw differences in the

rate of poor health across different income deciles and when considering WCI, but the reduction in WCI

was only statistically significant for LBW and preterm birth .

Using the DFL-method to relate changes in health inequality to changes in five dimensions of par-

ents’ characteristics (age, multiple births interpreted as fertility treatments, mother’s smoking during

pregnancy, immigrant status, and real income), two main results occurred. First, the development of

the SES gap in infant mortality could only to a limited extent be explained by the considered charac-

teristics which suggest that other factors are important. An obvious candidate is general technology

improvement in pre- and neonatal care (see e.g. Cutler & Meara, 2000). Second, changes in parents’ be-

haviour and the introduction of fertility technology were found to be important in explaining changes in

LBW and preterm birth inequality. More specifically, descriptive counterfactual scenarios showed that

if the share of multiple births (fertility treatments) had not increased and, to a smaller extent, if smoking

during pregnancy had not decreased, SES inequality would have been higher. Additionally, if age at

27I follow Kjellsson & Gerdtham (2013) in using the language of absolute and relative value judgement even
when discussing a binary variable by interpreting it as a ratio-scale proxy.

28ECI defines the most unequal society as one where the poorest (richest) 50% of the population all has poor
(good) health and the remaining good health. Since the rates of poor health are low, it is not surprising that this
measure indicates a lower level of inequality; the observed situation is far from the must unequal scenario. On the
other hand, WCI defines the most unequal society as one where the top/bottom proportion has all the health and
the remaining none. See Kjellsson & Gerdtham (2013) for details about concentration indices and their implicit
value judgements.
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parenthood had not increased, this would also have led to a slightly higher degree of LBW inequality.

In particular, changes in multiple births (fertility behaviour and the introduction of fertility technology)

were key in explaining the closing gap.

The counterfactual results showed that the increase in multiple births accounted for a large share

of the closing gap by making children born to higher end of the income distribution relatively worse

off in terms of LBW and preterm birth. This result highlights that changes in the behaviour of not only

low SES parents, but also the behaviour of high SES parents are important when explaining changes in

LBW and preterm birth inequality. Additionally, a closing gap may not be as positive as it first appears,

since a large part of the closing gap in LBW and preterm birth can be accounted for by a relative (and

absolute) impairment of infant health among high SES newborns. Yet, if the introduction of fertility

treatments has enabled a whole new population of children, who otherwise would not have been born,

the role of multiple births and fertility treatments may not be that discouraging after all. Still, policy

makers should be aware that (successful) fertility treatments are primarily taken up by parents with

better economic standards, and that children conceived this way may be associated with worse health

outcomes. Thus, policy interventions may target children conceived with fertility treatment.

While, the increase in multiple births accounted for a large share of the closing gap, the SES gap was

not found to increase among singleton births either. Thus, in line with most of the existing literature,

this study finds that the development of infant health inequality shows a more promising prognosis

for the future than the development of health inequality found among older generations. Nevertheless,

the results suggest that there is still room for policy interventions targeted at low SES families, as they

remains being worse off when accounting for multiple births (fertility treatments).

The main conclusion was robust to using different types of income measures, but since income is

sensitive to the time of measurement (e.g. Haider & Solon, 2006), future studies with access to a longer

panel of data should rank parents based on grandparents’ income or a measure of permanent income.

In contrast to standard decomposition methods based on linear regression models, the DFL-method

does not assume that the underlying conditional expectation of health inequality given parents’ charac-

teristics is linear (see, Fortin et al., 2011). Yet, it is important to keep the descriptive nature of this analysis

in mind. Geruso (2012) and Eika et al. (2019) highlight that the DFL-method abstracts from potentially

important partial or general equilibrium effects and that results can be driven by omitted factors corre-

lated with both observable characteristics and infant health inequality. Obviously, fertility treatment is

not the only factor determining a multiple birth. Yet, multiple births remained being a key explanation of

the reduction in health inequality even when accounting for changes in immigrant status, parents’ age,

smoking, and real income before assessing the importance of multiple births. This result strengthens the

interpretation that the increase in multiple births is a result of fertility treatments. The introduction of

fertility treatments may be considered an exogenous technology shock to the individual, but individual

fertility behaviour remains being an endogenous choice. Additionally, it must be highlighted that the

importance of smoking also will capture the importance of other types of risky behaviour or differences

in time-preferences correlated with both smoking and infant health inequality. Therefore, future research
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should search for settings where it is possible to investigate the causal impact of changes in observable

parental characteristics on infant health inequality.

Moreover, it is remarkable how little counterfactual estimates changed the development of infant

mortality inequality. Future research trying to explain the development in infant health inequality

should focus on the role of technological changes, additional types of parental behaviour and parents’

health as Aizer & Currie (2014) found a SES difference in the mother’s pre-pregnancy health conditions

in dimensions associated with infant health.

Finally, the overall reduction in infant mortality was not mirrored in overall rates of preterm birth and

LBW. Therefore, an interesting and important question left for future research is whether the association

between long run outcomes and both LBW and preterm birth have changed over time as well?
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Appendix

A. Variable Definitions
Infant mortality A liveborn child who dies within the first 365 days of his or her life. Corresponds to

infant death in Barfield et al. (2011).

Preterm Birth Before 1997, gestational length is measured in completed weeks, whereas it is mea-

sured in days after 1996. To make the data comparable across time when considering the full gesta-

tional length distribution, observations after 1996 has been turned into completed weeks. According to

Statistics Denmark, gestational length is only recorded from gestational week 20 before 1997. The few

observed gestational lengths below this cut-off has been put to missing in order to have comparable data

before and after 1997. In accordance with WHO’s definitions (WHO, 2018), preterm birth is defined as a

birth before 37 completed weeks of gestation.

LBW Birth weight is measured in gram. Before 1991, the measure is recorded in 10 gram intervals

after which it is measured in gram units. I follow Kreiner & Sievertsen (2020) in using the midpoint of

the intervals for birth weights recorded before 1991. Observations with a birth weight below 510 gram

is put to be missing if one of the following conditions holds: i) two different measures of birth weight

exists and disagree with more than 100 grams, ii) the birth weight is below 200 gram29. Following the

literature, LBW is defined as a birth weight below 2500 gram.

Earnings Earnings is defined as the total sum of all earnings from all employments during a year. If

any parent is below 17 in the birth year, their earnings two year prior to birth year is put to zero since

earnings is only available in a given year for individuals who have turned 15 in the end of that year.

When father’s information is missing, his income is imputed using year and age-specific means30. Joint

earnings are simply the sum of the mother’s and (imputed) father’s earnings.

Gross Income Gross income includes taxable gross income before deductions and includes personal

primary taxable income, profits from own business, capital income, foreign income, and separate income

(særlig indkomst). At any given point in time, this measure is dependent on current tax laws. To have a

measure that is comparable across time, two modifications are made. First, I follow Statistic Denmark’s

29By inspecting the data, these observations seem primarily to be errors when holding them together with e.g.
gestational age.

30The father’s income is put equal to the mean of his age-group (<20, [20;30), [30;40), [40;50), [50;60) >59, missing
info about age) among the population of men who became fathers in the same birth year. If there is no information
about the father, the mean is based on fathers linked to mothers in the same age-group (<20, [20;30), [30;40),>39)
and birth year as the observed mother.
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recommendation of how to transform the variable to make it comparable before and after 1995 which

can be seen in eq. A.1 below31:

Gross Income∗t = Gross Incomet + Non-Recurring Incomet · 1{t < 96} −Dividendst · 1{t < 94}

+Social Benefitst · 1{t < 94} (A.1)

Where

Social Benefitst = Social Securityt · 1{t < 94}+ Rehabilitation Benefitt · 1{t > 82 & t < 90} (A.2)

Because of data availability, I subtract a measure of taxable social security and rehabilitation benefit

from 1994 and forward32 instead of adding it to previous years. However, I am not able to adjust for the

fact that taxable rehabilitation benefits will be contained in gross income from 1990-1993.

Second, rental value of own home is only contained in gross income up to and including 1999. I

follow Humlum (2011) in using the cash value of real estate owned and a rough guideline of how the tax

authorities calculated rental value in 1999 to create a measure to add from the year of 2000 and forward33.

Gross income is only observed for individuals who are 15 in the beginning of a year. A young parent,

who two years prior two birth falls below this threshold are included in the analysis with a gross income

put to zero.

Parents’ Age Group When calculating the weights, ψz (z), parents age is measured as two groups of

dummy variables. Mother’s age groups are the following: < 20, [20; 25), [25; 30), [30; 35), [35; 40),≥ 40.

Father’s age groups are: Missing, < 20, [20; 25), [25; 30), [30; 35), [35; 40), [40; 45), [45; 50) ≥ 50.

B. Methodology
B.1. Wagstaff’s Concentration Index & Income Deciles

For large samples, Wagstaff’s concentration can be estimated as the regression coefficient, β1, from an

OLS regression of the following model (see e.g. O’Donnell et al., 2016; Wagstaff et al., 2007):

h∗ =
(

2σ2
R

(1− µh) µh

)
· hi = β0 + β1Ri + εi (B.1)

31For further information, see https://www.dst.dk/da/Statistik/dokumentation/Times/
forebyggelsesregistret/brutto.

32The measure is available from 1994 and summarizes taxable social security (both activation and non-
activation), rehabilitation benefit, and immigration benefit (social security is reduced for immigrants in 1998 such
that they are only eligible for a smaller amount of support called immigration benefit. The rules have changed
several times since).

33For further details, see https://www.dst.dk/da/Statistik/dokumentation/Times/
personindkomst/ovskejd. In 2007 the cash value of own home is missing, so the value listed in 2006 is
used instead.

https://www.dst.dk/da/Statistik/dokumentation/Times/forebyggelsesregistret/brutto
https://www.dst.dk/da/Statistik/dokumentation/Times/forebyggelsesregistret/brutto
https://www.dst.dk/da/Statistik/dokumentation/Times/personindkomst/ovskejd
https://www.dst.dk/da/Statistik/dokumentation/Times/personindkomst/ovskejd
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where h∗ is a modified measure of health, Ri is the fractional income rank handling ties with the

mean approach34, hi is an indicator of poor health, and µh is the mean rate of poor health, σ2
R is the

variance of Ri, and εi is an error term.

OLS standard errors are used, but results are unchanged when standard errors are clustered at the

mother’s identifier. The standard errors do not take the sampling variability of the estimate of µh into

account but typically, this makes very little difference (O’Donnell et al., 2016; Wagstaff et al., 2007).

In order to construct a reweighted concentration index, it is not enough to reweight the estimation

model in (B.1); the fractional income ranking, Ri, and the modified measure of health, h∗, need to be

adjusted as well. Following O’Donnell et al. (2016), I adjust ties with the mean approach and calculate

the (weighted) fractional income rank the following way:

Ri = [Σn
i=1wi]

−1 {q (yi − 1) + 0.5 [q (yi)− q (yi − 1)]} (B.2)

where wi denotes the weight of individual i, and q(yi) denotes the share of people with an income

level of maximum yi s.t. q (yi) = Σn
k=11 (yk ≤ yi)wk. Additionally, when calculating h∗, σ2

R needs to be

based on the weighted fractional rank from (B.2) and accordingly, µh in (B.1) needs to correspond to the

weighted sample (see Wagstaff et al., 2007). Equation (B.2) is also the basis for constructing (weighted)

income deciles when constructing (weighted) rates of poor health across income deciles.

B.2. The DFL-method - Additional Details

In order to actual estimate the reweighting function, ψz (z), it is enough to use simple fractions and

estimate a binary response model. This becomes clear when using Bayes’ rule:

ψz (z) =
dF (z|tz = t0)

dF (z|tz = t1)
=

P(tz = t0|z)P (z)
P(tz = 0)

∗ P(tz = t1)

P(tz = t1|z)P (z)
=

P(tz = t0|z)
P(tz = t1|z)

∗ P(tz = t1)

P(tz = t0)
. (B.3)

The propensity scores, P(tz = tj|z), j = 0, 1, are estimated by the probit model and P(tz = tj) =
ntj

ntj+nt−j
, j = 0, 1 are simple fractions. For additionally details about the method, see e.g. Fortin et al.

(2011).

34All ties in the income rank, ri, are given the mean rank of the corresponding number of observations.
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C. Additional Results

Figure C.1: Infant Health 1982-2010

(a) Very Low Birth Weight (b) Very Preterm Birth

Note: The grey areas show the 95% confidence bands. Birth cohorts are in the range of 50,534-68,194. For each birth cohort, in-
formation about children’s birth weight is missing in 0.51%-2.03% of the cases whereas information about the child’s gestational
length is missing in 0.59%-1.86% of the cases.

Figure C.2: The Lower Range of the Birth Weight & Gestational Length Distribution, 1982 & 2010
(a) The Lower End of the Birth Weight Distribution (b) The Lower End of the Gestational Length Distribution

Note: In 1982, 52,930 liveborn children were born whereas 61,784 liveborn children were born in 2010. Figure (a) shows the
kernel densities for the lower end of the birth weight distribution depicted for the range of 600-2500 gram. Kernel densities
are estimated using an Epanechnikov kernel with the ’optimal’ bandwidth The vertical lines indicate very low birth weight
(1500<g) and low birth weight (2500<g). Gestational length in Figure (b) is measured in completed weeks and is depicted for
all preterm births (<37 completed weeks). The vertical line indicates a very preterm birth (<33 completed weeks).
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Figure C.3: Counterfactual WCIs for Infant Mortality by each Characteristic

(a) Age, 1982 (b) Multiple Births, 1982

(c) Smoking, 1991 (d) Real Income, 1982

(e) Immigrant Status, 1982

Note: The green lines show the actual development of Wagstaff’s concentration index (WCI) whereas the red lines show the
counterfactual development. The counterfactual WCIs show the scenarios where the listed characteristic in each year was dis-
tributed as in 1982 or as in 1991 when considering smoking. WCI summarizes the distribution of poor health across the whole
income distribution. When WCI<(>)0 there is a disproportionate concentration of poor health among the poorest (richest) part
of the income distribution. When WCI=0 there is no overall health inequality. WCI∈[-1;1]. Grey bars show the 95% confidence
bands of WCI.
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Figure C.4: Counterfactual WCIs for LBW - Stepwise Inclusion of Observable Characteristics

(a) Immigrant Status,1982 (b) Immigrant Status + Age + Income Group, 1982

(c) Immigrant Status + Age + Inc. Group + Multiple
Births, 1982 (d) Immigrant Status + Age + Income Group , 1991

(e) Immigrant Status + Age + Inc. Group + Smoking,
1991 (f) All Characteristics, 1991

Note: LBW refers to low birth weight (<2500g). The green lines show the actual development of Wagstaff’s concentration
index (WCI) whereas the red lines show the counterfactual development. The counterfactual concentration indexes show the
scenarios where one or several of the characteristics in each year were distributed as in the base year (1982 or 1991). Following
, one can determine the relative importance of e.g. multiple births by comparing Figure (b) and Figure (c) using 1982 as the
base year. WCI summarizes the distribution of poor health across the whole income distribution. When WCI<(>)0 there is a
disproportionate concentration of poor health among the poorest (richest) part of the income distribution. When WCI=0 there
is no overall health inequality. WCI∈[-1;1]. Grey bars show the 95% confidence bands of WCI.
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Figure C.5: Counterfactual WCIs for Preterm Birth - Stepwise Inclusion of Observable Characteristics

(a) Immigrant Status, 1982 (b) Immigrant Status + Age + Income Group, 1982

(c) Immigrant Status + Age + Inc. Group + Multiple
Births, 1982 (d) Immigrant Status + Age + Income Group , 1991

(e) Immigrant Status + Age + Inc. Group + Smoking,
1991 (f) All Characteristics, 1991

Note: The green lines show the actual development of Wagstaff’s concentration index (WCI) whereas the red lines show the
counterfactual development. The counterfactual concentration indexes show the scenarios where one or several of the charac-
teristics in each year were distributed as in the base year (1982 or 1991). Following , one can determine the relative importance
of e.g. multiple births by comparing Figure (b) and Figure (c) using 1982 as the base year. WCI summarizes the distribution
of poor health across the whole income distribution. When WCI<(>)0 there is a disproportionate concentration of poor health
among the poorest (richest) part of the income distribution. When WCI=0 there is no overall health inequality. WCI∈[-1;1].
Grey bars show the 95% confidence bands of WCI.
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Figure C.6: Counterfactual WCIs for Preterm Birth and LBW- Relative importance of Age and Income

(a) Immigrant Status + Income Group, 1982 (b) Immigrant Status + Income Group, 1982

(c) Immigrant Status + Age, 1982 (d) Immigrant Status + Age, 1982

(e) Immigrant Status + Age + Income Group, 1982 (f) Immigrant Status + Age + Income Group, 1982

Note: The green lines show the actual development of Wagstaff’s concentration index (WCI) whereas the red lines show the
counterfactual development. The counterfactual concentration indexes show the scenarios where one or several of the charac-
teristics in each year were distributed as in 1982. Since there is no clear hierarchal order of age and income, one can compare the
relative importance of each by comparing the scenario that includes only one of them, with the one that includes both following
Geruso (2012). WCI summarizes the distribution of poor health across the whole income distribution. When WCI<(>)0 there
is a disproportionate concentration of poor health among the poorest (richest) part of the income distribution. When WCI=0
there is no overall health inequality. WCI∈[-1;1]. Grey bars show the 95% confidence bands of WCI.
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Figure C.7: Erregyer’s Concentration Index (ECI) for Infant Mortality

(a)

ECI∈ [−1; 1] and summarizes the distribution of poor health across the whole income distribution. When ECI< (>)0 there is
a disproportionate concentration of poor health among the poorest (richest) part of the income distribution. When ECI= 0
there is no overall health inequality. ECI defines the most unequal society as one where the poorest (richest) 50% of the
population all has poor health and the remaining good health. In contrast, Wagstaff’s concentration index (WCI) takes the
spread of a health condition into account and defines the most unequal society as one where the top/bottom proportion has
all the health and the remaining none.
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Abstract

This study investigates causal effects of inducing labour on mother and child health. Using Danish ad-

ministrative data, this study exploits a natural experiment caused by the introduction of new national

guidelines for post-date pregnancies in 2011. Consequently, routine labour induction was moved for-

ward from 14 days past the expected due date to 10-13 days past the expected due date and extended

antenatal surveillance was introduced from 7 days past the expected due date. Using a difference-in-

difference strategy, this study finds that the probability of being induced increased with 9.31-11.02 per-

centage points (31.96-37.85%) on average the following years for affected first-time mothers. Yet, short

and medium run health outcomes were largely unaffected.

Key words: Labour Induction, Child Health, Maternal Health, Natural Expiriment, Difference-in-

Difference Design
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3.1. Introduction
During recent decades, the use of labour induction has increased in many parts of the world and in 2011,

close to every fourth birth at term was induced in developed countries (WHO, 2011). This high number

has caused a concern that too many births are being induced, which may create unnecessary adverse

effects for mothers and children (Rydahl et al., 2019b). This paper sheds light on one of the reasons

behind the growing number of induced births: earlier routine induction of post-date pregnancies.

Inducing post-date pregnancies involves a tradeoff between health risks associated with increasing

gestational age and risks of induction in itself1. Different societies of obstetricians and gynaecologists

disagree whether the existing evidence calls for routine induction before two weeks after the expected

due date2. This disagreement leads to different recommendations and practices. While the WHO (2011;

2018) weakly recommends labour induction 7-13 days past due date, they also point to a need of further

research on the consequences of labour induction for mothers and children.

Not only does the existing literature still debate the optimal time for inducing post-date pregnancies,

it has primarily focused on very short run consequences of inducing labour3. However, early medical

interventions may have long run implications for children’s human capital development. A large body

of evidence links infant health not only with future health, but also with performance in test scores,

education, and labour market outcomes (Almond & Currie, 2011; Almond et al., 2018). When weigh-

ing harms of labour induction against benefits, it is therefore crucial to include effects beyond those

measured shortly after birth.

This paper aims to help fill this research gap by evaluating effects of earlier routine induction on

child and mother health up to three years after birth. I use the introduction of new obstetric guidelines

introduced in Denmark in 2011 (DSOG, 2011b) as exogenous variation. The Danish setting provides

a highly relevant pseudo-experiment that helps pin-down the optimal time to offer routine induction.

Much of the ongoing discussion revolves around whether routine induction prior to 14 days after the

expected due date is beneficial or not. The new guidelines moved routine induction of low risk preg-

nancies forward to 10-13 days after the expected due date instead of 14 days after. Additionally, they

introduced extended antenatal surveillance for low risk pregnancies going at least 7 days past their due

date. Using a difference-in-difference strategy, I compare first-time mothers going at least 7 days past

due date before and after implementing the new guidelines with a control group of first-time mothers

going 3-6 days past their due date.

I restrict my analysis to first-time mothers and exclude mothers with high age and high Body Mass

Index (BMI) because they were affected differently by the new guidelines. Using rich Danish adminis-

trative data with information about complete birth cohorts, gestational length and whether a birth has

been induced or not, I am able to evaluate effects of earlier routine induction on child and mother health

up to three years after birth.

1See e.g. Rydahl et al. (2019a); Rydahl et al. (2019b); Wolff et al. (2016)
2Details are provided in section 3.2.3.
3See e.g. Hedegaard et al. (2014); Hedegaard et al. (2015); Rydahl et al. (2019a); Rydahl et al. (2019b); Wolff

et al. (2016); Zizzo et al. (2017)
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My main results are threefold. First, I confirm that the new guidelines increased the rate of labour

induction significantly. Results show that the implementation of the new guidelines increased the risk of

induction with 9.31-11.02 percentage points on average for first-time mothers who were at least 7 days

past due date relative to the control group. This corresponds to a 31.96-37.85% change. Moreover, I

find that the increased risk was largest in the years immediately after the implementation of the new

guidelines and that there is no evidence of pre-treatment trends between treatment and control groups.

Second, I consider short run effects (measured very close to birth) of the new guidelines on mother

and child health. Whereas the existing literature finds mixed health effects (detailed in Section 3.2.3), I

find no effects on the risks of having either a vacuum extraction, an emergency caesarean section (CS),

mother and child hospitalization, children’s Apgar score, or the risk of admission to the neonatal inten-

sive care unit (NICU). Only use of epidural is significantly affected. Since the yearly relative change is

not consistent with the yearly relative change in the rate of labour induction, I conclude that changes in

the use of epidural is not a result of increased routine induction.

Third, I evaluate potential medium run effects by also considering mother’s mental health one year

after birth as well as her future fertility decisions and children’s use of health services up to three years

after birth. Results show no effects on children’s use of health services one, two and three years after

birth. The same is true when I focus on non-preventive health services provided by the family general

practitioner (GP). This measure excludes preventive health examinations, vaccines, and other services

identified as being unrelated to the child’s health. Finally, my results show no effects of the new guide-

lines on mothers’ probability of having contact with a psychologist or psychiatrist within the first year

of birth nor the chance of having another child within two or three years after birth.

Overall, results are robust to using an alternative control group and to excluding pregnancies with

additionally known risk factors. Importantly, using an alternative control group supports the conclusion

that use of epidural was not affected by the new guidelines. Since a wide array of outcomes have been

considered, I have also applied the Romano & Wolf (2016) multiple hypothesis correction for the results

obtained with the simple difference-in-difference model. These results supports the conclusion that

mother and child health were unaffected since only the effects on the induction rate remained statistically

significant. Dividing the main sample into mothers with and without a college degree, results show that

the increased risk of having an induced birth is larger for mothers without a college degree. Yet, this

result was not robust to using the alternative control and treatment group.

This paper adds to the medical literature (detailed in section 3.2.3) by considering consequences

of inducing post-date pregnancies up to three years after birth in addition to outcomes measured at

birth. Moreover, this study employs a difference-in-difference strategy in order to separate treatment

effects from general time trends in the general relevant population. I focus on morbidity measures,

as the yearly number of deaths is very low for the relevant population of women. Mortality risks is

however an important aspect to consider when evaluating the full impact of earlier routine induction.

Whereas some studies cannot evaluate the effects of routine induction at week 41 because of too few

numbers of deaths (Rydahl et al., 2019b), a recent randomized control trial (RCT) cautiously conclude
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that earlier routine induction may be a way to reduce the risk of mortality (Wennerholm et al., 2019).

Obviously, this evidence should be taken into account when determining the optimal time for routine

induction. Nevertheless, the primary contribution of this paper remains: I provide evidence of potential

consequences of earlier routine induction on morbidty measures in the medium run, an aspect that is

more or less completely missing in the existing literature.

My paper also expands on the broader economic research considering short and longer run effects

of early medical interventions. To my knowledge, this is the first economic study that focuses on the

consequences of labour induction. The existing economic literature has documented positive short and

longer run health effects of receiving better medical care at birth because of diagnostic thresholds (e.g.

Almond et al. 2010; Bharadwaj et al. 2013), as well as being exposed to universal health interventions

improving health care during the first year of life (e.g. Sievertsen & Wüst, 2017). Relatedly, Daysal et al.

(2015) find that giving birth at a hospital instead of having a home birth reduces mortality for low risk

pregnancies possibly driven by access to medical technologies.

The economic literature most closely related to my study focuses on the consequences of having a

caesarean section (CS). Avoidable CSs have been found to cause worse infant health (Costa-Ramón et al.,

2018), increase the risk of developing asthma (Costa-Ramón et al., 2019), and to reduce mother’s lifetime

fertility (Halla et al., 2020). When the alternative to having a CS involves a complicated birth, results

differ. In the case of breech babies, Jensen & Wüst (2015) and Mühlrad (2017) find that having a CS leads

to positive health effects for children without harming mothers. Moreover, Card et al. (2019) find mixed

results of having a CS on children’s health when the alternative might involve a prolonged birth. Finally,

Tonei (2019) highlights the importance of not only considering mother’s physical health as she finds that

having an unplanned CS increases the mother’s risk of developing a postnatal depression. I expand on

this literature by focusing on another common type of birth intervention; labour induction. Similar to

the rate of labour induction, the rate of CSs has increased heavily during recent decades leading to a

concern about the associated health consequences (WHO, 2015). My results suggest that the increase in

the rate of induction caused by earlier routine induction has less severe consequences than having an

avoidable CS.

The rest of the paper is organized as follows: Section 2 describes the background. Section 3 describes

the data, including sample selection and key measures. Section 4 explains the identification strategy.

Section 5 includes the results. Section 6 concludes.

3.2. Background
3.2.1. National Guidelines for Inducing Postdate Pregnancies

In 2011, the Danish Society of Obstetrics and Gynecology (DSOG) changed the national guidelines for

inducing post-date pregnancies. The new guidelines had the purpose of circumventing risks associated

with having a post-date pregnancy, while also considering separate risks of labour induction. The first

draft of the new guidelines was published in the beginning of 2009.
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Figure 3.1 depicts the major changes. The expected length of a pregnancy is exactly 40 weeks. Before

2009, national guidelines recommended routine induction at exactly two weeks after the expected due

date (Olesen et al., 2003b; Wolff et al., 2016) and did not include fetal surveillance after the expected due

date (Zizzo et al., 2017).

The new guidelines moved routine induction forward to 10-13 days after the expected due date

during 2011 and 2012 (Wolff et al., 2016)4. Some type of pregnancies were recommended even earlier

induction since the health risks associated with having a post-date pregnancy were higher for these

groups of women5. In particular, women with a Body Mass Index (BMI) >35 or age ≥ 40 years had

increased risks of intrauterine death and were recommended induction at exactly one week after the

expected due date. Additionally, women with previous CS should be induced or having a CS no later

than 10 days after the expected due date depending on their risk of having an uterus rupture. As a

precautionary measure, earlier induction could apply for In Vitro Fertilization (IVF) or Intracytoplasmic

Sperm Injection (ICSI) pregnancies, but no specific guidelines were given.

In addition to changing the timing of routine induction, the new guidelines also included increased

surveillance of the mother and fetus. All pregnancies should receive a clinical examination by a midwife

and careful information about labour induction at exactly one week after the expected due date6. When

awaiting spontaneous birth, extended antenatal surveillance7 should occur twice a week from 10 days

past the expected due date. In 2012, 68.5% of birth units performed a cardiotocography (CTG) and 36.8%

performed an ultrasound scan during gestational week 41, whereas the remaining birth units offered

both procedures if the woman did not want to be routinely induced (Zizzo et al., 2017). The timing of

the clinical examination performed by a midwife varied across birth units, and some scheduled it before

week 41 (DSOG, 2015; Zizzo et al., 2017). Yet, some hospitals might have continued a practice of having

a clinical examination around the expected due date similar to before 2009. Moreover, no birth units

reported to perform specialized examinations involving CTGs and ultrasound monitoring for low risk

pregnancies before week 41 (DSOG, 2015).

In conclusion, the new guidelines affected low risk pregnancies primarily by extended antenatal

surveillance including CTGs and ultrasound scan offered from 7 days past due date and earlier rou-

tine induction offered 10-13 days past due date instead of 14 days after. The possibility that low risk

pregnancies were affected by the new guidelines before week 41 is addressed in Section 3.5.4.

4To be precise, the guidelines recommended induction 9-12 days after the expected due date. In practice
however, no hospitals implemented it prior to 10 days after, and a few implemented it 13 days after (Wolff et al.,
2016).

5It was already practice to induce pregnancies with known risk factors for intrauterine death such as diabetes,
intrauterine growth restriction, preeclampsia, or previous intrauterine death before the expected due date (DSOG,
2011b). This practice also applied for multiple pregnancies (Hedegaard et al., 2014).

6The clinical examination should include membrane stripping when possible. Depending on local conditions,
it may include cardiotocography (CTG), ultrasound monitoring, and measuring of the Amnion Fluid Index.

7Extended antenatal surveillance should include a clinical examination, membrane stripping when possible,
CTG, ultrasound monitoring, and measuring of the Amnion Fluid Index.
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Figure 3.1: Overview of Changes in National Guidelines

Note: The figure summarizes changes in national guidelines for routine induction of post-date pregnancies implemented in
2011. Routine induction was recommended 9-12 days past the expected due date, but in practice it was offered 10-13 days after
(Wolf et al., 2016) as depicted in the figure. In medical terms the gestational age (GA) is measured in completed pregnancy
weeks + completed days, i.e. the expected due date is 40+0.

3.2.2. The Observed Change in the Registers

This section shows how the implementation of the new guidelines affected characteristics of post-date

pregnancies, gestational length, and delivery method. Attention is restricted to first-time mothers as

they are more likely to have a post-date pregnancy (see e.g Mittendorf et al., 1993 and Appendix A,

Figure A.1). Moreover, first-time mothers do not require special antenatal surveillance because of prior

pregnancies or birth. Since some hospital reported changing practice already in 2010 (Zizzo et al., 2017),

2009 is the last included birth cohort in the period before the new guidelines. Results for non-first-time

mothers can be seen in Appendix A, Figure A.3-A.5.

Changes in background characteristics The new guidelines included differential treatment of

women with increased risks of intrauterine death when being post-date. Figure 3.2 shows the rate of

high BMI (≥ 35)8 and high maternal age (≥ 40) among all first-time births and ongoing pregnancies

with a certain gestational length before (2004-2009) and after (2012-2016) implementing the new guide-

lines. As intended, the implementation of the new guidelines clearly made the share of women with high

8The guidelines from 2011 use a sharp cut-off, whereas a DSOG reporting of hospital practice use≥ 35 (DSOG,
2015). The practical difference should be infinitesimal.
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BMI and high maternal age drop at the onset of week 419. As a result, the composition of pregnancies

that were allowed to reach week 41 changed.

Gestational length Figure 3.3 shows the average rate of ongoing pregnancies per gestational day

before and after implementing the new guidelines for all first-time mothers. Before the onset of week 41,

the rate of ongoing pregnancies is higher for the years 2012-2016. After the onset of week 41 however,

this pattern is reversed. According to expectations, pregnancies with age< 40 and BMI< 35 have a

higher survival rate than the full population.

Delivery Method All births have been divided into three mutually exclusive categories: spontaneous

birth, elective CS and induced birth, following the same broad categorizing as Hedegaard et al. (2015),

but with a few modifications10.

Figure 3.2: Share of Ongoing Pregnancies and Births with High Age & High BMI

(a) High Age (b) High BMI

Note: Includes only first-time mothers. High BMI refers to a BMI≥34 and high age refers to age≥40. The numbers above the
bars indicate the total number of births and ongoing pregnacies with the listed characteristic for the years 2012-2016. The rate
of high BMI is only shown for individuals with information about BMI. Gestational length is modified to measure duration
until hospitalization with a birth diagnosis and not actual time of birth. In medical terms the gestational age is measured in
completed pregnancy weeks + completed days, i.e. the expected due date is 40+0.

9The new recommendations for mothers with high BMI seemed to be enforced relatively strict concerning the
recommended cut-off value of 35. Appendix A, Figure A.2 show the share of ongoing pregnancies and births with
BMI∈ [30; 35). In contrast to Figure 3.2 (b), there is only a slight drop in the share of women with BMI∈ [30; 35) in
the years after the implementation the new guidelines relative to previous years. Moreover, the slight drop occurs
at a later point in time (around GA 41+4 instead of at 41+1). Thus, this drop may just as well occur because of
factors associated with being overweight (e.g. gestational diabetes).

10Induced birth: Based on a preexisting variable from MFR. Includes operational codes: BKHD2, BKHD20,
BKHD20A, BKHD21, KMAC00, KMAC96A. Elective CS: Diagnosis codes: DO820* or DO842*. When both in-
duction and elective CS are registered (0.5%), it is assumed that the CS was unplanned. Spontaneous birth: All
births minus elective CS and induced births. Hedegaard et al. (2015) exclude mechanically induced births and
include diagnosis codes DO499, DO838A, and DO848A in the category of induced birth. Additionally, they in-
clude operational codes KMCA11 and KMCA10B in the category elective CS. This study does not have access to
operational codes.
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Figure 3.3: Ongoing Pregnancies per Gestational Day

(a) All first-time mothers (b) First-time mothers with age<40 & BMI<35

Note: Includes only first-time mothers. The numbers above the bars indicate the total number of remaining pregnancies for
each gestational day during 2012-2016. Figure (b) excludes women with age≥40, BMI ≥35, and unobserved BMI. Gestational
length is modified to measure duration until hospitalization with a birth diagnosis and not actual time of birth. In medical
terms the gestational age is measured in completed pregnancy weeks + completed days, i.e. the expected due date is 40+0.

Figure 3.4 shows the delivery method per gestational day before and after implementing the new

guidelines. As expected, the number of induced births has increased from around week 41 and in par-

ticular at 10-13 days past the expected due date (gestational age 41+3-41+6). Additionally, the rate of

induction is generally higher during 2012-2016 compared to 2004-2009, with spikes around the onset of

week 38 and 40. Restricting the sample to include only mothers with age< 40 and BMI< 35 reduces the

number of induced births observed around the onset of week 41 as expected. The remaning jump may

partly be explained by extended antenatal surveillance offered from this point and forward11.

Figure 3.5 shows the cause-specific hazard of being either induced, having an elective CS, or having a

spontaneous birth adjusted for some background variables. The cause-specific hazards show the risk of

not given birth before gestational length G and then giving birth with the specific delivery method. The

duration model is a piecewise linear exponential function including an interaction between a dummy for

the years after the reform and the spline function. Three things are worth highlighting. First, the hazard

of induction in Sub-figure (a) confirms the pattern from Figure 3.4; in the period after implementing

the new guidelines, the risk of induction has increased particularly at 10-13 days after the expected due

date (gestational age 41+3-41+6). Second, the increase in labour induction is mirrored by a reduction in

the hazard of spontaneous birth (Sub-figure b), whereas the hazard of having an elective CS (Sub-figure

c) is almost unchanged for post-date pregnancies. Third, in the period after implementing the new

guidelines, the hazard of induction is generally higher. Sub-figure (d) depicts the hazard of induction

2012-2016 subtracted the hazard of induction 2004-2009. It is evident that the difference in the hazard of

11Excluding women with a multiple pregnancy, diabetes, hypertension, or preeclampsia reduces the jump
around these points further, but they do not completely dissapear.
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induction before and after the new guidelines is rather constant from week 39 and until week 4112.

Figure 3.4: Delivery Method per Gestational Day

All First-Time Mothers
(a) 2004-2009 (b) 2012-2016

First-Time Mothers with Age<40 and BMI<35

(c) 2004-2009 (d) 2012-2016

Note: Includes only first-time mothers. The numbers indicate the total number of elective CSs each gestational day. Figure
(c) and (d) excludes women with age≥40, BMI≥35, and unobserved BMI. Gestational length is modified to measure duration
until hospitalization with a birth diagnosis and not actual time of birth. In medical terms the gestational age is measured in
completed pregnancy weeks + completed days, i.e. the expected due date is 40+0.

12The jump at week 38 may be explained by new guidelines for pregnancies with gestational diabetes intro-
duced in 2007 (DSOG, 2007). Appendix A, Figure A.6 shows the hazard of induction using only two years before
and after implementing the new guidelines.
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Figure 3.5: Cause-Specific Hazards 2004-2009 vs 2012-2016

(a) Induction (b) Elective CS

(c) Spontaneous Birth (d) Difference in Hazard of Induction

Note: The hazard is estimated by a piecewise linear exponential model. It includes a dummy for the period after implement-
ing the new guidelines (2012-2016) interacted with the spline function. Controls are included for maternal and paternal age
(centralized), mother’s BMI (centralized), missing paternal registry, parents not cohabiting, smoking, having a multiple preg-
nancy, immigrant/descendant, labour market status (baseline=employed), and college education. Missings are handled with a
dummy approach. The sample includes only first-time mothers with age<40 and BMI<35 and excludes the years 2010-2012 as
well as mothers without information about BMI. Gestational length is modified to measure duration until hospitalization with
a birth diagnosis and not actual time of birth.

3.2.3. Inducing Births at Week 41 versus Week 42

In other countries, national guidelines either recommend routine induction at week 42 or week 41. At

week 42, the consensus is that induction of low risk pregnancies is preferred over awaiting spontaneous

birth. Yet, the different guidelines draw different conclusions regarding offering routine induction before

week 42.

In France, routine labour induction is recommend during week 41 or week 42 with the notion that

gestation beyond the onset of week 42 involves increased fetal risks (CNGOF, 2013). Great Britain and
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Canada recommend routine labour induction when reaching week 41 (NICE, 2008) or during week 41

(SOGC, 2008; 2017). In the US, the American College of Obstetricians and Gynecologists (ACOG) finds

that the evidence of labour induction at week 41 is too weak to recommend, but state that it can be

considered (ACOG, 2014). They do however recommend labour induction at week 42. Likewise, Nor-

way recommends routine induction at week 42 (14-16 past expected due date) (Norsk Gynekologisk

Forening, 2014; 2020). Finally, the WHO (2011; 2018) weakly recommends labour induction at week 41,

but they also point to a need of further research on consequences of labour induction on mother and

child health. Thus, the change in Danish national guidelines in 2011 provides a relevant setting to study

whether routine induction during week 41 is preferred over routine induction at the onset of week 42.

The new Danish guidelines in 2011 were based on a large body of evidence regarding both risks of

having a post-date pregnancy and risks of labour induction (DSOG, 2011b). Especially, the increased risk

of stillbirth when going past due date was a large motivation behind moving routine induction forward.

Yet, Rydahl et al. (2019a) and Wolff et al. (2016) question the relevance of many of the considered studies.

Most of the studies compared routine induction at week 41 with awaiting spontaneous birth, whereas

the existing practice in Denmark was routine induction at the onset of week 42. Moreover, Rydahl

et al. (2019a) worry that some of the studies were simply too old to reflect contemporary risks of going

past due date. Reconsidering the inclusion criteria, Rydahl et al. (2019b)’s meta-study find that routine

induction at week 41 instead of at week 42 reduced the risk of a few adverse outcomes, but also increased

the risk of several others13. Since only seven studies met the inclusion criteria, they lacked statistical

power to draw any conclusion on mortality risks.

Recently, the evidence focusing on the choice of inducing births at week 41 instead of week 42 has

expanded. Most noticeable, a Swedish randomized controlled trial (SWEPSIS) was shut down early

because of increased mortality in the control group (Wennerholm et al., 2019). The control group was

offered routine induction at week 42, whereas the treatment group were offered induction at week 41.

While two other recent and similar RCTs only find insignificant differences in mortality risks between

routine induction at week 41 instead of at week 42, Kenyon et al. (2019) argue that the overall picture

suggests that induction at week 41 should be preferred.

Empirical studies evaluating the Danish reform, do not find a statistical significant reduction of the

mortality risk when accounting for the time trend in the induction rate (see Rydahl et al., 2019a and Wolff

et al., 2016). Wolff et al. (2016) find a reduced, but statistically insignifcant, mortality risk after introduc-

ing the new guidelines. Hedegaard et al. (2014;2015) and Zizzo et al. (2017) find that mortality risks

reduced significantly, but they are unable to seperate the treatment effect from time trends in mortality

and induction14. The different conclusions between the SWEPSIS study and the empirical Danish studies

may be explained by a much higher mortality risk among the SWEPSIS control group than among the

13The review found reduced risks of oliogohydramnious, meconium stained amniotic fluid, but increased risks
of CS, CS due to failure to progress, chorioamniotis, labour dystocia, precipitate labour, and uterine rupture.

14Hedegaard et al. (2014) use the same empirical strategy Hedegaard et al. (2015) detailed below together with
the empirical strategy applied by Zizzo et al. (2017).
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relevant Danish subpopulation before the implementation of the new guidelines15. Moreover, the early

termination of the SWEPSIS study may have made it harder to construct policy recommendations based

on the evidence. Wagenmakers & Ly (2020) find the support of the hypothesis moderate at best using a

baysian test for two proportions to address this particular issue. Because of the early termination of the

trial, the participating number of women was 2,760 instead of the target number of 10,038.

Whereas mortality risks in several studies are too low to detect any statistical differences between

routine induction in week 41 instead of week 42, recent evidence from the SWEPSIS trial suggests that

mortality may be reduced from earlier induction. Naturally, it is important to consider such a potentially

reduced mortality risk when evaluating the total impact of earlier routine induction. Nevertheless, I

restrict my attention to morbidity measures because of the low number of yearly deaths in the relevant

Danish subpopulation16. Instead, the primary aim of the current study is however to evaluate morbidity

risks in the short and medium run. Below I review the existing studies evaluating the consequences of

the introduction of the new Danish guidelines on morbidity risks and the SWEPSIS study.

While the SWEPSIS study found no significant effects of their composite perinatal measure of health,

considering the different outcome separately showed some significant differences. In particular, children

in the treatment group had a significantly lower risk of being admitted to the NICU, suffering from

jaundice or having a birth weight≥ 4500 g. Mothers had a significantly shorter median duration of

labour, but also a larger risk of getting endometritis and receiving epidural analgesia. No significant

difference was found regarding the risk of having a CS or an instrumental delivery.

Hedegaard et al. (2015) estimate how the risk of different morbidity measures has developed during

2000-2012 in Denmark adjusting for different control variables and excluding preterm births. They find

mixed results, with increased risks of admission to the NICU and shoulder dystocia, but decreased risks

of low umbilical cord PH, cerebral palsy, birth weight≥4500 g, and peripheral nerve injuries. Low Apgar

score was unchanged. Zizzo et al. (2017) compares pregnancies going at least one week past due date

before and after the implementation of the new guidelines. They find that the new guidelines reduced

the risk of vacuum extraction. Admission to the NICU increased, but it was significant only at a 10%

significance level. The risk of CS and the five minutes Apgar score remained stable. These two studies

are however unable to separate treatment effects from time effects.

Rydahl et al. (2019a) address this issue by using an interrupted times series analysis methodology.

They find a changed trend in use of epidural, augmentation of labour, and uterine rupture. In particular,

the risk of uterine rupture doubled. Their results show no effects on different measures of child mor-

bidity, CSs, or instrumental deliveries. As they sample all pregnancies being at least 10 days past due

date, the composition of their sample may change after the implementation of the new guidelines. In

15The SWEPSIS control group had a rate of perinatal death of 3.5 per 1000 births. Considering all women with a
gestational age of 41+3-45+0, Rydahl et al. (2019a) report 1.7 and 0.8 perinatal deaths per 1000 livebirths in 2008 and
2009, respectively. The SWEPSIS study reported no cases of perinatal deaths for their treatment group, whereas
Rydahl et al. (2019a) report a rate of <0.5 and 1.1 perinatal deaths per 1000 in 2012 and 2013, respectively.

16During 2012-2014, Zizzo et al. (2017) report 20 stillbirthsfor all pregnancies reaching week 41, resulting in
a yearly average less than 7. When restricting the sample even further, the number most likely becomes even
smaller.
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particular, the new guidelines offered routine induction for women with high age or high BMI 7 days

after the expected due date, as well as increased antenatal surveillance for low risk pregnancies.

Finally, Wolff et al. (2016) focus on the effect of earlier routine induction for low risk pregnancies

being at least 9 days past due date. They estimate odds ratios for the years 2009-2012. They do not

formally conduct a difference-in-difference analysis, but they redo their analysis for a group that should

be unaffected by the new guidelines to sort out effects from earlier routine induction from other changes.

The rate of high birth weight (>4500 g) reduced while the risk of admission to the NICU increased.

Remaining measures of children’s health, emergency CSs or vacuum extractions were unaffected.

Thus, the existing literature is not conclusive about the morbidity effects of inducing low risk preg-

nancies during week 41 instead at the onset of week 42. The major contribution of the current study is to

evaluate morbidity effects at at a three year horizon since existing studies have focues at potential at the

very short run (immediately after birth). To my knowledge, the only exception is Hedegaard et al. (2015)

who find that the risk of being diagnosed with cerebral palsy within three years after birth decrease from

2000-2012. Knowing potential medium run morbidity effects is crucial to determine the full impact of

earlier routine induction.

3.3. Data and Sample Selection
3.3.1. Data Sources & Sample Selection

The sample is constructed by combining several different Danish administrative registers. The initial

dataset is based on all live births registered in the Medical Birth Register from 2004-201617 (787,083 obs.).

The sample starts in 2004 as this is the first year including information about mothers’ pre-pregnancy

BMI.

The sample is restricted in the following ways. First, I exclude women with unobserved gestational

age (1.67%). Second, a small number of mothers cannot be linked to the National Patient Register and are

therefore excluded (0.71%). Some types of pregnancies, where going past due date is of higher risk, were

differently affected by the new guidelines as shown section 3.2.2. In particular, women with high age

(≥ 40), high pre-pregnancy BMI (≥35), and previous CS were offered even earlier routine induction. I

therefore exclude these groups as well as women with unobserved BMI (20.03%)18. Moreover, I focus on

first-time mothers (49.72%). Not only are first-time mothers more likely to have a post-date pregnancy

(Mittendorf et al., 1993), but they are also more likely to be treated according to general guidelines as

they do not have any prior pregnancy or birth that requires special antenatal surveillance. Finally, in my

main specification I focus on pregnancies going at least 3 days past their due date. I do so to include all

17Including (the very small number) of stillborn children should not affect my results.
183.99% have missing information about BMI. The number of missing observations is decreasing during the

sample period. I use the cut-off for high BMI≥ 35 as a later overview of hospitals’ reported practice and use this
particular cut-off instead of BMI< 35 (DSOG, 2015). The difference should be minuscule. I do not have information
on fertility treatment. To my knowledge, only one hospital routinely offered induction to fertility treated women
having received egg-donation before week 41 (DSOG, 2015).
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first-time mothers affected by the new guidelines from week 41 as well as a control group of first-time

mothers going past their due date, but who are unaffected by the new guidelines. Since health risks for

both mother and child increase with gestational age from week 40 (e.g. Heimstad et al., 2006), routine

induction is primarily relevant for women going past due date. This leaves me with a sample of 124,909

births. When evaluating medium run outcomes, 2013 is the latest birth cohort included. This enables me

to track children and mothers three years after birth (94,023 births).

3.3.2. Key Measures

In order to evaluate treatment effects, I first consider the extent to which the new guidelines changed

the risk of labour induction. Labour induction includes medically and mechanically induced births19. In

Denmark, the most common way to induce labour is to use the drug misoprostol (see Hedegaard et al.,

2014).

Next, potential short run effects are evaluated using similar outcomes as the existing literature. First,

I consider the likelihood of using epidural analgesia, having a vacuum extraction, or having an emer-

gency CS. Labour induction has been associated with increased use of such birth interventions (see e.g.

Rydahl et al., 2019a). Moreover, these birth interventions may independently affect the health of mother

and child as well as the mother’s birth experience.

Second, I evaluate effects on children’s general health by considering the five minutes Apgar score,

days of hospitalization, and the risk of admission to the NICU. The Apgar score summarizes children’s

health status across five categories: skin colour, heart rate, reflexes, muscle tone, and breathing effort.

Appointing each category a score of zero, one, or two results in a total score on a ten point scale where

a higher number reflects better health (see e.g. US National Library of Medicine, 2019). Children’s

Apgar score has been used as a general measure of infant health in the economic literature and has

been linked to children’s health, cognitive ability, and behavioural problems at age three (Almond et al.,

2005), performance in middle school test scores (Figlio et al., 2014) as well as high school completion

and months on social assistance after age 18 (Oreopoulos et al., 2008). Hedegaard et al. (2014) note that

medical labour induction (misoprostol) has been questioned to cause asphyxia, a condition that may

lead to severe consequences and neonatal death (see e.g. McGuire, 2007). A low Apgar score, can be an

indication of asphyxia (Hedegaard et al., 2015). Yet, one of the risks associated with having a post-date

pregnancy also includes asphyxia (Rydahl et al., 2019b). Thus, it is not clear how the new guidelines are

expected to impact the Apgar score.

Finally, mothers’ hospitalization related to childbirth is considered. Earlier routine induction has

been associated with a longer duration of birth (Fok et al., 2006). Further, potential complications arising

during birth may also be reflected in the number of hospitalization days. Days of hospitalization and

children’s Apgar score are missing for less than 1% of observations.

19Includes operational codes: BKHD2, BKHD20, BKHD20A, BKHD21, KMAC00, KMAC96A. Mechanically
induced births either involves rupturing the amniotic sac or use of catheter. Rupturing the amniotic sac is only
recommended if the cervix is ripe, i.e. the cervix is dilated and thinned and the baby is in the right position (DSOG,
2003;2014).
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Potential medium run effects may reflect persistent short run effects or some type of health problems

that may not be discovered immediately after birth. For example, cerebral palsy could be a potential

consequence of asphyxia which typically has a long latency before being diagnosed (Hedegaard et al.,

2015). Alternatively, medium run effects may differ from short run effects. For example, Figlio et al.

(2014) find negative short run associations of being born at week 41 compared to being born at week

39-40. Even so, they find positive associations of being born at week 41 with later test scores.

Children’s health one, two, and three years after birth are measured using two accumulative mea-

sures of contacts with the public health care system. A similar measure has been applied in for example

Jensen & Wüst (2015), where they consider the total number of contacts with the family general prac-

titioner (GP) one, two and three years after birth. The first measure I consider simply accumulates all

health services registered in the Danish National Health Service Register for Primary Care. This reg-

istry includes all health services covered by health professionals contracted with the tax-funded public

health care system including general practitioners (GP), medical specialists and other types of health

professionals such as physiotherapists and psychologists20. Even in a Danish context where health care

is free, this measure may however be a combination of health investment and health status. Therefore,

I also consider a second accumulative measure restricting attention to only non-preventive health ser-

vices provided by the family GP. Non-preventive health services exclude health investments registered

as mandatory preventive health examination and vaccines as well as services unrelated to the child’s

health, including services provided to the mother but erroneous registered to the child (e.g. cervical

cancer screening), mileage allowances, interpreter allowances, and institutional surcharges. The registry

of the type of health service provided is not perfect, but this second health measure will nevertheless be

closer to actual health status.

Some consequences of a traumatic birth may not be discovered immediately after birth. Post-date

pregnancies face increased risks of traumatic obstetric experiences (DSOG, 2011b) which may increase

the risk of developing psychological issues (DSOG, 2013b). Severe complications of labour induction

such as uterine rupture may trigger a psychological response as well. For example, Tonei (2019) finds

that having an unplanned CS increases the risk of developing postnatal depression within nine months

after birth with 15.1 percentage points. As a proxy for mothers’ mental health, maternal contact with

a psychologist or psychiatrist within the first year of birth is considered21. Finally, a traumatic birth

experience, a longer recovery period or persistent health effects on mother or child may translate into

future fertility decisions. For example, Halla et al. (2020) find that having an unplanned CS reduces first-

time mothers’ future fertility significantly. Therefore, the likelihood of having another child is considered

two and three years after birth, respectively.

Background characteristics include mother’s age, pre-pregnancy BMI, having a multiple pregnancy,

smoking during pregnancy, mother’s use of health services two years prior to birth (proxy for mother’s

general health), father’s age, both parents’ education, immigrant status, and labour market status as well

20For further details, see e.g. Andersen et al. (2011).
21As this measure is based on the Danish National Health Service Register for Primary Care, it only includes

contacts made through the public sector and is therefore a crude measure of mother’s mental health.
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as an indicator for no paternal registry. Gestational age is measured until the time of hospitalization with

a birth diagnosis and not actual time of birth. Since the guidelines refers to gestational age at the time

of induction and not at the time of birth, this modification is done in order to get closer to the time of

labour induction.

Table 3.1 shows summary statistics of my main sample as well as all first-time mothers with age<40

and BMI<35 during 2004-2009. The summary statistics for the main sample is split into the control

group (going 3-6 days past due date) and the treatment groups (going at least 7 days past the expected

due date). Except for use of epidural and vacuum extraction, the control group is positively selected

compared to the group of all first-time mothers. This is expected since pregnancies with known risk fac-

tors are generally recommended giving birth before the expected due date (DSOG, 2011b). Likewise, the

control group has a substantial lower share of multiple pregnancies compared to all first-time mothers.

The rate of all types of birth interventions, admission to the NICU as well as hospitalization of mother

and child is higher for the treatment group than for the control group whereas the the opposite is true for

average Apgar score, having contact with a psychiatrist or psychologist, and the chance of having an-

other child within two or three years after birth. Finally, the number of total health and non-preventive

family GP services is slightly lower for the treatment group. Pre-birth maternal health is not unambigu-

ously better or worse for the control versus the treatment group; while BMI is higher for the treatment

group, the share of mothers who smoke and the number of health services used two years prior to birth

is higher for the control group. Additionally, the share of mothers with a college education and the aver-

age age is higher for mothers in the treatment group. Importantly, the difference-in-difference strategy

allows for such differences between control and treatment group.

3.4. Empirical Method
To examine how the introduction of the new guidelines affected the risk of induction as well as mother

and child health, I use a difference-in-difference strategy. The idea is to compare mothers affected by the

new guidelines (either by extended antenatal surveillance or by earlier routine induction) with moth-

ers unaffected by the new guidelines before and after implementing the new guidelines. As the new

guidelines were directed towards low risk pregnancies going at least 7 days past due date (see Section

section 3.2.1), I assume that only mothers going at least 7 days past due date are affected by the new

guidelines, and use mothers going 3-6 days past due date as the control group in the main specification.

This assumption is relaxed in section 3.5.4, where I expand the treatment group to include all post-date

pregnancies, and use mothers who does not reach their due date before being hospitalized with a birth

diagnosis as the control group22.

Comparing post-date pregnancies affected by the new guidelines takes care of all unobserved time

invariant characteristics common for this group of pregnancies. Mothers with a high gestational age face

22In practice I define my alternative treatment group to be all post-date pregnancies and women hospitalized
with a birth diagnosis at or the day just prior to the expected due date. The alternative control includes pregnancies
hospitalized with a birth diagnosis 2-4 days prior to their expected due date.
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Table 3.1: Summary Statistics

All Births Control Group Treatment Group
N=140,747 N=21,130 N=34,534

Birth Interventions

Induction 16.86% 8.71% 28.51%
Epidural 22.38% 24.61% 28.68%
Vacuum Extraction 15.61% 18.34% 20.00%
Emergency CS 16.60% 14.19% 21.11%
Mother Outcomes

Days of Hospitalization 4.48 3.73 3.96
(4.37) (3.79) (2.22 )

Contact with psychiatrist/psychologista 2.85% 2.65% 2.55%
Having another child within 2 years 15.15% 15.62% 14.80%
Having another child within 3 years 44.17% 46.11% 45.18%
Child Outcomes

Apgar score 9.83 9.85 9.82
(0.72) (0.64) (0.68 )

Admission to the NICU 11.10% 5.85% 7.40%
Days of Hospitalization 5.01 3.39 3.57

(8.21) (2.59) (2.97)
Health services 1 year after birth 21.12 21.02 20.71

(11.90) (11.61) (11.44)
Health services 2 year after birth 42.84 42.24 41.80

(23.17) (22.44) (22.01)
Health services 3 year after birth 54.62 53.75 53.11

(30.67) (29.84) (28.85)
Non-preventive family GP services 1 year after birth 10.74 10.66 10.49

(8.13) (8.06) (7.82)
Non-preventive family GP services 2 year after birth 22.70 22.29 22.14

(14.64) (14.36) (14.11)
Non-preventive family GP services 3 year after birth 29.41 28.85 28.66

(18.60) (18.24) (17.95)
Selected Background Characteristics

Multiple pregnancy 2.39% 0.05% 0.05%
Mother’s BMI 23.30 23.27 23.63

(3.69) (3.61) (3.71)
Mother smoked during pregnancy 14.93% 14.12% 13.51%
Mother’s use of health services prior to birthb 17.99 17.38 17.20

(18.69) (17.8) (17.45 )
Mother’s age 28.18 28.08 28.42

(4.45) (4.38) (4.41 )
Mother completed college or equivalent 35.58% 36.40% 38.06%

Notes. This table shows mean and standard deviation (in parenthesis) for outcomes and selected background
variables. The sample includes first-time mothers giving birth 2004-2009 with age<40, BMI<35 and observed
BMI. Column (1) shows descriptive statistics for all pregnancies with observed modified gestational age
(GA) whereas column (2) shows descriptive statistics for the control group (going 3-6 days past due date)
and column (3) the control group (going at least 7 days past due date). The number of observations is
slightly higher for children’s outcomes because of a small number of multiple births. Hospitalization days
and Apgar score are missing for less than 1%. aWithin one year after birth. bMother’s use of health services
is measured two years prior to birth.
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different health risks and therefore presumably differ from other pregnancies in their unobserved char-

acteristics correlated with the risk of induction and health outcomes. Comparing the treatment group

with the control group due date helps isolate treatment effects from general time changes experienced

by both groups such as technological development.

My baseline empirical models are the following:

Yiht =α + βTreatment Groupiht + δTreatment Groupiht · 1{t≥2012}iht
+ Zihtγ + φt + ηh + ρm + λhd + uiht,

t 6= 2010, 2011

(3.1)

Yiht =α + βTreatment Groupiht +
t=2016

∑
t=2004

δtTreatment Groupiht + Zihtγ + φt + ηh + ρm + λhd + uiht (3.2)

where Yiht is the considered outcome for individual i at hospital h and year t. Treatment Groupiht is an

indicator variable for going at least 7 days past due date, and 1{t≥2012} in an indicator variable capturing

the years after the new guidelines were implemented. In the alternative specification, Treatment Groupiht

is an indicator variable for being hospitalized with a birth diagnosis at the day prior to the expected due

date or later.

Model (1) is a simple version of the difference-in-difference estimator. The effect of the new guide-

lines is estimated by the parameter δ. The preferred specification excludes both the year of 2010 and 2011

as some hospitals reported to change practice already in 2010 (Zizzo et al., 2017).

Model (2) is a more flexible version of the difference-in-difference estimator based on a similar ap-

proach as e.g. Reber (2005) and Bütikofer et al. (2019b). Here, the indicator for being in the treat-

ment group are interacted with the full set of year dummies. Thus, δt non-parametrically captures

pre-treatment trends (δ2004 − δ2010) as well as time-varying treatment effects (δ2011 − δ2016). The year of

2008 is used as the comparison year such that all δt estimates are relative to the year before the first draft

of the new guidelines was published. Standard errors are clustered at year-specific hospital level in the

main specification23. Potential announcement effects would be expected to show in the years 2009-2010

(δ2009 − δ2010).

Both equation (1) and (2) include year of birth (φt), hospital (ηh), month of birth(ρm), and day of

hospitalization (λhd) fixed effects. The month of birth fixed effects controls for seasonal variation and

the day of hospitalization controls for systematic differences across weekdays correlated with induction

rates and the considered outcomes. The hospital fixed effects control for variation in outcomes common

23Standard clustering at hospital level is inappropriate due to a small number of hospitals. For example, in the
year of 2012, the number of hospitals is only 24. Clustering can, however, be on a too fine grid level. Failing to
account for serial correlation in the errors can cause invalid standard errors (Cameron et al., 2008). To address this
issue, the wild cluster bootstrap has been performed at hospital level with a 1000 repetitions for the main results
using the preferred specification of the flexible model in (2). Results are generally robust and can be obtained from
the author. When considering the rate of induction, δ2007 and δ2010 become statistically significant, but only at a
10% significance level so this should not be a major concern. In a few cases, the treatment effect of a single year
becomes statistically significant at a 10% significance level, but it does not change the conclusion.
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within hospitals and the birth year fixed effects control for national shocks impacting all individuals

within a year. The vector Z includes general background characteristics.

Conditional on the fixed effects and background characteristics, the identifying variation comes from

being exposed to new national guidelines regarding routine induction of post-date pregnancies. The

identifying assumptions is that the introduction of the new guidelines is not correlated with prior time

trends in outcomes for first-time mothers going at least 7 day past their due date relative to first time

mothers going 3 to 6 days past their due date (common trend assumption). Moreover, at the time of

implementation mothers going at least 7 days past their due date should not be affected differentially

by any other concurrent shocks. The common trend assumption can partially be tested by the pre-

treatment coefficients δ2004− δ2010. Potential announcement effects caused by the publication of the first

draft in 2009 would be expected to show during 2009-2010 (δ2009 − δ2010). Therefore, if the common

trend assumption holds, then the coefficients for the pre-treatment trends (δ2004 − δ2007) are expected to

be insignificant.

It is harder to tests whether other shocks took place concurrently with the new guidelines. It is

reassuring, that the DSOG had not published any other national guidelines affecting pre-birth treatment

or the induction rate of post-date pregnancies in 2011. New guidelines concerning pregnancies with

diabetes were published in 2010 (DSOG, 2010a; 2010b), but the recommended time for giving birth did

not changed compared to prior guidelines from 2007 (gestational diabetes) (DSOG, 2007) or 2003 (pre-

existing diabetes) (DSOG, 2003). Guidelines concerning use of epidural were published in 2011, but they

do not refer specifically to labour induction or post-date pregnancies (DSOG, 2011a)24.

To assess the validity of my main results, I perform several different robustness checks including

the choice of control and treatment group in Section 3.5.4. In particular, the choice of the control and

treatment group is important for the validity of my results and deserves a disucssion. Defining the

treatment and control group is not straightforward, as gestational age determines whether a mother is

treated or not, but the new guidelines also affect gestational age for mothers who have passed a certain

gestational age. It is therefore crucial to make sure that my treatment group captures both mothers

exposed to earlier routine induction but also mothers induced even earlier because of extended antenatal

surveillance such that the composition of the control and treatment group does not change because

of the new guidelines. Put differently, mothers in the treatment group should be the same group of

women both under the old and new guidelines. In order to define an appropriate treatment group, I

thus need to pin-down a threshold value for gestational age that ensures that all women affected by the

new guidelines would have a gestational age equal to or larger of that threshold value both under the

24The guidelines included detailed information about how women should be informed prior to receiving epidu-
ral analgesia. Not only should women be oriented about effects, potential side effects and complications, but
they should also receive the information both verbally and in writing, during pregnancy and during birth before.
Moreover, the anesthetist needed to obtain informational consent as well. Thus, the large amount of information
provided already during pregnancy may have changed women’s attitude towards receiving the drug (e.g. by be-
ing more willing to receive the drug when having had time to learn about the potential effects prior to birth). Yet,
there is no information that indicate that women in the treatment group should be affected differently than the
treatment group.
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old and the new guidelines. I choose my control group to be women with a gestational age just below

the cut-off value defining the treatment group. The idea is that women who are closer in gestational age

are more likely to be exposed to the same time-trends in the absence of treatment.

The validity of the main results hinges on the assumption that only pregnancies going at least 7 days

past due date were affected by the implementation of the new guidelines. This assumption may be

questioned. The primary concern is whether it is plausible that the large change in national guidelines

did not affect post-date pregnancies more broadly. Extended antenatal surveillance including CTGs and

ultrasound scan was not offered prior to 7 days past due date. Yet, whereas the guidelines recommended

a clinical control at 7 days past due date, Zizzo et al. (2017) report that in 2012, some hospitals offered

such a control between the expected due date and 10 days after. If the clinical controls offered prior

to week 41 were simply a continued practice of e.g. offering a clinical check at the expected due date,

this would not be problematic. Yet, if some hospitals offered a clinical examination prior to 7 days past

due date because they implemented the new guidelines differently, this would be problematic since then

also the control group would be impacted by the new guidelines. Another concern may be that the new

guidelines increased awareness of post-date pregnancy risks more broadly and that this led to a change

in how all pregnancies passing their expected due date were treated.

Therefore, a crucial validity check is to expand the treatment group to include all postdate pregnan-

cies and to consider a control group who includes pregnancies hospitalized with a birth diagnosis just

prior to their expected due date. As the guidelines concerned post-date pregnancies and the associated

risks, it is more plausible that this alternative control group would not be affected by the new guidelines

(as they are not post-date). Results using the alternative control and treatment group are summarized

in section 3.5.4. Under the assumption that only pregnancies reaching at least gestational week 41 were

affected by the new guidelines, using the alternative control and treatment group would dilute potential

treatment effects.

A concern remains that the composition of the control and treatment group is not stable before and

after the introduction of the new guidelines for reasons not taken into account. Other factors than the

ones controlled for in my specification may alter the composition of the control and treatment group

over time. The composition of the control and treatment group may be thought to be more stable in years

closer to the introduction of the new guidelines. Thus, results from the simple difference-and-difference

model using only information two years before and after the introduction of the new guidelines are

preferred over results from the model using all years available. Similarly, results from the flexible model

is preferred over the simple model since it displays how the treatment group is affected relative to the

control group each year, instead of an average of all years after the implementation of the new guidelines.

Finally, since the new guidelines introduced extended antenatal surveillance at week 41 simultane-

ously with earlier routine induction, I acknowledge that I am not able to separate the two interventions.
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3.5. Results
In this section, I present my main findings on the effects of introducing new national guidelines on the

induction rate (Section 3.5.1) as well and short (Section 3.5.2) and medium run (Section 3.5.3) outcomes

of mother and child health. The results are based on estimations of equation (1) and (2). Estimation

results from the flexible model (2) are preferred over the simple model (1), but in order to avoid too

parsimoniously tables, estimations results from the simple model (1) are useful in summarizing most of

my results. Results from the flexible model (2) are generally shown as plots summarizing pre-treatment

trends (δ2004 − δ2010) as well as time-varying treatment effects (δ2011 − δ2016). I address the sensitivity

of my main results by performing a range of robustness checks (Section 3.5.4). Finally, I explore socio-

economic heterogenous effects (Section 3.5.5).

3.5.1. Labour Induction

The first set of results formally confirm that the introduction of the new guidelines affected the rate

of labour induction, and that the change occurred at the expected time using the flexible model from

equation (2). Figure 3.6 depicts the difference-in-difference estimates of the yearly interactions with the

treatment group (going at least 7 days past due date), δt, using 2008 as the comparison year. Vertical

lines show 95% confidence bands clustered at the year-specific hospital level. Details on magnitude and

significance of coefficients are found in Appendix B, Table B.1, column (3).

The first thing to notice is that all pre-treatment trends (δ2004 − δ2010) are small and statistically in-

significant. Reassuringly, this observation supports the assumption that the treatment groups trended

similarly to the control group prior to the introduction of the new guidelines. The impact of the new

guidelines starts to show in 2011, but really kicks in the proceeding years, reaching a maximum of 12.5

percentage point in 2012. With a mean induction rate of 27.99% in 2008, this corresponds to a 44.69%

increase. Treatment effects are statistically significant at a 1% significance level for all years after the

introduction of the new guidelines, but the size of the effect diminishes after 2012. In 2016, the treatment

effect has reduced to 8.65 percentage point corresponding to a 30.90% increase. Table B.1 in Appendix B

shows that the estimation results are robust to including different set of background variables.

The simple model (1) has been estimated for a range of different samples using different before- and

after groups, which can be seen in Appendix B, Table B.2. I find a an treatment effect between 9.31-11.02

percentage point, corresponding to a 31.96-37.85% change. In line with results from the flexible model,

the effects are largest when only using 2012-2013 as the after period, whereas results are less sensitive to

the choice of the before period.

3.5.2. Short Run Outcomes

The estimated effects of the new guidelines on short run outcomes are summarized in Table 3.2. For

simplicity, the estimation results are based on the simple model (1), whereas results from the flexible

model (2) are generally shown as plots depicted in Appendix B, Figure B.1. Treatment effects based on
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Figure 3.6: Treatment effect of New Guidelines on Induction Rate

Notes. Graph shows the treatment effects estimated as yearly interactions with the treatment group (going at least 7 days past
due date). The dots represent the δt estimate from equation (2) using 2008 as the comparison year. The bars represent 95%
confidence bands clustered at year-specific hospital level. The sample includes first-time mothers going at least 3 days past due
date and who have age<40, BMI<35, and observed BMI. The estimates includes year, hospital, month of birth and weekday
of hospitalization fixed effects as well as background characteristics. Missing variables are handled with a dummy-approach.
The parsimonious estimation results can be found in Appendix B, Table B.1, column (3).

the simple model are shown for two different samples: one using all available years except from 2010

and 2011 (2004-2009 vs 2012-2016), and another restricting the sample to only two years before and after

implementing the new guidelines (2008-2009 vs 2012-2013).

The treatment effects are statistically insignificant for all considered outcomes with the exception

of use of epidural. For the routine induction group, the treatment effect is significant in both samples

and has a magnitude of 2.52-3.70 percentage points. Compared to the before mean, this corresponds

to a 7.51-12.90 % increase. Yet, using only two years before and after the implementation of the new

guidelines, the treatment effect reduces both in size and in statistical significance. Moreover, the results

from the flexible model in Figure 3.7 reveal, that the increasing use of epidural does not coincide with the

increasing use of labour inductions. Instead, the coefficients show a slightly increasing trend throughout

the sample period resulting in positive and significant treatment effects in the simple model25. Contrary

25A potential concern may be that the coding of use of epidural has increased over time. The descriptive data
shows a gradually increasing mean of use of epidural prior to 2011 after which the mean looks more stable. Thus,
if post-date pregnancies are more likely to receive epidural pain relief, but the coding was underreported in early
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to the effects found for labour induction, the effect is not statistically significant before 2014, and it is

largest in the years 2015-2016. Thus, it is questionable that the increase in use of epidural is caused by

the increase in labour inductions.

For the remaining outcomes, estimation results from the flexible model (2) (Figure B.1) supports the

conclusion of no significant effects. Importantly, no evidence of pre-treatment effects are found. For

vacuum extraction and emergency CS, the treatment effect is statistically significant at a 5% significance

level for the year of 2016 and 2011, respectively. As the treatment effects for all other years are insignifi-

cant and shows no clear trend, this is not ascribed to be a consequence of the new guidelines.

The sign of the estimated treatment effect varies across samples when considering the Apgar score,

but the estimated treatment effect on mother’s hospitalization is positive in line with the positive asso-

ciation between labour induction and duration of birth. The sign of the estimated treatment effects on

vacuum extraction, emergency CS, and child’s hospitalization are negative, whereas the estimated treat-

ment effects on admission to the NICU is positive. As results are highly insignificant (both statistically

and practically), these observations should not receive too much emphasis.

In conclusion, little evidence is found that increased labour induction affected mother and child short

run outcomes. Only use of epidural was significantly affected, but it is questionable that the relative

increase is a result of increased labour induction.

Reconciling Results with the Existing Health Literature The result that earlier routine induc-

tion had no effect on children’s Apgar score, emergency CS and vacuum extraction is in line with the

SWEPSIS study (Wennerholm et al., 2019) and most of the existing health literature evaluating the new

guidelines (Hedegaard et al., 2015; Rydahl et al., 2019a; Wolff et al., 2016). The only exception is Zizzo

et al. (2017) who find a reduced risk of having a vacuum extraction, but they do not account for time

trends. The results on Apgar score and vacuum extraction are also generally supported by meta-study

by Rydahl et al. (2019b). Whereas they conclude that the risk of having a CS increased, their result on the

overall risk of having a CS based only on RCTs and quasi-experimental studies are in accordance with

my result: they report a 95% confidence bands including a relative risk of 1 corresponding to no effect.

Turning next to admission into the NICU, Hedegaard et al. (2015) found a positive and significant

effect. Restricting the sample to years closer to the event and to women with a higher gestational age,

Zizzo et al. (2017) and Wolff et al. (2016) find a smaller positive effect on admission to the NICU, at times

only significant at the 10% significance level. When I formally use the difference-in-difference approach,

the estimated effect reduces even further and becomes insignificant. The SWEPSIS study find a reduced

risk of being admitted to the NICU, whereas the meta-study by Rydahl et al. (2019b) which includes 3

RCTs/quasi-experimental studies and 1 observational study find no effect.

The SWEPSIS study found an increased use of epidural for women receiving the early induction

treatment. Rydahl et al. (2019a) find that the use of epidural increases when introducing the new guide-

lines, but also that the time trend of the use of epidural is less increasing afterwards. They do not take

years, this may explain the result. With this caveat in mind, I still report results using epidural in order to compare
my results with those by Rydahl et al. (2019a).
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Table 3.2: Treatment Effect of New Guidelines on Short Run Outcomes

δ Treatment Effect Before Mean

(1) (2) (3) (4)
Birth Interventions
Use of Epidural 0.0370*** 0.0252** 28.68% 33.56%

(0.0063) (0.0104)
Vacuum Extraction -0.0002 -0.0003 20.00% 19.84%

(0.0049) (0.0081)
Emergency CS -0.0035 -0.0022 21.11% 20.80%

(0.0046) (0.0062)
Mothers
Days of Hospitalization 0.0527 0.0568 3.96 3.67

(0.0420) (0.0767)
Children
Apgar Score -0.0053 0.0117 9.82 9.82

(0.0081) (0.0135)
Days of Hospitalization -0.0135 -0.0174 3.57 3.27

(0.0348) (0.0566)
Admission to the NICU 0.0005 0.0003 7.40% 7.33%

(0.0033) (0.0056)
Before group 2004-2009 2008-2009 2004-2009 2008-2009
After group 2012-2016 2012-2013 2012-2016 2012-2013
Number of births 105,644 38,015 34,534 11,670

Notes. The table shows results from the simple difference-in-difference model on different out-
comes based on equation (1). The before means show the group-specific sample means in the
period before implementing the new guidelines. The sample includes first-time mothers going
at least 3 days past due date and who have age<40, BMI<35, and observed BMI. The number
of hospitalization days for both mother and child as well as the Apgar score are missing in less
than 1% of the cases. The number of observation for children’s outcome is slightly higher than
the number of births because of a small number of multiple births. The estimates include year,
hospital, month of birth and weekday of hospitalization fixed effects as well as background char-
acteristics (corresponds to those included in Table B.1, column (3). Missing variables are handled
with a dummy-approach. Standard errors are clustered at year-specific hospital level. *p<0.10,
**p<0.05, ***p<0.01.
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Figure 3.7: Treatment effect of New Guidelines on Use of Epidural

Notes. Graph shows the treatment effects estimated as yearly interactions with the treatment group (going at least 7 days past
due date). The dots represent the δt estimate from equation (2) using 2008 as the comparison year. The bars represent 95%
confidence bands clustered at year-specific hospital level. The sample includes first-time mothers going at least 3 days past due
date and who have age<40, BMI<35, and observed BMI. The estimates includes year, hospital, month of birth and weekday
of hospitalization fixed effects as well as background characteristics (corresponds to those included in Table B.1, column (3)).
Missing variables are handled with a dummy-approach.

into account that women with high age, high BMI, and previous CS are less likely to be a part of their

sample after introducing the new guidelines as shown in Section 3.2.2. The results from the flexible

difference-in-difference model in Figure 3.6 and Figure 3.7 suggest that changes in use of epidural are

not caused by the increasing rate of induction.

In the future, it would be interesting to consider effects of earlier routine induction on uterus rup-

ture and high birth weight, since these outcomes have been found to increase as a consequence of the

introduction of the new guidelines (Rydahl et al., 2019a; Wolff et al., 2016). Additionally, it would be of

interest to study the effects on more specific conditions and diagnoses considered in the meta-study by

Rydahl et al. (2019b).

3.5.3. Medium Run Outcomes

Even though no short run effects were found, medium run outcomes may have been affected differently.

For example, Figlio et al. (2014) find that late term births are positively associated with test scores even
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though they are also negatively associated with infant health. Alternatively, some effects may only start

to show at a later point in time. Hedegaard et al. (2015) point to the fact that cerebral palsy typically has a

long latency before being diagnosed, and that this conditions could be a consequence of aphyxia during

birth. In general, the existing health studies do not investigate medium run outcomes. To my knowledge,

the only exception is Hedegaard et al. (2015) who investigate effects on cerebral palsy diagnosed within

three years after birth. They find a reduction in the risk of cerebral palsy during 2000-2012. Contrary to

this study, they do not separate time-trends from treatment effects.

When considering mothers’ and children’s medium run outcomes, 2013 is the last birth cohort in-

cluded. For simplicity, only treatment effects estimated by the simple model (1) are shown in Table

3.3 using the years 2004-2008 and 2008-2009, respectively, as the before period. Estimation results for

the flexible model (2) can be seen in Appendix B, Figure B.2-B.3. In all cases, no evidence of any pre-

treatment trends are found.

Estimated treatment effects on children’s use of health services, both total and non-preventive, are

negative, but insignificant. Figure B.2 additionally shows that the reduction in children’s use of health

services do not coincide with the increase in labour inductions. Only the coefficients for the treatment

effect for 2013 for non-preventive health services two and three years after birth are statistically signifi-

cant. If the new guidelines affected children’s use of health services, the treatment effect for 2012 would

be expected to be affected as well.

The effect on having contact with a psychiatrist or a psychologist is statistically insignificant. While

mother’s future fertility is positively affected when only considering two years before and after the

implementation of the new guidelines, the treatment effects are insignificant in all cases. Thus, results

do not show any impact of the new guidelines on medium run outcomes either.

3.5.4. Robustness Checks

Alternative Control Group A key assumption for the validity of my main results, was that only the

treatment group was affected by the implementation of the new guidelines. The main control group was

not exposed to routine induction or extended antenatal surveillance including CTGs and ultrasound

monitoring. Nevertheless, it may be a concern that all post-date pregnancies were treated differently

after introducing the new guidelines. For example, routine checks at the expected due date may have

changed because of increased awareness of risks associated with having a post-date pregnancy. Addi-

tionally, the clinical examination by a midwife, recommended at exactly one week after the expected due

date, was offered between the expected due date and 10 days after in 2012 (Zizzo et al., 2017). Clinical

examinations offered prior to one week past the expected due date may have been a continued practice

of offering a clinical examination around the expected due date. Alternatively, if this early clinical ex-

amination was imposed because of the new guidelines, this could cause a concern for the validity of the

main results.

Therefore, an alternative control group is considered using first-time mothers with a gestational age

of 2-4 days prior to the expected due date. Importantly, the treatment group is expanded to accommodate
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Table 3.3: Treatment Effect of New Guidelines on Medium Run Outcomes

δ Treatment Effect Before Mean

(1) (2) (3) (4)
Children
Use of health services
One year after birth -0.1843 -0.1115 20.71 22.15

(0.1833) (0.2219)
Two years after birth -0.5419 -0.5205 41.80 43.34

(0.3434) (0.4282)

Three years after birth -0.4572 -0.3897 53.11 54.54
(0.4457) (0.5442)

Use of non-preventive GP services
One year after birth -0.1153 -0.0850 10.49 9.82

(0.1221) (0.1521)
Two years after birth -0.3224 -0.3539 22.14 20.53

(0.2015) (0.2484)
Three years after birth -0.3342 -0.3705 28.66 26.63

(0.2419) (0.2907)
Mothers
Contact with psyc.a -0.0001 0.0015 2.55% 3.29%

(0.0027) (0.0035)
Another child within
Two years after birth 0.0001 -0.0025 14.80% 13.98%

(0.0051) (0.0066)
Three years after birth 0.0032 0.0032 45.18% 43.60%

(0.0083) (0.0098)
Before group 2004-2009 2008-2009 2004-2009 2008-2009
After group 2012-2013 2012-2013 2012-2013 2012-2013
Number of births 74,755 38,015 34,534 11,670

Notes. The table shows results from the simple difference-in-difference model on different out-
comes based on equation (1). The before means show the group-specific sample means in the
period before implementing the new guidelines. The sample includes first-time mothers going
at least 3 days past due date and who have age<40, BMI<35, and observed BMI. The number of
observation for children’s outcome is slightly higher than the number of births because of a small
number of multiple births. aWithin one year after birth. The estimates include year, hospital,
month of birth and weekday of hospitalization fixed effects as well as background characteristics
(corresponds to those included in Table B.1, column (3)). Missing variables are handled with a
dummy-approach. Standard errors are clustered at year-specific hospital level. *p<0.10, **p<0.05,
***p<0.01.
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an additional shifting of births because of the new guidelines. The alternative treatment group includes

first-time mothers with a gestational age reaching at least 1 day prior to the expected due date. Thus,

the concern that the new guidelines caused increased awareness of the risks associated with a post-date

pregnancy and therefore also affected the women in the control group should be less of a concern in this

case: the control group does not even reach their expected due date before being hospitalized with a

birth diagnosis.

Results for labour induction are robust: the treatment effect is statistically significant for all years

after the implementation of the new guidelines. The size of the effect is largest in the years immediately

after the implementation and then diminishes (Figure C.1). When using the alternative control and

treatment group, the estimated size of the treatment effect reduces compared to the main results (Table

C.1 versus Appendix B, Table B.2). This is consistent with the assumption that the original control group

was not affected by the new guidelines.

My results on mother and child short run health are generally unchanged26 (Table C.2 and Figure

C.2)., but the use of epidural is now concluded to be unaffected by the new guidelines (see Appendix

C). Using the simple model, the treatment effect is not statistically significant when only considering

two years before and after the new guidelines (Table C.2) and results for the flexible model only show a

significant treatment effect in the year of 2011 (Figure C.2).

When considering medium run outcomes, some of the coefficients in the simple model are now

statistically significant (Table C.3). However, in all cases results from the flexible model (Figure C.3-C.4)

show few significant effects, and the estimated effects do not show a pattern corresponding with the

introduction of the new guidelines. Only when considering having contact with a psychologist or a

psychiatrist, a significant treatment effect is found in the year of 2012. The treatment effect in 2013 is

positive, but statistically insignificant. Thus, the conclusion remains that overall the new guidelines did

not affect mother and child health, but potential effects on maternal mental health may deserve further

scrutinizing.

Multiple Hypothesis Testing Considering multiple outcomes increases the risk of rejecting a true

null hypothesis (Clarke et al., 2019). In order to circumvent this problem, I have computed p-values

adjusted for multiple hypothesis testing using the Romano Wolf correction described in Romano & Wolf

(2005a; 2005b; 2016) and applied in e.g. Gertler et al. (2014). The Romano-Wolf correction controls

the familywise error rate (FWER), i.e. the probability of rejecting at least one true null hypothesis for

a “family” or a subset of multiple hypotheses. They do so with a step-down procedure ranking the

test-statistics from the most significant to the least significant. In each step, significant hypotheses are

removed and a new family of hypotheses is then tested against a less demanding criteria until no further

hypotheses are rejected. Each criteria for rejection is based on the empirical distribution of the resampled

26The estimated effect on the use of vacuum extraction is now statistically significant at a 10% significance level,
when using the full sample, but not when using only two years before and after the implementation of the new
guidelines or when considering the flexible model. Thus, the conclusion that vacuum extraction was unaffected
by the introduction of the new guidelines remains.
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data27. Additionally, p-values adjusted for multiple hypothesis testing can be directly computed for each

test-statistic.

I restrict attention to results obtained with the simple difference-in-difference model using only two

years before and after the implementation of the new guidelines. Doing so enables me to consider all

outcome variables simultaneously. Table D.1 in Appendix D shows p-values obtained from the baseline

model as well as p-values corrected with the Romano-Wolf procedure. When adjusting for multiple

hypothesis testing, the treatment effect on use of epidural is no longer statistically significant. Since the

results for the simple model sometimes differed when using the alternative control group, I have also

computed adjusted p-values using the alternative control group. Once again, only the risk of induction

remains statistically significant. Thus, these results strengthen the conclusion that the new guidelines

did not affect mother and child health.

Pregnancies with Additional Known Risk Factors The preferred specification controls for having

a multiple pregnancy, but it does not exclude nor control for diabetes, hypertension, and preeclampsia.

The detection rate of diabetes, hypertension and preeclampsia during pregnancy may have increased

because of increased antenatal surveillance of post-date pregnancies following the new guidelines. For

example, a woman who develops gestational diabetes after her expected due date, may be diagnosed

and treated accordingly after the introduction of the new guidelines, but not previously. I want my

treatment variable to capture all types of effects resulting from the new guidelines.

Figure A.7 shows the share of births and ongoing pregnancies with a multiple pregnancy, diabetes,

hypertension, and preeclampsia. The share of multiple pregnancies have not changed for pregnancies

close to term before and after implementing the new guidelines. The share of births and ongoing preg-

nancies with diabetes, hypertension, and preeclampsia are on average higher in the years after introduc-

ing the new guidelines. The relative difference of the share with diabetes and hypertension before and

after the new guidelines does not change much before week 41. Even though the rate of preeclampsia is

initially higher in 2012-2016 compared to 2004-2009, it actually becomes lower from the middle of week

40 in 2012-2016. Since the rate of preeclampsia gradually drops throughout gestational week 37 to week

41 in 2012-2016 relative to 2004-2009, I do not expect this development to be a consequence of the new

guidelines since they were aimed at post-date pregnancies. Nevertheless, my main results have been

redone excluding pregnancies with a multiple pregnancy, diabetes hypertension, and preeclampsia. Re-

sults are robust and can be obtained from the author.

27I implement the Romano-Wolf correction using the Stata package provided by Clarke et al. (2019) which uses
bootstrap methods for resampling. Using resampling methods indirectly takes the dependence structure of the
test-statistics into account. This gives the Romano-Wolf correction more power than the Bonferroni (1935) and the
Holm (1979) correction. In contrast to the correction by Westfall & Young (1993), the Romano-Wolf correction does
not impose the subset pivotality condition which may be violated in certain applications.
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3.5.5. Socioeconomic Heterogeneous Effects

Other studies have found that effects from early medical interventions differ across socioeconomic status

(SES). Even if no explicit risk factors have been identified, Daysal et al. (2019) find that low SES benefit

from receiving a higher level of medical care. Bütikofer et al. (2019a) find that positive effects of increased

access to health centers are particularly strong for low SES.

To explore differential effects across SES, I have estimated the simple difference-in-difference model

separately for mothers with and without a college degree, using two years before and after the imple-

mentation of the new guidelines (see Appendix E). Results show that the increased risk of having an

induced birth is larger for first-time mothers without a college degree compared to mothers with a col-

lege degree: 12.33 versus 8.99 percentage points. Mothers without a college degree were less likely to

have an induced birth before the implementation of the new guidelines leading to a relative increase

of 42.14% (compared to 29.09% for mothers with a college education). These results suggest that low

SES mothers respond stronger on recommending earlier routine induction. Yet, using the alternative

control and treatment group, mothers with and without a college degree do not seem to vary much in

their response to the new guidelines. In fact, if anything, the effect was larger for mothers with a college

degree: the estimated treatment effect is 6.51 (5.81) percentage points for mothers with(out) a college

degree, corresponding to a relative increase of 31.94 (29.23) %.

Results on mother and child health supports a conclusion of overall no effect. In the main sample,

the relative increase in the use of epidural is slightly larger for mothers with a college degree. Moreover,

the effect for non-college mothers is only statistically significant at a 10% significance level. If earlier

routine induction in itself caused use of epidural to increase, the reverse would be expected. Thus,

this result is consistent with the conclusion that earlier routine induction was not the reason behind the

relative increase in the use of epidural. Remaining results are insignificant for the main sample. Using

the alternative sample, all results for mother and child health are insignificant at 5 % significance level.

Thus, I do not find evidence of any robust socio-economic heterogeneous effects.

3.6. Conclusion
In many countries, practice has changed towards earlier routine induction which has led to a concern

of associated consequences on mother and child health (Rydahl et al., 2019b). Yet, the existing evidence

show mixed results and has largely ignored potential medium run effects (health measured beyond the

time of birth).

This study focuses on the short and medium run morbidity effects of earlier routine induction of low

risk pregnancies. In particular, I add to the existing medical literature by considering both children’s

use of accumulated health services as well as non-preventive GP services one to three years after birth,

mothers’ future fertility and a proxy for mothers’ mental health. I exploit the introduction of new Danish

guidelines for post-date pregnancies which moved routine induction of low risk pregnancies one to four

days forward, now offered from 10 days past the expected due date instead of 14 days. Additionally, it
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introduced extended antenatal surveillance at one week after the expected due date. Using a difference-

in-difference strategy, I find that affected first-time mothers experience a significant increase in the risk

of being induced compared to a control group of first-time mothers who go 3-6 days past due date.

The magnitude corresponds to a relative increase of 9.31-11.02 percentage points for mothers going at

least 7 days past due date, and a 31.96-37.85% increase. My results thus strongly confirm that the new

guidelines increased the risk of being induced.

Turning to potential consequences, I do not find any effects on mother and child health. The only

affected outcome was use of epidural. Yet, I conclude that the change in use of epidural is not a conse-

quence of earlier routine induction, since yearly treatment effects did not reflect the pattern observed for

induction. My conclusion is robust to using a different control group, adjusting for multiple hypothesis

testing, and excluding pregnancies with known risk factors. using Using the alternative treatment group

or adjusting for multiple hypothesis testing do not show a significant effect on the use of epidural which

strengthens my conclusion. Finally, I do not find any evidence of socioeconomic heterogeneous effects

in both the main and alternative sample. Whereas results for the main sample showed that the treatment

effect on the risk of being induced was larger for mothers without a college degree, the same was not

found in the alternative sample. In conclusion, I do not find any short or medium run morbidity effects

of introducing the new guidelines regarding earlier routine induction of post-date pregnancies.

Interestingly, Borra et al. (2019) suggest that adverse effects of scheduling births early due to non-

medical reasons are driven by reduced time in the womb and not delivery method. Consistent with

this line of thought, Jürges (2017) do not find any harmful effects for scheduling birth late due to non-

medical reasons. In this perspective, my null-result may not be that surprising. Babies born post-date

should be more ready for life outside the womb than the affected babies in Borra et al. (2019)’s study,

who on average were born one week early.

In recent years, several societies of obstetricians and gynecologists have recommended routine induc-

tion of low risk pregnancies before 14 days past due date, while others do not find sufficient evidence

for making such a recommendation. In this broader context, the change of Danish guidelines provides a

very relevant setting to study consequences of earlier routine induction. Previous medical studies have

found mixed short run effects. My results show no short and medium run effects on mother and child

morbidity by moving routine induction earlier than 14 days past due date.

However, a main motivation for moving routine induction forward was to reduce the risk of still-

birth. Whereas many studies are unable to draw a statistically significant conclusions of how earlier

induction affects mortality (e.g. Rydahl et al., 2019b), the SWEPSIS study cautiously suggests that the

risk of stillbirth may be reduced (Wennerholm et al., 2019). Since I do not find evidence of any harmfull

effects on mother and child health, my results would support a policy that moved routine induction

early as a precautionary measure. Yet, one limitation is that the Danish change in policy only moved

routine induction 1-4 days early, whereas a policy that moved routine induction 7 days early (as the

SWEPSIS study) may cause different or larger effects.

Another limitaiton is that my list of outcome variables is not complete, and there may be overlooked
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risks of induction relevant to take into account. In particular, Rydahl et al. (2019a) find that uterus rup-

tures, a rare but severe consequence of labour induction, doubled after introducing the new guidelines.

In any case, my results show that harmful effects of earlier routine induction are not severe enough to

translate into mothers’ mental health or future fertility decisions. This result contrasts with results found

for mothers having a CS (Halla et al., 2020; Tonei, 2019). In a similar manner, avoidable CSs have been

found to affect children’s medium run health negatively (Costa-Ramón et al., 2019). The WHO (2011;

2018) specifically asks not only for more research on the consequences of labour induction, but also for

better knowledge of how such consequences of labour induction compare with consequences of having

a CS. Thus, considering the existing evidence on medium run consequences of having (an avoidable) CS,

my null-result of earlier routine induction on related outcomes provides an important perspective.

In order to grasp the full impact of the new guidelines it would be relevant to know how hospital

ressources have been impacted. In particular, has the increased number of induced births put pressure on

hospital staffing and ressources (e.g. because of increased monitoring during birth)? Or is the difference

miniscule? If the workload of midwives have increased, this could have led to possible adverse spillover

effects. This important question is left for future research.

Finally, it should be noted that I am unable to disentangle consequences of earlier routine induction

and consequences of extended antenatal surveillance, since both interventions were introduced simulta-

neously. The evidence of providing extended antenatal surveillance to post-date pregnancies is limited

(ACOG, 2014; DSOG, 2015), and being able to separate such effects from effects of earlier routine induc-

tion would help manage hospital resources more efficiently. However, the fact that the joint intervention

of both extended antenatal surveillance and earlier routine induction did not improve child and mother

morbidity, suggests that earlier routine induction in itself will not do so either.
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Appendix

A. The Observed Change in the Registers

Figure A.1: Share of Ongoing Pregnancies and Births Being First-Time Mothers

Note: Mothers with missing information about parity are excluded. The numbers above the bars indicate the total number of
births and ongoing pregnacies idenfitified as first-time mothers during the years 2012-2016. Gestational length is modified to
measure duration until hospitalization with a birth diagnosis and not actual time of birth. Mothers with unknown parity are
excluded. In medical terms the gestational age is measured in completed pregnancy weeks + completed days, i.e. the expected
due date is 40+0.
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Figure A.2: Share of Ongoing Pregnancies and Births with BMI∈ [30; 35)

Note: Includes only first-time mothers. The numbers above the bars indicate the total number of births and ongoing pregna-
cies with the listed characteristic for the years 2012-2016. The figure only includes individuals with information about BMI.
Gestational length is modified to measure duration until hospitalization with a birth diagnosis and not actual time of birth. In
medical terms the gestational age is measured in completed pregnancy weeks + completed days, i.e. the expected due date is
40+0.
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Figure A.3: Share of Ongoing Pregnancies and Births with

(a) High Age (b) High BMI

(c) Previous CS

Note: Includes only non-first-time mothers. High BMI refers to a BMI≥34 and high age refers to age≥40. The numbers above
the bars indicate the total number of births and ongoing pregnacies with the listed characteristic for the years 2012-2016. The
rate of high BMI is only shown for individuals with information about BMI. Previous CS is only registered if it occurred in
Denmark. Gestational length is modified to measure duration until hospitalization with a birth diagnosis and not actual time
of birth. In medical terms the gestational age is measured in completed pregnancy weeks + completed days, i.e. the expected
due date is 40+0.
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Figure A.4: Ongoing Pregnancies per Gestational Day

(a) All non-first-time mothers (b) Non-first-time mothers with age<40 & BMI<35

Note: Includes only non-first-time mothers. The numbers above the bars indicate the total number of remaining pregnancies for
each gestational day during 2012-2016. Figure (b) excludes women with age≥40, BMI≥35, and unobserved BMI. Gestational
length is modified to measure duration until hospitalization with a birth diagnosis and not actual time of birth. In medical
terms the gestational age is measured in completed pregnancy weeks + completed days, i.e. the expected due date is 40+0.
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Figure A.5: Delivery Method per Gestational Day

All Non-First-Time Mothers
(a) 2004-2009 (b) 2012-2016

Non-First-Time Mothers with age<40 and BMI<35

(c) 2004-2009 (d) 2012-2016

Note: Includes only non-first-time mothers. The numbers indicate the total number of elective CSs each gestational day. Figure
(c) and (d) excludes women with age≥40, BMI≥35, and unobserved BMI. Gestational length is modified to measure duration
until hospitalization with a birth diagnosis and not actual time of birth. In medical terms the gestational age is measured in
completed pregnancy weeks + completed days, i.e. the expected due date is 40+0.
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Figure A.6: Cause-Specific Hazards 2008-2009 vs 2012-2013

(a) Induction (b) Difference in Hazard of Induction

Note: Note: The hazard is estimated by a piecewise linear exponential model. It includes a dummy for the period after
implementing the new guidelines (2012-2013) interacted with the spline function. Controls are included for maternal and
paternal age (centralized), mother’s BMI (centralized), missing paternal registry, parents not cohabiting, smoking, having a
multiple pregnancy, immigrant/descendant, labour market status (baseline=employed), and college education. Missings are
handled with a dummy approach. The sample includes only first-time mothers with age<40 and BMI<35 and excludes the
years 2010-2011 as well as mothers without information about BMI. Gestational length is modified to measure duration until
hospitalization with a birth diagnosis and not actual time of birth.
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Figure A.7: Share of Ongoing Pregnancies and Births with

(a) a Multiple Pregnancy (b) Diabetes

(c) Hypertension (d) Preeclampsia

Note: Includes only first-time mothers. Gestational length is modified to measure duration until hospitalization with a birth
diagnosis and not actual time of birth. In medical terms the gestational age is measured in completed pregnancy weeks +
completed days, i.e. the expected due date is 40+0.
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B. Additional Results

Table B.1: Treatment Effects of New Guidelines on Induction Rate

Births=124,909 (1) (2) (3) (4) (5) (6)

2004 × Treatment Group 0.0051 0.0068 0.0071 0.0064 0.0066 0.0078

(0.0141) (0.0140) (0.0139) (0.0142) (0.0141) (0.0140)

2005 × Treatment Group 0.0084 0.0099 0.0103 0.0083 0.0087 0.0115

(0.0153) (0.0152) (0.0152) (0.0151) (0.0151) (0.0153)

2006 × Treatment Group 0.0187 0.0171 0.0174 0.0166 0.0168 0.0167

(0.0147) (0.0146) (0.0145) (0.0144) (0.0143) (0.0145)

2007 × Treatment Group 0.0245 0.0231 0.0239 0.0212 0.0220 0.0231

(0.0162) (0.0159) (0.0158) (0.0156) (0.0155) (0.0159)

2009 × Treatment Group 0.0204 0.0201 0.0210 0.0215 0.0223 0.0197

(0.0158) (0.0157) (0.0156) (0.0161) (0.0159) (0.0157)

2010 × Treatment Group 0.0272 0.0250 0.0252 0.0265 0.0267 0.0255

(0.0171) (0.0169) (0.0167) (0.0169) (0.0168) (0.0166)

2011 × Treatment Group 0.0659*** 0.0662*** 0.0671*** 0.0674*** 0.0682*** 0.0663***

(0.0216) (0.0214) (0.0213) (0.0212) (0.0211) (0.0211)

2012 × Treatment Group 0.1165*** 0.1165*** 0.1167*** 0.1191*** 0.1193*** 0.1162***

(0.0210) (0.0211) (0.0210) (0.0208) (0.0207) (0.0210)

2013 × Treatment Group 0.1246*** 0.1246*** 0.1251*** 0.1260*** 0.1264*** 0.1238***

(0.0190) (0.0189) (0.0189) (0.0182) (0.0182) (0.0191)

2014 × Treatment Group 0.1144*** 0.1146*** 0.1161*** 0.1173*** 0.1186*** 0.1153***

(0.0166) (0.0165) (0.0164) (0.0165) (0.0164) (0.0165)

2015 × Treatment Group 0.0987*** 0.0992*** 0.1002*** 0.1040*** 0.1049*** 0.0991***

(0.0196) (0.0197) (0.0195) (0.0188) (0.0186) (0.0196)

2016 × Treatment Group 0.0847*** 0.0853*** 0.0865*** 0.0895*** 0.0906*** 0.0859***

(0.0160) (0.0162) (0.0159) (0.0161) (0.0158) (0.0161)

Mean Induction Rate 2008 27.99%

Includes

Pregnancy-related controlsa Yes Yes Yes Yes Yes

Background controlsb Yes Yes Yes Yes

Additional pregnancy-

related controlsc
Yes Yes

Additional background

controlsd
Yes Yes

Hospital×year dummies Yes

Continued on next page
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Table B.1 – continued from previous page
Notes. The table shows results from the difference-in-difference model on being induced based

on equation (2). 2008 is used as the base year. The sample includes first-time mothers going

at least 3 days past due date and who have age<40, BMI<35, and observed BMI. The treatment

group includes all going at least 7 days past due date. All estimates include year, hospital, month

of birth and weekday of hospitalization fixed effects. aBMI, BMI2, age, age2, smoking, multiple

pregnancy, mother’s use of health services prior to pregnancy#. bFather’s age & age2, missing pa-

ternal registry, child’s gender, parents cohabitation status#, dummies for educational level#, dum-

mies for labour market status# & immigrant/descendant. cDiabetes, hypertension, preeclampsia,

BMI<18.5. dTeenage mom, Teenage dad, Father’s age>40. Missing variables are handled with

a dummy-approach. #Measured two years prior to birth. Standard errors are clustered at year-

specific hospital level. *p<0.10, **p<0.05, ***p<0.01.

Table B.2: Treatment Effect of New Guidelines on Induction Rate

(1) (2) (3) (4) (5) (6) (7)
δ Treatment Effect 0.0963*** 0.0947*** 0.0931*** 0.0969*** 0.1079*** 0.1102*** 0.1048***

(0.0082) (0.0080) (0.0079) (0.0106) (0.0124) (0.0143) (0.0136)
Before Mean 27.84% 28.51% 29.13% 29.91% 28.51% 29.91% 30.85%
Before group 04-08 04-09 04-10 08-09 04-09 08-09 08-10
After group 12-16 12-16 12-16 12-16 12-13 12-13 12-13
Number of Births 96,232 105,644 115,519 68,904 74,755 38,015 47,890

Notes. The table shows results from the simple difference-in-difference model on being induced based
on equation (1). The before means show the group-specific sample means in the period before imple-
menting the new guidelines. The sample includes first-time mothers going at least 3 days past due
date and who have age<40, BMI<35, and observed BMI. The estimates include year, hospital, month of
birth and weekday of hospitalization fixed effects as well as background characteristics (corresponds
to those included in Table B.1, column (3)). Missing variables are handled with a dummy-approach.
Standard errors are clustered at year-specific hospital level. *p<0.10, **p<0.05, ***p<0.01.
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C. Alternative Control Group

Figure C.1: Treatment Effect of New Guidelines on Induction Rate

Notes. Graph shows the treatment effects estimated as yearly interactions with the treatment group (having a gestational
age of at least 1 day prior to expected due date). The dots represent the δt estimate from equation (2) using 2008 as the
comparison year. The bars represent 95% confidence bands clustered at year-specific hospital level. The sample includes first-
time mothers with a gestational age of at least 4 days prior to expected due date and who have age<40, BMI<35, and observed
BMI. The estimates includes year, hospital, month of birth and weekday of hospitalization fixed effects as well as background
characteristics (corresponds to those included in Table B.1, column (3)). Missing variables are handled with a dummy-approach.
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Table C.1: Treatment Effect of New Guidelines on Induction Rate

(1) (2) (3) (4) (5) (6) (7)
δ Treatment Effect 0.0452*** 0.0439*** 0.0433*** 0.0455*** 0.0591*** 0.0605*** 0.0585***

(0.0058) (0.0056) (0.0055) (0.0072) (0.0081) (0.0091) (0.0087)
Before Mean 17.71% 18.33% 18.98% 20.07% 18.33% 20.07% 20.94%
Before group 04-08 04-09 04-10 08-09 04-09 08-09 08-10
After group 12-16 12-16 12-16 12-16 12-13 12-13 12-13
Number of Births 156,307 171,819 187,953 111,345 122,306 61,832 77,966

Notes. The table shows results from the simple difference-in-difference model on being induced based
on equation (1). The before means show the group-specific sample means in the period before imple-
menting the new guidelines. The sample includes first-time mothers with a gestational age of at least
4 days prior to expected due date and who have age<40, BMI<35, and observed BMI. The estimates
include year, hospital, month of birth and weekday of hospitalization fixed effects as well as back-
ground characteristics (corresponds to those included in Table B.1, column (3)). Missing variables are
handled with a dummy-approach. Standard errors are clustered at year-specific hospital level. *p<0.10,
**p<0.05, ***p<0.01.
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Table C.2: Treatment effect of New Guidelines on Short Run Outcomes

δ Treatment Effect Before Mean

(1) (2) (3) (4)
Birth Interventions
Use of Epidural 0.0307*** 0.0108 26.01% 31.00%

(0.0067) (0.0126)
Vacuum Extraction -0.0077* -0.0013 18.51% 18.11%

(0.0046) (0.0078)
Emergency CS -0.0006 -0.0034 16.77% 16.58%

(0.0046) (0.0080)
Mothers
Days of Hospitalization -0.0160 -0.0614 3.83 3.55

(0.0505) (0.0989)
Children
Apgar Score 0.0112 0.0078 9.84 9.84

(0.0077) (0.0136)
Days of Hospitalization -0.0441 -0.0111 3.48 3.19

(0.0395) (0.0725)
Admission to the NICU -0.0013 -0.0048 6.48% 6.31%

(0.0032) (0.0055)
Before group 2004-2009 2008-2009 2004-2009 2008-2009
After group 2012-2016 2012-2013 2012-2016 2012-2013
Number of births 171,819 61,832 78,072 26,577

Notes. The table shows results from the simple difference-in-difference model on different out-
comes based on equation (1). The before means show the group-specific sample means in the
period before implementing the new guidelines. The sample includes first-time mothers with a
gestational age of at least 4 days prior to expected due date and who have age<40, BMI<35, and
observed BMI. The number of hospitalization days for both mother and child as well as the Apgar
score are missing in less than 1% of the cases. The number of observation for children’s outcome
is slightly higher than the number of births because of a small number of multiple births. The
estimates include year, hospital, month of birth and weekday of hospitalization fixed effects as
well as background characteristics (corresponds to those included in Table B.1, column (3)). Miss-
ing variables are handled with a dummy-approach. Standard errors are clustered at year-specific
hospital level. *p<0.10, **p<0.05, ***p<0.01.
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Figure C.2: Treatment Effects of New Guidelines on

Use of Epidural

Vacuum Extraction

Notes. Graph shows the treatment effects estimated as yearly interactions with the treatment group (having a gestational
age of at least 1 day prior to expected due date). The dots represent the δt estimate from equation (2) using 2008 as the
comparison year. The bars represent 95% confidence bands clustered at year-specific hospital level. The sample includes first-
time mothers with a gestational age of at least 4 days prior to expected due date and who have age<40, BMI<35, and observed
BMI. The estimates includes year, hospital, month of birth and weekday of hospitalization fixed effects as well as background
characteristics (corresponds to those included in Table B.1, column (3)). Missing variables are handled with a dummy-approach.
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Table C.3: Treatment effect of New Guidelines on Medium Run Outcomes

δ Treatment Effect Before Mean

(1) (2) (3) (4)
Children
Use of health services
One year after birth -0.5441** -0.4899 20.91 22.40

(0.2555) (0.3028)
Two years after birth -0.9498* -0.8880 42.17 43.84

(0.4954) (0.6080)
Three years after birth -0.8714 -0.7504 53.62 55.24

(0.5724) (0.7241)
Use of non-preventive GP services
One year after birth -0.2091 -0.1741 10.61 9.96

(0.1499) (0.1754)
Two years after birth -0.1917 -0.1484 22.33 20.74

(0.2510) (0.3039)
Three years after birth -0.1354 -0.0789 28.90 26.91

(0.2976) (0.3657)
Mothers
Contact with psyc.a 0.0084** 0.0108** 2.58% 3.41%

(0.0035) (0.0046)
Another child within
Two years after birth 0.0127 0.0170* 15.27% 14.66%

(0.0078) (0.0092)
Three years after birth 0.0170 0.0245* 45.60% 44.20%

(0.0114) (0.0131)
Before group 2004-2009 2008-2009 2004-2009 2008-2009
After group 2012-2013 2012-2013 2012-2013 2012-2013
Number of births 122,306 61,832 122,306 61,832

Notes. The table shows results from the simple difference-in-difference model on different out-
comes based on equation (1). The before means show the group-specific sample means in the
period before implementing the new guidelines. The sample includes first-time mothers with a
gestational age of at least 4 days prior to expected due date and who have age<40, BMI<35, and
observed BMI. aWithin one year after birth. The number of observation for children’s outcome
is slightly higher than the number of births because of a small number of multiple births. The
estimates include year, hospital, month of birth and weekday of hospitalization fixed effects as
well as background characteristics (corresponds to those included in Table B.1, column (3)). Miss-
ing variables are handled with a dummy-approach. Standard errors are clustered at year-specific
hospital level. *p<0.10, **p<0.05, ***p<0.01.
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D. Multiple Hypothesis Testing

Table D.1: P-values for Treatment Effects adjusted for Multiple Hypothesis Testing

Main Sample Alternative Sample

Model P-value RW P-value Model P-value RW P-value
(1) (2) (3) (4)

Birth Interventions
Induction 0.0000 0.0020 0.0000 0.0020
Use of Epidural 0.0173 0.2395 0.3936 0.9880
Vacuum Extraction 0.9680 10.000 0.8714 10.000
Emergency CS 0.7228 10.000 0.6707 10.000
Mother Outcomes
Days of Hospitalization Mother 0.4604 10.000 0.5363 0.9940
Contact with psyc. 0.6679 10.000 0.0215 0.2854
Another birth within two years 0.7051 10.000 0.0682 0.5928
Another birth within three years 0.7463 10.000 0.0637 0.5928
Child Outcomes
Apgar score 0.3881 0.9960 0.5650 0.9940
Days of Hospitalization Child 0.7588 10.000 0.8783 10.000
NICU 0.9587 10.000 0.3854 0.9880
Health services
One Year After Birth 0.6167 10.000 0.1091 0.7425
Two Years After Birth 0.2271 0.9361 0.1475 0.8164
Three Years After Birth 0.4756 10.000 0.3027 0.95818
Non-preventive family GP services
One Year After Birth 0.5773 10.000 0.3235 0.9661
Two Years After Birth 0.1576 0.8663 0.6264 10.000
Three Years After Birth 0.2055 0.9162 0.8297 10.000

Notes. This table shows the p-values associated with the estimated treatment effects based on the simple
difference-in-difference model in equation (1). The model p-value is based on standard errors clustered at the year-
specific hospital level. The RW p-value adjusts for multiple hypothesis testing using the Romano-Wolf correction
based on 500 repititions. The empirical model for the main (alternative) sample includes 38,015 (61,832)first-time
mothers giving birth in 2008-2009 or 2012-2013 with age<40, BMI<35, and who pass the expected due date with
at least 3 days (who have a gestational age of at least 4 days prior to expected due date). The number of observa-
tions is slightly higher for children’s outcomes because of a small number of multiple births. Hospitalization days
(both mother and child) as well as Apgar score are missing for less than 1%. The estimates includes year, hospital,
month of birth and weekday of hospitalization fixed effects as well as background characteristics (corresponds to
those included in Table B.1, column (3)). Missing variables are handled with a dummy-approach.
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E. Main Results by College/Non-College Education

Table E.1: Short Run Effects Split by College - Main Control & Treatment Group

College Births=14,938 δ Treatment Effect Before Mean

Non-Coll. Births=23,077 College Non-Coll. College Non-Coll.
(1) (2) (3) (4)

Birth Interventions
Induction 0.0899*** 0.1233*** 30.90% 29.26%

(0.0160) (0.0175)
Use of Epidural 0.0319** 0.0227* 33.89% 33.34%

(0.0159) (0.0131)
Vacuum Extraction 0.0023 -0.0020 21.50% 18.76%

(0.0138) (0.0099)
Emergency CS -0.0098 0.0036 20.62% 20.91%

(0.0092) (0.0089)
Mothers
Days of Hospitalization -0.0041 0.0916 3.61 3.71

(0.0665) (0.1098)
Children
Apgar score 0.0195 0.0075 9.82 9.82

(0.0256) (0.0147)
Days of Hospitalization 0.0479 -0.0640 3.21 3.31

(0.0672) (0.0849)
Admission to NICU 0.0057 -0.0028 6.90% 7.60%

(0.0074) (0.0075)

Notes. The table shows results from the simple difference-in-difference model on different out-
comes based on equation (1), and estimated separately for mothers with or without a college (or
equivalent) degree. The before means show the group-specific sample means 2008-2009. The sam-
ple includes first-time mothers giving birth in 2008-2009 or 2012-2013 with age<40, BMI<35, and
who go at least 3 days past due date. The number of observations is slightly higher for children’s
outcomes because of a small number of multiple births. Hospitalization days (both mother and
child) as well as Apgar score is missing for less than 1%. The estimates includes year, hospital,
month of birth and weekday of hospitalization fixed effects as well as background characteristics
(corresponds to those included in Table B.1, column (3)). Missing variables are handled with a
dummy-approach. Standard errors are clustered at year-specific hospital level. *p<0.10, **p<0.05,
***p<0.01.
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Table E.2: Medium Run Effects Split by College - Main Control & Treatment Group

College Births=14,938 δ Treatment Effect Before Mean

Non-Coll. Births=23,077 College Non-Coll. College Non-Coll.
(1) (2) (3) (4)

Children
Use of health services
One year after birth -0.2633 -0.0199 21.25 22.73

(0.4038) (0.2940)
Two years after birth -0.9013 -0.2339 41.88 44.28

(0.8165) (0.5767)
Three years after birth -1.0379 0.0616 52.41 55.92

(1.0006) (0.7480)
Use of non-preventive GP services
One year after birth -0.0256 -0.1145 9.22 10.21

(0.2714) (0.1833)
Two years after birth -0.3047 -0.3454 19.54 21.17

(0.4539) (0.2951)
Three years after birth -0.3264 -0.3487 25.19 27.56

(0.5493) (0.3624)
Mothers
Contact with psyc.a 0.0029 0.0002 3.43% 3.20%

(0.0061) (0.0051)
Another child within
Two years after birth -0.0121 0.0045 13.97% 13.98%

(0.0110) (0.0095)
Three years after birth 0.0060 0.0006 48.56% 40.39%

(0.0138) (0.0122)

Notes. The table shows results from the simple difference-in-difference model on different out-
comes based on equation (1), and estimated separately for mothers with or without a college (or
equivalent) degree. The before means show the group-specific sample means 2008-2009. The
sample includes first-time mothers giving birth in 2008-2009 or 2012-2013 with age<40, BMI<35,
and who go at least 3 days past due date. aWithin one year after birth. The number of observa-
tions is slightly higher for children’s outcomes because of a small number of multiple births. The
estimates includes year, hospital, month of birth and weekday of hospitalization fixed effects as
well as background characteristics (corresponds to those included in Table B.1, column (3)). Miss-
ing variables are handled with a dummy-approach. Standard errors are clustered at year-specific
hospital level. *p<0.10, **p<0.05, ***p<0.01.
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Table E.3: Short Run Effects Split by College - Alternative Control & Treatment Group

College Births=23,505 δ Treatment Effect Before Mean

Non-Coll. Births=38,327 College Non-Coll. College Non-Coll.
(1) (2) (3) (4)

Birth Interventions
Induction 0.0651*** 0.0581*** 20.38% 19.88%

(0.0130) (0.0115)
Use of Epidural 0.0156 0.0108 30.84% 31.10%

(0.0201) (0.0149)
Vacuum Extraction -0.0126 0.0049 19.58% 17.23%

(0.0133) (0.0102)
Emergency CS 0.0026 -0.0064 16.39% 16.70%

(0.0134) (0.0092)
Mothers
Days of Hospitalization -0.1456 -0.0134 3.49 3.59

(0.2083) (0.0698)
Children
Apgar score -0.0055 0.0157 9.85 9.84

(0.0215) (0.0175)
Days of Hospitalization -0.0158 -0.0075 3.14 3.23

(0.0998) (0.0822)
Admission to NICU -0.0052 -0.0048 5.94% 6.54%

(0.0093) (0.0070)

Notes. The table shows results from the simple difference-in-difference model on different out-
comes based on equation (1), and estimated separately for mothers with or without a college (or
equivalent) degree. The before means show the group-specific sample means 2008-2009. The
sample includes first-time mothers with a gestational age of at least 4 days prior to expected due
date and who have age<40, BMI<35, and observed BMI. The number of hospitalization days for
both mother and child as well as the Apgar score are missing in less than 1% of the cases. The
number of observation for children’s outcome is slightly higher than the number of births be-
cause of a small number of multiple births. The estimates include year, hospital, month of birth
and weekday of hospitalization fixed effects as well as background characteristics (corresponds to
those included in Table B.1, column (3)). Missing variables are handled with a dummy-approach.
Standard errors are clustered at year-specific hospital level. *p<0.10, **p<0.05, ***p<0.01.
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Table E.4: Medium Run Effects Split by College - Alternative Control & Treatment Group

College Births=23,505 δTreatment Effect Before Mean

Non-Coll. Births=38,327 College Non-Coll. College Non-Coll.
(1) (2) (3) (4)

Children
Use of health services
One year after birth -0.3301 -0.5310 21.40 23.00

(0.4433) (0.3971)
Two years after birth -0.5132 -0.9897 42.27 44.78

(0.8042) (0.7780)
Three years after birth -0.0149 -1.0347 52.95 56.63

(0.9865) (0.9294)
Use of non-preventive GP services
One year after birth -0.0670 -0.2212 9.33 10.34

(0.2891) (0.2277)
Two years after birth 0.3082 -0.3770 19.74 21.35

(0.4565) (0.4094)
Three years after birth 0.6964 -0.4912 25.45 27.80

(0.5613) (0.5051)
Mothers
Contact with psyc.a 0.0130 0.0095* 3.57% 3.31%

(0.0081) (0.0050)
Another child within
Two years after birth 0.0274* 0.0125 14.93% 14.50%

(0.0143) (0.0105)
Three years after birth 0.0249 0.0250* 50.21% 40.57%

(0.0184) (0.0144)

Notes. The table shows results from the simple difference-in-difference model on different out-
comes based on equation (1), and estimated separately for mothers with or without a college (or
equivalent) degree. The before means show the group-specific sample means 2008-2009. The sam-
ple includes first-time mothers with a gestational age of at least 4 days prior to expected due date
and who have age<40, BMI<35, and observed BMI. aWithin one year after birth. The number of
observation for children’s outcome is slightly higher than the number of births because of a small
number of multiple births. The estimates include year, hospital, month of birth and weekday of
hospitalization fixed effects as well as background characteristics (corresponds to those included
in Table B.1, column (3)). Missing variables are handled with a dummy-approach. Standard errors
are clustered at year-specific hospital level. *p<0.10, **p<0.05, ***p<0.01.
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