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run consequences of children on the labor market earnings of women and men (often 

referred to as child penalties). We measure long-run child penalties in IVF-treated families 

by comparing the earnings of successfully and unsuccessfully first-time treated women and 

men up to 25 years after the first IVF treatment. In the short run, we find a large penalty 

immediately after the birth of the first child. In the long run, however, we find that the 

child penalty fades out, disappears completely after 10 years, and even turns into a child 

premium after 15 years, offsetting the initial setbacks experienced when children are 

young. Our findings therefore challenge the widely held view that children are the primary 

drivers behind the long-run gender gap in earnings.
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Explaining why women earn persistently less than men continues to chal-
lenge social scientists. One explanation, shared by many economists, points
to children as primary cause (Goldin 2014, Bertrand 2020, Cortés and Pan
2023). It builds on the common observation that women, not men, take care
of children. In the short run, when children are young, women earn less than
otherwise similar men because they, as mothers, prioritize child care and work
fewer hours, quit their jobs, or change to lower paid jobs closer to home. In
the long run, when children get older and need less care, the same women
continue to earn less because they, as primary caretakers, lost relevant labor
market experience, missed out on earnings opportunities, or ended up in more
child-friendly but lower paid jobs with flatter earnings profiles.1

Testing whether children are the primary cause for persistent gender earn-
ings gaps has proved difficult, however. More specifically, almost all previous
research on child penalties - these are the impacts of parenthood on the earn-
ings of women and men - are more informative about short-run than long-run
penalties because of methodological limitations and data constraints.

There are broadly two approaches to identify child penalties. The com-
monly used event studies identify short- and long-run child penalties by com-
paring the earnings of mothers of the same age who timed their first births
either close or far apart (Kleven et al. 2019 2023, Cortés and Pan 2023). Be-
cause the identifying assumption of random timing of births is less plausible for
mothers who had their first births spaced far apart, event study designs are less
suited for the estimation of long-run child penalties (Goldin et al. 2022, Ben-
sness et al. 2023). The less commonly used instrumental variable (IV) studies
based on in vitro fertilization (IVF) treatments identify short- and long-run
penalties by effectively comparing the earnings of successfully and unsuccess-
fully first-time treated women either shortly or long after their first treatment
(Lundborg et al. 2017, Bensness et al. 2023, Räsänen 2023, Ilciukas 2024).
Because the administrative registers with IVF information became more re-
cently available, the estimation of child penalties is mostly limited to women
who were first treated about 5-10 years ago. Given that labor market careers
last approximately 30-45 years after the birth of the first child, it is fair to say
that we know little to nothing about long-run child penalties and their impact

1There is a large and related literature on family-friendly policies and gender earnings
gaps. These policies take the career costs of children as a mere fact and aim to lower the
child care burden through, among others, compensated parental leave arrangements and
subsidized child care programs (e.g., Lalive and Zweimüller 2009, Havnes and Mogstad
2011, Dahl et al. 2016).
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on long-run gender earnings gaps.
In this paper, we provide new evidence on the long-run child penalty by an-

alyzing data from Danish women who underwent IVF treatments. We take the
approach proposed by Lundborg et al. (2017) and compare the labor market
outcomes of successfully and unsuccessfully treated women (and their part-
ners) for up to 25 years following their first IVF treatment. Since observed
working histories of successfully and unsuccessfully treated women (and men)
are virtually identical before they enter their first IVF treatment, this com-
parison informs us how important children are in expaining gender earnings
gaps over a substantial share of the women’s and men’s career.

With administrative data from Denmark, our findings challenge the con-
ventional wisdom that children are the key drivers behind long-term gender
earnings gaps. We find a large child penalty shortly after the birth of the first
child. But we also find that this penalty fades out over time, with mothers
eventually catching up to their childless counterparts. The child penalty has
disappeared after 10 years, and even turns into a child premium after 15 years,
offsetting the initial setbacks experienced during the early stages of mother-
hood. Our findings thus suggest that children contribute little to nothing to
the persistent gender gap in earnings.

We continue our analysis by testing the validity of these absent penalties.
We first consider several threats that could mask child penalties in our IV-IVF
strategy (internal validity). In particular, we examine two possible violations
of the exclusion condition. First, women, after a first failed treatment, may
have children in later treatments. If child penalties are larger in the short run,
we would underestimate child penalties in the longer run. We show that the
impacts of delayed children are irrelevant in the long run. Second, women,
after a first failed treatment, may be more at risk to stay childless and develop
mental health problems. If these problems adversely affect their earnings, we
would again underestimate the child penalty. We argue that, in the long run,
most women have had enough time to settle their mental affairs. In addition,
we show that mental health problems (measured by antidepressant medication)
are empirically irrelevant (Lundborg et al 2017).

We next consider whether IVF-treated women are simply different women
facing smaller career costs of children (external validity). Given that these
women are, on average, richer, more educated, and older when they have
their first child, they may be better in combining care and work. We test
for this in two ways. First, we examine whether there are larger long-run
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child penalties for IVF-treated women who resemble the average representative
mother (being less affluent, less educated, and younger). We find no evidence
suggesting so. Second, we run an event study design on our sample of IVF-
treated women. If IVF-treated women face smaller child penalties than other
women, we should see this reflected in event study estimates. We do not;
the event study estimates we obtain are comparable to those obtained using
representative samples of Danish women.

And lastly, we contrast our IV-IVF estimates to those obtained using the
event study design. Unlike the absent penalties in our IV-IVF setup, we find
large and long-lasting child penalties in an event study design run on the sam-
ple of IVF-treated mothers. We consider several internal validity threats that
could amplify penalties in event study designs. In particular, we study two
possible violations of the parallel trend assumption. First, women who are
younger at their first birth may experience flatter pre-birth earnings trends.
We find no evidence of this. Second, women may time their fertility to peri-
ods when earnings profiles flatten, as argued by Bensnes et al. (2023). We
find some suggestive evidence that childless women indeed face much flatter
earnings profiles after their first treatment failed. Such flattening of earn-
ings profiles is not captured by the event study design, and may lead to child
penalties being too large.

In the end, we feel confident enough to conclude that children are not
responsible for the long-run gender gaps in earnings. The mechanisms behind
the persistent gender earnings gap should therefore be sought elsewhere.

I IVF Context and Data
In this section we outline some facts about IVF treatments in the Danish
context, shortly discuss the IVF register, and provide details about the IVF
sample we use in our main analysis.

A IVF treatment

IVF treatment is the leading medical intervention to help infertile couples
become pregnant and conceive children. The majority of treatments is given
to childless couples. With a practitioner’s referral, childless couples are entitled
to 3 free treatments. Without a practitioner’s referral, childless couples must
pay for their treatment. A typical IVF treatment package of 3 treatments goes
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for about 60.000 DKK. IVF treatments, which on their own are quite invasive,
can also be costly in physical and mental terms.2 Of all Danish children born
between 1995 and 2005, 2 to 3 percent are IVF children.

B IVF data

The Danish IVF register holds information on IVF treatments in all fertility
clinics and hospitals. The register had full coverage between 1994 and 2005.
It includes information on the reason for infertility, number of eggs retrieved
from the womb, number of fertilized eggs transferred back, treatment outcome
(birth, abortion, stillbirth, or failure), date of treatment, and where appli-
cable date of birth. The IVF register is matched to other registers to get
longitudinal information from 1991 to 2020 on education, age, gender, marital
status, number of children and various labor market variables (including an-
nual earnings). During our study period, the IVF register contains information
on 31,666 women receiving altogether 96,807 IVF treatments.

C IVF Sample

We conduct much of our analysis on the sample of childless couples in their first
IVF treatment who successfully reached the final stage of embryos implants.
This IVF sample consists of 18,547 treated women.3 Online Table 1 contains
descriptive statistics for some pre-treatment characteristics and post-treatment
outcomes, by treatment success at first IVF treatment. We find that, on most
dimensions, successfully treated women in the IVF sample are remarkably
similar to unsuccessfully treated women. Importantly, the education levels
and earnings of treated women and their partners are similar before they seek
IVF treatment.4

2Each IVF treatment involves four stages: fertility medication used to stimulate egg
development; egg collection; in vitro fertilization, where eggs and sperm are mixed in a
laboratory setting; and the in-utero transfer of one or more selected embryos. In our main
analysis, we focus on childless couples in their first treatment that reached the final stage
and had embryo implants.

3We arrive at a sample of 18,547 treated women through the following selection rules.
Of the initial 32,073 women treated between 1994 and 2005, we remove 2,908 in 1994 (to
secure first treatments), 4,660 with children (to measure the onset of motherhood), 5,255
who had no eggs inserted because of failed egg production or fertilization (to select women
who are as similar as can be), 260 with missing key controls (to test for balance), and 424
we could not match to the earnings register (to estimate child penalties).

4One dimension in which treated women significanty differ is age, where successfully
treated women are, on average, older. This is in line with medical evidence suggesting that
age is the single most important factor determining success in IVF treatments (Rosenwaks
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Online Table A1 also contains descriptive statistics of a 30 percent rep-
resentative sample of mothers who gave birth during the same time period
1995-2005. When we compare the treated women to those untreated women
in the representative sample, we find that the IVF treated women are older,
better educated, and more highly paid.

II IV-IVF stategy
In our empirical analyses we mostly focus on reduced-form regressions on the
effect of success at first IVF treatment on the labor market earnings of women.
The reduced form specification can be written as:

Yit = β1tXi + β2tZi + uit,(1)

where Y represents the earnings of woman i treated t years ago, X represents
a set of exogenous control variables including the woman’s age at first treat-
ment, year of treatment, and years of education, Z is the instrumental variable
(1 if the first IVF treatment with embryo implants has lead to a child, and 0
otherwise), and u represents the econometric error and contains unobservable
factors which, conditionally on X, are assumed unrelated to Z. The param-
eter of interest is the reduced-form parameter β2t, which captures the causal
effect of IVF treatment success on earnings t years after entering the first IVF
treatment.

In supplementary analyses, we also run the following first- and second-stage
regressions:

Fit = α1tXi + α2tZi + εit,(2)

Yit = γ1tXi + γ2tF̂it + νit,(3)

where Fit is a fertility indicator (1 if woman i has children t years after treat-
ment, and 0 otherwise), and ε and ν are the econometric errors, which contain
unobservable factors that can be related to fertility and earnings. As before,
the same unobservable factors are assumed unrelated to Z (conditionally on
X). In this setup, Z is the instrument for Fit, and separate IV regressions

et al. 1995, Templeton et al. 1996, van Loendersloot et al. 2014). While not observed in our
sample, another dimension in which treated women sometimes differ is education (Groes et
al. 2017). Our analyses accounts for this by including age and education controls. It is
important to note, though, that the penalties we estimate do not depend on whether we
run regressions with or without controls (see Online Appendix Figures A5 and A6).
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are run for each year after the first IVF treatment. The second-stage pa-
rameter γ2t (attached to the first-stage predicted fertility indicator) represents
the child penalty and captures the causal effect of having children on female
earnings t years after entering the first IVF treatment. The plausibility of the
identifying assumptions (related to instrument relevance, independence, and
exclusion) will be discussed in the sections below.

III Results
We first provide descriptive earnings patterns for successfully and unsuccess-
fully treated women and men, before and after their first IVF treatment. Fig-
ure 1 displays earnings from 6 years prior to first IVF treatment up to 25
years after. The solid lines show female earnings (the black line represents the
earnings of successfully treated women). The dotted lines show male earnings
(the long dots represent the earnings of men in successfully treated couples).
The sample is balanced until 15 years after the IVF treatment. The sample
becomes unbalanced thereafter.

The graph yields three insights. First, successfully and unsuccessfully
treated women follow remarkably similar earnings trajectories in the years
leading up to the first IVF treatment. Not only do their trends closely mirror
each other, they also display similar earnings in levels. Online Appendix Ta-
ble 1, which contains sample means and standard deviations for several pre-
treatment characteristics and post-treatment outcomes, confirms that both
groups have almost identical pre-treatment earnings. The close similarity be-
tween successfully and unsuccessfully treated women, up to their first treat-
ment, suggests that treatment success itself does not depend on the women’s
pre-treatment labor market skills and earnings. Shortly after their first treat-
ment, however, the earnings of successfully treated women drop substantially
when compared to their unsuccessfully treated counterparts. This is a first
sign of a substantial short-run child penalty. We see that within two years the
earnings of successfully treated women already start to recover and converge
towards the earnings of their unsuccessfully treated counterparts. By year 10,
successfully treated women earn as much as unsuccessfully treated women.
And by year 15, successfully treated women earn slighly more. This earnings
advantage persists throughout the remainder of the study period.

Second, the men in successfully treated couples display similar earnings
trends and levels as the men in unsuccessfully treated couples in the years

7



leading up to the first IVF treatment. As opposed to the fall in female earn-
ings, however, we see no dip in male earnings. Instead, both groups of men
continue to closely track each other’s earnings in the years following the first
IVF treatment as if nothing has happened. Towards the end of the study pe-
riod, the male earnings for both groups fall, which we attribute to the rising
share of retired men.

Third, gender differences in earnings (in IVF couples) are already present
before the first IVF treatment attempt. In the years leading up to the initial
IVF procedure, women earn approximately 20 percent less than their male
counterparts. This is in line with findings from numerous other studies, where
gender differences in fields of study, occupational choices, and labor supply
(measured in hours) can explain much of the gender differences in earnings
that manifest before parenthood (Cortés and Pan, 2023).

A Fertility effects

For our empirical analyses to make sense, it is important that IVF success
predicts long-run fertility. If all IVF-treated women end up having children,
we would not be able to estimate the long-run child penalty. Figure 2 (panel
A) shows that treatment success at the first IVF attempt strongly affects
fertility in the short, medium, and long run. In the short run, treatment
success exerts a strong and immediate impact on the likelihood of motherhood.
Since some women who fail at their first treatment continue with additional
treatments in the same year, where some women experience successful IVF
treatments, the coefficient is less than one. In subsequent years, the impact of
success at first IVF treatment on motherhood decreases in magnitude, as many
women undergo successful IVF treatments at later attempts. Nonetheless, the
long-run effect of IVF treatment success on motherhood remains positive and
significant, implying that childless women whose first IVF treatment did not
lead to pregnancy and childbirth are also more likely to remain childless in the
long run.

B Long-run child penalties

We next turn to the main questions of the paper. First, is there a child penalty
in long run? Second, is the child penalty one of the primary drivers behind
the persistent gender gap in earnings?
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For the first question, we run regressions using female and male annual
earnings as dependent variables and IVF success at first birth as primary in-
dependent variable, controlling for female and male years of education, age
at first treatment, and year of treatment, respectively. In these regressions,
the year before the (potential) birth of a child serves as the omitted category.
Figure 2 (panels B and C) plot the corresponding reduced-form regression
estimates of the effect of IVF success on female and male earnings for each
year, spanning from 6 years prior to the first IVF treatment to 25 years there-
after. We see that pre-treatment earnings trends are strikingly similar across
successfully and unsuccessfully treated women and men, confirming that IVF
success does not depend on women’s and men’s earnings before their first IVF
treatment. We also see that, after the first IVF treatment attempt, there is an
impact of IVF success on female earnings, not on male earnings, confirming
the common notion that women, not men, bear the costs of child care. The
effects are most apparant in the years shortly after the IVF treatment, when
successfully treated women experience a sharp decline in earnings. Two years
later, however, succesfully treated women already begin to recover; 10 years
later, succesfully treated women are fully recovered and earn as much as their
unsuccessfully treated counterparts; and from that point onwards, the success-
fully treated women earn as much as (if not more than) than unsuccessfully
treated women.5

Since the working life of the women in our sample spans another 30-35 years
after their first treatment, we have also calculated the child penalty from a life-
cycle perspective. The successfully treated women are, on average, 32 years
old at first treatment and thus have 33 working years left before they retire at
65. If we ignore discounting, assume a working life of 40 years (running from
25 to 65), and fix the unknown penalty in the 8 years before retirement at the
penalty we estimate 21-25 years after child birth (derived from the first-stage
and reduced-form estimates in Online Appendix Table 2, columns 1 and 2), we
find that the birth of the first child does not lower lifetime female earnings. If
anything, we calculate that motherhood leads to a small rise in lifetime female
earnings cycle of 2-3 percent. Based on these findings, we conclude that there
is no evidence of a sizable long-run child penalty.

For the second question, we run the same regression but switch the depen-
5These near zero long-run child penalties are also reflected in the other labor market

outcomes of IVF-treated women. Online Appendix Figure A1 shows no systematic long-
run differences between the labor force participation, hours worked, and hourly wages of
successfully and unsucessfully treated women.

9



dent variable to the within-couple gender gap in annual earnings and control
for years of education and age at first treatment of both women and men in
the IVF-treated couple. Figure 2 (panel D) plots the reduced-form estimates.
We see that children contribute little to nothing to the gender earnings gap
in the long-run. While within-couple earnings gap sharply grows shortly after
the first treatment, the same gender gap quickly reverts to its pre-treatment
level within 8 years following the first IVF treatment. We find similar patterns
when we consider the share of household income earned by women (see Online
Appendix Table A2). Based on these findings, we conclude that children have
little to do with long-run gender gaps in earnings.

C Robustness

The estimates plotted in Figure 2 are taken from unbalanced samples and
regression models that control for years of education, year of treatment and
age at first treatment. We obtain similar estimates for balanced samples, for
samples without twin births, for samples restricted to healthy women with less
fertile partners, and for regression specifications without and with a full set of
control variables (see Online Appendix Figures A2, A3, A4, A5 and A6).

IV Internal validity threats
Our findings, so far, suggest that there is no long-run child penalty. To make
sure that these absent penalties are real, we must ask ourselves whether there
are any internal validity threats that could possibly mask sizable child penalties
using our IV-IVF strategy. In particular, we consider two likely violations of
the exclusion condition (which dictates that success at first treatment impacts
earnings exclusively through its impact on fertility). For the analysis to follow,
we focus on the earnings of women as our main labor market outcome.

Delayed fertility. Women, after a first failed treatment, may have children
in later treatments. If penalties are larger in the shorter run, we would un-
derestimate the penalty in the longer run. To illustrate how children from
later treatments bias the penalty, we introduce a simplified three-period fer-
tility model with two groups of women who experience different short- and
long-run child penalties. The first group consists of compliers: these women
remain childless after a first failed IVF attempt. They earn Yc in the absence
of children. After a successful first treatment, they experience an earnings loss
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Cc in period 1 when children are young, and cc in periods 2 and 3 when chil-
dren are older. The complier share is set to βc. The second group consists of
always takers. These women will always end up having children regardless of
the treatment outcome at the first IVF attempt. They earn Ya in the absence
of children. After a first successful treatment (in either period 1 or 2), they
experience an earnings loss Ca when children are young, and ca when children
are older. The always-taker share is set to βa. We note that, by construction
of the instrument, our IVF population only consists of compliers and always
takers (βc + βa = 1). Within this simplified fertility model (without any other
covariates), we can derive the corresponding first-stage and reduced-form es-
timates for all three periods under the assumptions that treatment success at
first treatment is effectively random and only impacts earnings through its
impact on children.

Table 1 contains the theoretical first-stage and reduced-form effect esti-
mates. The first-stage estimate in period 1 equals 1. It represents all success-
fully first-time treated women, which consists of compliers and always takers
that had a child in period 1 (βc + βa). Given that children are costly, the
reduced-form effect estimate in period 1 represents the earnings losses among
the compliers and successfully treated always takers weighted by their popula-
tion shares (−βcCc−βaCa). The second-stage child penalty is the reduced-form
estimate divided by the first-stage estimate. In a related vein, the first-stage
estimate in period 2 only consists of compliers (βc), as all the always tak-
ers have had their children by now. The reduced-form estimate in period 2,
however, captures the causal effect of interest (−βccc) and some nuisance pa-
rameter (βa[Ca− ca]), which represents the delayed fertility impact among the
always takers with a failed treatment in period 1. Because child penalties are
assumed larger when children are young (Ca > ca), delayed fertility reduces the
average earnings of always takers and attenuates the estimated child penalty
in period 2. And lastly, in period 3, the first-stage and reduced-form effect
estimates no longer depend on always takers (because their earnings losses are
assumed similar in periods 2 and 3) and exclusively capture the complier share
(βc) and the long-run impact of treatment success at the first IVF attempt on
their earnings (−βccc). Together, these estimates uniquely identify the long-
run impact of children on the earnings of women who were treated successfully
at their first IVF attempt.

In sum, the child penalties we estimate represent a mixture of fertility and
delayed fertility effects on labor earnings. In our simple model, delayed fertility

11



will be a concern in period 2 (medium run) when it biases the child penalty
towards zero. In more general terms, the long-run impact of delayed fertility
will cause little concern when children age and child penalties get smaller, and
converge to some fixed amount.

Mental health problems. Women, after a first failed treatment, may be
disappointed. If disappointment and eventual childlessness, after a sequence
of failed treatments, triggers some emotional response that lowers earnings, the
child penalty not only captures the child-driven earnings loss of successfully
treated women but also the emotion-driven earnings loss of unsuccessfully
treated women. Since the penalty is effectively measured by the earnings
difference between successfully and unsuccessfully treated women, we would
again underestimate the child penalty.

We argue that such a bias will be small in the long run. First, the medical
evidence on the (long-run) impact of IVF treatments on female depression is
at best weak. With self-assessed depression scores, most survey studies find
that treated women adjust well to unsuccessful IVF treatments (Verhaak et al.
2007). With medical depression indicators (antidepressant medication, psychi-
atry visits, or hospitalizations for mental disorders), registered-based studies
find that depression rates are generally low among IVF treated women, yet
slightly higher among never successfully treated women (Agerbo et al. 2013,
Baldur-Feskov et al. 2013, Pedro et al. 2019, Yli-Kuha et al. 2010). Second,
we estimate in earlier work the impact on IVF treatment success on antide-
pressant medication (Lundborg et al. 2017). Based on the same IVF sample
we use in this study, we follow women up to 10 years after their first treat-
ment, and find that, 2 years later, the remaining effects of IVF success on
prescribed antidepressant medication are all small and statistically insignifi-
cant. And third, a simple calculation suggests that the bias introduced by
mental health problems can only be small. To do this, we take mental health
penalties from elsewhere and attribute earnings losses of 10, 20, and 40 percent
to those with mild, moderate, and severe mental health problems (Bartel and
Taubman 1986, Frank and Gertler 1991). If we assume, conservatively for us,
that 20, 10, and 5 percent of never successfully treated women experience some
mild, moderate, and severe form of depression, the long-run bias (calculated
by the average long-run earnings loss of unsuccessfully treated compliers) can
mask child penalties of at most 6 percent.

12



V External validity threats
The next question we ask is whether the absent long-run child penalties in
samples of IVF treated women are informative about the larger population
of representative mothers. There are many reasons why IVF treated women
may face lower career costs of children than other women: they earn more and
find it easier to outsource child care; they are more educated and, as more
informed decision makers, are better in combining care and work; they are
older and, with more realized careers, find it easier to deal with children; they
have fewer children and miss out on penalties of subsequent children; they
express a stronger demand for children and, as such, put less value on their
career; and so on.

To detect whether IVF treated women are indeed the type of women with
lower career costs of children, we perform two tests. First, we apply our IV-
IVF strategy and test whether there are larger long-run child penalties for
IVF-treated women who resemble the average representative mother (being
less affluent, less educated, and younger). And second, we run an event study
design on our sample of IVF treated mothers and test whether they face smaller
child penalties than the other, more representative, mothers.

Figure 3 plots all the different child penalty estimates for the different
samples and strategies. When we look at the IV-IVF child penalties for IVF-
treated women, which we take as our point of reference, we find as before
that the short-run child penalties quickly disappear when children age. When
we look at IV-IVF child penalties for those IVF-treated women similar to
the mothers in the representative sample, we find the same dissappearing
child penalties when children get older.6 We next turn to the event study
analysis run on our sample of IVF treated women. We depart here from our
IV-IVF design and instead compare the earnings of similarily aged women
who were all successfully treated and became mothers at difference points in
time. Our event study analysis controls for year, time, and age effects, as in
Cortés and Pan (2023). We restrict the analyses to a 10 year follow-up period,
since it makes little sense to assume random timing of births when spaced
more than 10 years apart. When we look at the event study estimates for

6The sample of IVF treated women are reweighted to match the sample of representative
mothers. The weights are the inverse propensity scores taken from a probit regression of
being a representative mother on the child’s birth year (which we calculate for unsuccess-
fully treated women by adding nine months after the day of embryo transfers), years of
schooling, pre-treatment earnings, and birth year. For common support reasons, we discard
121 observations with propensity scores below 0.01 and above 0.99.
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the IVF-treated mothers, we find an immediate decline in earnings following
childbirth. While there seems to be a slight recovery after two years, earnings
remain consistently lower throughout the observation period. We find that
10 years after childbirth, the penalty for IVF-treated mothers amounts to
approximately 20 percent. When we look at the event study estimates for
all other mothers, we see large and persistent penalties, as in Kleven et al.
(2019a). We also see that the long-run child penalties differ only a little from
those obtained for IVF-treated mothers. Altogether, we find little evidence
that, when it comes to the career costs of children, IVF-treated women are
very different than most other women.

VI Why do child penalties differ?
Figure 3 also highlights sharp differences in the long-run child penalities be-
tween the IV-IVF and event study designs; while the IV-IVF estimates show
a fading out of penalties, the event study estimates show large and persistent
penalties. Why is this? If we take the IV-IVF child penalties as real, there
must be some systematic bias in an event study design that amplifies child
penalties in the long run. In particular, we consider two likely violations of
the parallel trend assumption (which dictates that mothers who already had
their children would, in the absence of children, earn as much as other mothers
similar in age and birth cohort who did not had their children yet). For ease
of comparison, we focus on the penalty estimates obtained with IVF-treated
mothers (to ensure that the differences between IV-IVF and event-study esti-
mates are not driven by the differences in the population studied).

Different pre-trends. Mothers who are younger at their first birth may
experience flatter pre-birth earnings trends. If we subsequently base their
counterfactual earnings on the earnings of older mothers with steeper pre-
child earnings profiles, we would overestimate the child penalty. Figure 4
(panel A) plots the earnings trajectories of women by age at motherhood.
Here, we split the sample into 4 age groups; below 26, 26-30, 31-35, and 36+.
The steepest pre-birth earnings profile is found among mothers aged 26-30,
while the flattest one is found for women aged 36 and above. Since earnings
profiles are not flatter among younger mothers, we can rule out that different
pre-trends in earnings bias the child penalty estimates upwards.

Different trend breaks. Young and older mothers may time their fertility
when their earnings profiles start to flatten, as suggested by Bensnes et al.
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(2023). If we base the counterfactual earnings of young mothers on only the
pre-child earnings of older mothers, and ignore that their earnings profile would
flatten, we would again overestimate the child penalty. Figure 4 (panel B)
indeed suggests that women time their births when earnings profiles flatten
out. In there, we compare the earnings of women who succeed in their first IVF
treatment to those of women who fail their first IVF treatment and do not have
children yet (that is, women with a failed first treatment are only included up
to the point they have their child). Similar to findings from Norway (Bensnes
et al. 2023), we see that the latter group of women experience much flatter
earnings profiles, after their first treatment, in the absence of children. If this
flattening out of post-treatment earnings would also happen to successfully
treated women in the counterfactual without children, event studies would
overestimate child penalties in the long run.

It is important to note that, in an IV-IVF strategy, such flattening out is
taken into account. When we derive the penalty by comparing the earnings of
women who attempt to have children at the same point in time, there will be
no bias as long as those who succeed do so for random reasons (implying that
successfully and unsuccessfully treated women, in the absence of children, are
equally exposed to the same flattened earnings profiles). We conclude that
such flattening out seems a plausible reason why long-run estimates between
the two identication designs diverge.7

VII Concluding remarks
The child penalty has been singled out as one of the primary drivers behind
the gender gap in earnings. In this paper, we challenge this notion by esti-
mating the child penalty in the very long run. For this purpose, we rely on an
instrumental variable strategy based on IVF-induced fertility variation among
childless couples in Denmark to identify child penalties for up to 25 years after

7One possible concern is that the flattening out of post-treatment earnings, observed after
the first failed treatment among never successfully treated women, occurs because childless
women already earn less in anticipation of children. While the impact of anticipated children
would be captured by the event study estimates but missed by IV-IVF estimates, we argue
that anticipation effects on the long-run child penalties can only be small. In particular, the
impact of anticipated children must be unrealistically large (and much larger that the impact
of realized children) to explain both the large penalties in event study designs (representing
a mixture of anticipated and realized effects of having children on earnings) and the zero
penalties and/or premiums in IV-IVF strategies (representing the realized effect of having
children on earnings).
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the birth of the first child. With this IV-IVF strategy, we find that the first
child impacts the earnings of women, not men. While the child penalties are
sizable shortly after birth, the same penalty fades out, disappears completely
after 10 years, and turns into a child premium after 15 years. When we evalu-
ate the child penalty from a life-cycle perspective, we even find that the birth
of the first child leads to a small rise in the lifetime earnings of women. On
the whole, we find no evidence that children can explain why women earn
persistently less than men.

Our findings are in sharp contrast with the sizable long-run child penalties
found in event studies. To explain the differences, we argue that event study
designs are less suited to estimate long-run child penalties particularly when
women time their fertility when their earnings start to flatten out. To explain
why sizable short-run child penalties quickly fade out, we argue that children
primarily affect their mother’s earnings during the years mothers take care of
their children. As children grow older and demand less care, we see that the
mother’s earnings start to recover, with much of the immediate penalties made
up 10 years after the birth of the first child.
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Tables and Figures

Figure 1: Annual earnings before and after first IVF treatment
15

0
20

0
25

0
30

0
35

0
40

0
Fe

m
al

e 
an

d 
m

al
e 

ea
rn

in
gs

 (1
00

0s
 D

KK
)

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (years)

IVF Success (females)

IVF Non-success (females)

IVF Success (males)

IVF Non-Success (males)

Notes:The figure plots the annual earnings of women and ther partners (at the
time of treatment) in successfully and unsuccessfully treated couples from 6
years prior to their first IVF treatment up to 25 years after.
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Figure 2: IVF treatment effects on fertility, earnings, and gender gaps
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Notes: The figures plot the year-by-year estimated impacts of IVF treatment
success on fertility (first stage), female earnings, male earnings, and the within-
couple earnings gap (reduced form), after controlling for year of treatment, fe-
male age at first treatment, and female years of education (in Panels A and B),
for year of treatment, male age at first treatment, and male years of education
(in Panel C), and for year of treatment, female and male age at first treatment,
and female and male years of education (in Panel D); the estimation sample
contains IVF-treated couples who had their first IVF treatment between 1995
and 2005; the year of (potential) childbirth is set at 0; the estmated impact in
year −1 are normalized to 0. Online Appendix Table 2 (columns 1, 2, 3, and
4) presents corresponding IVF treatment effect estimates based on outcome
averages taken over 0-1, 2-5, 6-10,11-15, 16-20, and 21-25 years.
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Figure 3: Event study and IVF estimates
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Notes: The figure plots all the different child penalty estimates for the dif-
ferent samples and strategies: (i) IV-IVF child penalties for all IVF-treated
women (solid line); (ii) IV-IVF child penalties for those IVF-treated women
who resemble the average representative mother (dashed dotted line); (iii)
event-study child penalties for IVF-treated mothers (dotted line); and (iv)
event-study child penalties for all mothers (dashed line).
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Figure 4: Earnings among unsuccessfully IVF treated women without children

-6
0

-3
0

0
30

An
nu

al
 e

ar
ni

ng
s 

(1
00

0s
 D

KK
)

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10
Time (years)

Age<26

Age 26-30

Age 31-35

Age 36+

Panel A: Female earnings by age at childbirth

17
5

22
5

27
5

32
5

An
nu

al
 e

ar
ni

ng
s 

(1
00

0s
 D

KK
)

-6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24
Time (years)

IVF Success

IVF Non-success

Panel B: Female earnings by success (no children among unsuccessfully treated)

Notes: Panel A plots the earnings trajectories of IVF treated women by age
at motherhood: below 26, 26-30, 31-35, 36 and older. The annual earnings for
all four age groups are normalized to 0 the year before child birth. Panel B
plots the earnings trajectories of women with children after a succesfull first
IVF treatment (solid line) and women with a failed first treatment and do not
have children yet (dashed line). The latter sample includes all women with a
failed first treatment up to the point they have a child.
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Table 1:
Theoretical First-Stage and Reduced-Form Effects in 3 Period Fertility Model.

First-Stage Effect Reduced-Form Effect

Estimates E(Ft|Z=1)− E(Ft|Z=0) E(Yt|Z=1)− E(Yt|Z=0)

Period 1 βc + βa ( = 1) −βcCc − βaCa

Period 2 βc −βccc + βa[Ca − ca]
Period 3 βc −βccc

Notes: This three-period fertility model considers two groups of women who
experience different short- and long-run child penalties. The first group con-
sists of compliers: these women remain childless after a first failed IVF at-
tempt. They earn Yc in the absence of children. After the successful first
treatment, represented by indicator Z, they experience an earnings loss Cc in
period 1 when children are young, and cc in periods 2 and 3 when children are
older. The complier share among IVF treated women is set to βc. The second
group of women consists of always takers. These women will always end up
having children regardless of the treatment outcome at the first IVF attempt.
They earn Ya in the absence of children. After a successful treatment (in either
period 1 or 2), they experience an earnings loss Ca when children are young,
and ca when children are older. The share of always takers who experience a
successful first treatment is set to βa.
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Appendices for Online Publication

Table A1: Descriptive Statistics of Selected Variables.

(1) (2) (3) (4) (5)
Pre-treatment: Non-success Success Repr. sample (2)-(1) (2)-(3)
Age 1st treatment 31.966 30.906 27.832 -1.061∗∗∗ 3.074∗∗∗

(4.450) (3.878) (4.178) (0.069) (0.057)
Year 1st treatment 2000.150 2000.293 2000.368 0.143∗∗∗ -0.075∗

(3.121) (3.070) (3.491) (0.050) (0.048)
Annual earnings 244.389 243.583 204.277 -0.806 39.306∗∗∗

(143.428) (131.772) (129.544) (2.269) (9.93)
Schooling 12.812 12.845 12.481 0.033 0.364∗∗∗

(2.362) (2.295) (2.277) (0.038) (0.031)
Partner earningsa 323.729 318.071 . -5.658 .

(210.542) (191.286) . (3.397) .
Partner schoolinga 12.642 12.645 . 0.003 .

(2.384) (2.321) . (0.040) .
Positive earnings 0.908 0.922 . 0.014∗∗∗ .

(0.290) (0.269) . (0.005) .

Post-treatment:
Annual earnings 258.455 244.618 158.345 -13.837 86.274∗∗∗

(147.351) (133.174) (100.285) (0.232) (1.395)
Partner annual earningsa 370.652 367.493 . -3.158 .

(270.022) (229.904) . (0.428) .
Within couple difference -115.117 -125.619 . 10.502 .
in annual earningsa (275.536) (238.133) . (0.438) .

Observations 13,176 5,370 244,435

Note: The table shows descriptive statistics for three samples: (1) women having an un-
successful first IVF treatment, (2) women having a successful first IVF treatment, (3) and
a representative sample of Danish women who had their first child born during the study
period. Columns (1) to (3) show means with standard deviations in parentheses. Column
(4) shows the difference in means between columns 2 and 1 and column (5) shows the corre-
sponding difference between columns 2 and 3. Annual earnings are reported in 1000 DKK
and in 2008 Danish Kroner (DKK 100 corresponds to USD 20 as of August 2008). The pre-
and post-treatment labor market outcomes represent averages taken over 2 years before and
10 years after treatment, respectively. aPartners are the partners at first treatment/birth.
*p < 0.10, **p < 0.05, ***p < 0.01.
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Figure A1: Other female labor outcomes
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Notes: Main results for IVF-treated women revolve around annual earnings.
With alternative female labour outcomes (including labor force participation,
hours worked, and hourly wages), we plot the year-by-year estimated impacts
of IVF treatment success on labor force particiaption (panel A), hours worked
(panel B), and hourly wages (panel C), after controlling for year of treatment,
female age at first treatment, and female years of education. We refer to the
note under Figure 2 for further details. The near zero long-run treatment
impact on earnings is also reflected in the other labor market outcomes.
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Figure A2: Balanced samples

0
.2

.4
.6

.8
1

-6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24
Time (years)

PANEL A: Fertility

-6
0

-3
0

0
30

-6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24
Time (years)

PANEL B: Female earnings

-6
0

-3
0

0
30

-6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24
Time (years)

PANEL C: Male earnings

-6
0

-3
0

0
30

60

-6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24
Time (years)

PANEL D: Within-couple earnings difference

Parameter estimate

Lower 95% confidence limit

Upper 95% confidence limit

Notes: Main results are obtained with an unbalanced sample. By focusing on
all first-treated women in 1995 and 1996, we can construct a balanced sample
and follow the same women up to 25 years. Based on this balanced sample, we
plot the year-by-year estimated impacts of IVF treatment success on fertility
(panel A), female earnings (panel B), male earnings (panel C), and the within-
couple earnings gap (panel D). We refer to the note under Figure 2 for further
details. We conclude that our results using a balanced sample do not really
change.
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Figure A3: Excluding twins
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Notes: Main results are based on a sample with all births including all IVF-
induced twin births. One concern is that mothers may respond very different to
twin births (which are common to IVF treatments) than to singleton births.
Based on a sample without twin births, we plot the year-by-year estimated
impacts of IVF treatment success on fertility (panel A), female earnings (panel
B), male earnings (panel C), and the within-couple earnings gap (panel D).
We refer to the note under Figure 2 for further details. We conclude that our
results do not change when we discard twin births from the sample.
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Figure A4: Women whose partners have the infertility problem
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Notes: Main results are based on a sample with all IVF-treated women. One
concern is that fertility-related health disparities of IVF-treated women may
depress their annual earnings. By restricting the sample to IVF-treated women
whose fertility problem is on their husband’s side, we can estimate child penal-
ties on a sample of healthier women. Based on a sample of healtier women,
we plot the year-by-year estimated impacts of IVF treatment success on fer-
tility (panel A), female earnings (panel B), male earnings (panel C), and the
within-couple earnings gap (panel D). We refer to the note under Figure 2 for
further details. We conclude that our results do not change when estimated
on a sample of healthier women.
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Figure A5: Without any controls
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Notes: Main results are based on specifications with varying sets of control
variables. With specifications without any control variables, we plot the year-
by-year estimated impacts of IVF treatment success on fertility (panel A),
female earnings (panel B), male earnings (panel C), and the within-couple
earnings gap (panel D). We refer to the note under Figure 2 for further details.
Results do not depend on the set of control variables we use.
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Figure A6: With all controls
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Notes: Main results are based on specifications with varying sets of control
variables. With the same specifications for all outcomes (controlling for year of
treatment, female and male age at first treatment, and female and male years
of education), we plot the year-by-year estimated impacts of IVF treatment
success on fertility (panel A), female earnings (panel B), male earnings (panel
C), and the within-couple earnings gap (panel D). We refer to the note under
Figure 2 for further details. Results do not depend on the set of control
variables we use.
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