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Abstract
This paper introduces a new IV strategy based on IVF induced fertility vari-
ation in childless families to estimate the causal effect of having children on
female labor supply using IVF treated women in Denmark. Because observed
chances of IVF success do not depend on labor market histories, IVF treatment
success provides a plausible instrument for childbearing. Our IV estimates in-
dicate that fertility effects are: (a) negative, large and long lasting; (b) much
stronger at the extensive margin than at the intensive margin; and (c) similar
for mothers, not treated with IVF, which suggests that IVF findings have a
wider generalizability.

In this paper we examine how children affect their mothers’ labor supply. In par-
ticular, we focus on the extensive fertility margin and estimate the labor supply
response to having children among women who have no children (yet). To identify
fertility effects at the extensive margin, we propose a novel instrumental variables
strategy based on in vitro fertilization (IVF), in which we treat IVF treatment suc-
cess at the first IVF treatment as a natural experiment. Since observed working
histories of successfully and unsuccessfully treated women are virtually identical
before they seek IVF treatment, we believe that IVF treatment success creates ex-
ogenous variation in the likelihood to have children among childless women and can
be used to estimate the causal effect of having any children on female labor supply.

The IVF strategy further provides useful insights into the intensive fertility mar-
gin. First, we can estimate the labor supply response to having additional children
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among IVF treated women who already have children and compare the effects of fer-
tility on labor supply on both intensive and extensive margins. Second, we can use
the larger fraction of twin births among IVF births and apply the more commonly
used IV strategy based on having twins at first birth on a sample of IVF treated
women; that is, we compare the labor supply response of IVF treated women having
twins with those having singletons. Examples of the twin strategy to estimate the
labor supply consequences of having children include Mark Rosenzweig and Ken-
neth Wolpin (1980), Stephen Bronars and Jeff Grogger (1994), Jaisri Gangadharan
et al. (1996) and Joshua Angrist and William Evans (1998). By comparing the
twin estimates with those obtained on a more representative population sample, we
also offer a potentially valuable way to examine the wider generalizability of IVF
findings.

The data we use are a combination of multiple administrative registers in Den-
mark. IVF information comes from the IVF registers which cover information on
all fertility treatments (with fertility outcomes) taking place in public and private
fertility clinics in Denmark between the years 1994 and 2005. Labor market infor-
mation comes from the Danish tax registers which hold records on annual earnings
(including parental leave and sickness benefits), hourly earnings and worker absen-
teeism for a 20 year period running from 1991 to 2011. At Statistics Denmark these
registers are matched and complemented with standard demographic variables, such
as education, age, gender, marital status and total number of children.

The main finding is that IVF treated women earn persistently less because of
children. In particular, we find that (a) labor supply responses to having any
children are negative, large and long lasting; (b) labor supply responses are much
stronger at the extensive fertility margin than at the intensive fertility margin; and
(c) labor supply responses to having twins (as opposed to having singletons) are
similar for IVF mothers and other mothers. We therefore believe that the IVF
findings we present in this paper are of general interest.

The remainder of the paper proceeds as follows. Section I provides the back-
ground and motivation behind this study. Section II discusses IVF treatments and
IVF data used in estimation. Section III introduces our empirical strategy. Section
IV lists the identifying assumptions and presents some evidence concerning their
validity. Section V reports our main set of results. Section VI explores whether the
estimated fertility effects hold up against alternative interpretations. Section VII
concludes.

I Literature background
Much empirical work on the labor market consequences of childbearing has shown,
for years, that women with children fare generally worse than women without chil-
dren: they work fewer hours, earn lower salaries, have less prestigious jobs, and are
less likely to work for pay (Martin Browning 1992; Jane Waldfogel 1998; Roland
Fryer and Bruce Sacerdote 2008). When asked about how children affect their moth-
ers’ labor supply, however, economists often struggle to give causal answers. This
is because most studies cannot separate causation from adverse selection. Adverse
selection occurs when women who chose to have children have weaker labor force
attachment or lower earnings potential than those who chose to remain childless
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and may give rise to a spurious interpretation of the observed associations between
fertility and labor supply: women with children work and earn less, regardless of
having children.

In order to separate causation from adverse selection, empirical economists have
turned to natural experiments and looked for variables that induce variation in
the number of children for reasons unrelated to labor market outcomes. Two such
variables, which are arguably unrelated to the preferences and abilities of parents,
are often used to estimate the effect of children on female labor supply: twins at first
birth and sex composition of the first two children (in combination with parental
preferences for mixed sex siblings). Those empirical studies that treat the arrival of
twins as a natural experiment typically find that mothers with twins work less than
mothers with singletons when twins are young, but the same mothers work as much
if not somewhat more when their twins get older (Rosenzweig and Wolpin 1980;
Bronars and Grogger 1994; and Gangadharan et al. 1996). Also those empirical
studies that treat sex composition of the first two children as a natural experiment
find that mothers of same sex children work less than mothers of mixed sex children
because of third born children. The same mothers, however, seem to catch up
in the longer run (Angrist and Evans 1998; Maria Iacovou 2001; Guillermo Cruces
and Sebastian Galiani 2007; Eric Maurin and Julie Moshion 2009; Lalaina Hirvonen
2009; Nikolay Angelov and Arizo Karimi 2012). On the whole, these studies suggest
that mothers work less because of childbearing, but that the observed fertility effects
are relatively small and mostly short-lived.

Although the twin and same sex experiments provide valuable and credible effect
estimates, their informational value is limited to fertility effects at the intensive
margin. The reason is that these experiments create exogenous variation in the
number of children, but only among women that already have children; that is,
twins at first birth raise the likelihood of going from one to two or more children,
whereas same sex children raise the likelihood of going from two to three or more
children. The question we therefore ask is how fertility affects labor supply at
the extensive margin, where childless women decide to have children or not. Or, in
other words, what are the labor market consequences of (involuntary) childlessness?
The answer to this question is -we think- important for two reasons. First, labor
supply responses measured at the extensive fertility margin are of general interest
because they capture the fertility margin to which all mothers are (or have ever
been) exposed to. Second, fertility effects are possibly larger when estimated at the
extensive fertility margin because simple theories on household production, child
quality and economies of scale predict they do.1

Unfortunately, we know very little about the labor market consequences of child-
lessness. Empirical evidence is scarce and mixed. In recent years, there have been
a few attempts to analyze the relationship between fertility at the extensive margin
and female labor supply (Jorge Agüero and Mindy Marks 2008 2011; Julian Cristia
2008). These studies employ instrumental variable strategies to account for endoge-
nous fertility, but use different instrumental variables. Agüero and Marks (2011),
for example, treat self-assessed infertility as a natural experiment and compare fer-
tility rates and labor supply responses between infertile and fertile women aged 20

1This view is further shaped by personal experiences. The authors are all parents of two
children; they all experienced that their first born child had a much bigger impact on their economic
lives than their second born child.
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to 44 in 26 developing countries. While the authors observe that self-assessed infer-
tility indeed corresponds to fewer children, their main finding is that fertile women
work as much as infertile women, regardless the fertility margin.2 Cristia (2008)
focuses on childless women seeking help to achieve pregnancy in the United States.
In his context, fertility treatments include simple and inexpensive procedures such
as medical advise and fertility tests, but exclude in vitro fertilization treatments,
which plays a key role in our study. With treatment success taken as a natural
experiment, he then compares childbearing and labor supply decisions of childless
women who sought help to achieve pregnancy 21 months earlier. His main finding
is that women with babies work significantly less than those without.3

We believe there is scope for more empirical work on having children and labor
supply. The current literature on the extensive fertility margin is in its infancy with
many unresolved but promising issues. In this paper, it is our motivation to explore
some of these unresolved issues; that is, we apply a novel instrumental variable
strategy using a very large sample of IVF treated families to measure short and
long run labor market consequences of children for women at both extensive and
intensive fertility margins.

II IVF register, treatment and sample
We use administrative register data on all IVF treatments performed in public
and private fertility clinics and hospitals in Denmark. In particular, our data set
contains information on all women residing in Denmark who received at least one
IVF treatment somewhere between 1994 and 2005. To show how IVF data can help
us to estimate the causal effect of fertility on labor supply, we start this section by
providing more details on the IVF register, IVF treatment, IVF instrument and the
primary IVF sample we use in estimation.

A IVF register
The IVF register, held by the Danish National Board of Health, collects informa-
tion on all IVF treatments taking place in public and private fertility clinics and
hospitals. Between the years 1994 and 2005, reporting to the IVF register has been
mandatory and completeness of IVF registrations is close to a 100 percent. The IVF
register holds records on the reason for infertility, mode of treatment, the number
of eggs retrieved from the womb, the number of fertilized eggs transferred back,
outcomes of treatment (birth, abortion, stillbirth, or not pregnant), date of treat-
ment and date of birth when birth took place. The IVF register has been merged to
other administrative registers to get longitudinal information running from 1991 to
2011 on standard demographic and labor market variables, such as education, age,

2Agüero and Marks (2008) apply the same instrumental variable strategy based on self-assessed
infertility, but on a sample of 6 developing countries in Latin America. They find no impact of
motherhood on labor supply, measured as work for pay in the week prior to the survey.

3Daniel Aaronson, Fabian Lange, Bhashkar Mazumder (2014) describe an interesting multigen-
erational experiment on fertility decisions along extensive and intensive margins. A large school
construction program starting in the early 1920s directly affected the family lives of two genera-
tions of women. Women who faced improved schooling opportunities for their children were more
likely to become mother but of fewer children. The children who experienced improved school
outcomes were less likely to become mother, but those who did were mothers of fewer children.
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gender, marital status, number of children, labor market attachment, the number
of hours worked, and annual earnings. The IVF register contains information on
31,767 women receiving all together 96,807 IVF treatments.4

B IVF treatment
While IVF treatment is the leading medical intervention to help infertile women to
get pregnant and conceive children, it is often the last in a line of fertility inter-
ventions. Women with fertility problems typically visit their general practitioner
for medical advise and fertility testing. After a year of having frequent and unpro-
tected sex without getting pregnant, these women are medically diagnosed infertile
and can then be referred to a fertility clinic or hospital if they are below the age
limit of 40. General practitioners are also responsible for referrals. With a referral,
women are entitled to have three IVF treatments on the Danish National Health
Care System. Without a referral, women have to pay themselves.5

Once referred to a fertility clinic or hospital, women undergo the IVF treatment
in four consecutive stages. The first stage involves the intake of fertility medication
to stimulate ovaries in the development of eggs. In a normal menstrual cycle,
ovaries typically make and release one egg. In a menstrual cycle under medicated
stimulation, ovaries make and release several eggs. The second stage involves the
collection of these eggs. The third stage involves the actual in vitro fertilization,
where eggs and sperm meet under laboratory conditions appropriate for fertilization
and early embryo growth. The fourth and final stage involves the selection of the
most promising embryos. The selected embryos are transferred back into the womb.
IVF treatments often fail with much uncertainty at each stage of the treatment:
fertility medication does not work, there are no eggs to retrieve, there are no suitable
embryos to transfer, or the transferred embryos simply stop growing. The average
success rate of treatment is about 22 percent.

Because success rates are quite low, most women undergo multiple treatments
to achieve success. But not all. After each unsuccessful treatment, there are women
who decide to end treatment. Moreover, the more treatments women undergo, the
higher the share of women who decide to end treatment.6 With IVF treatments
being costly in social, psychological as well as financial terms, these rising shares
suggest that the process of IVF treatments is selective and that women who decide to
continue treatment are probably women with more resources or a stronger demand
for children.

C IVF instrument
In order to exploit the IVF process to arrive at the causal link running from fertility
to work effort, we need some exogenous shock in the fertility treatment. We know

4Of the original 32,073 women in the IVF register, we have removed 306 women for whom labor
market information is not available at the year of IVF treatment.

5Women are also allowed to approach a private clinic instead of waiting for a referral from the
general practitioner. This option requires full payment but offers flexibility in terms of timing of
treatment, number of treatments, and treatments with weaker, if any, age restrictions.

6According to the IVF register, we observe that about 6 percent of all women stop treatment
after a failed first IVF treatment; about 12 percent stop after a failed second IVF treatment; about
24 percent stop after a failed third IVF treatment; and about 30 percent stop after a failed fourth
IVF treatment.
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that most women undergo multiple IVF treatments to achieve success. With the
number of IVF treatments being endogenous, however, it does not make much sense
to treat the success rate in a sequence of IVF treatments as exogenous. Instead,
we argue that success in the first IVF treatment may generate exogenous varia-
tion in fertility at the extensive margin. In particular, we consider the first IVF
treatment where women have successfully reached the fourth stage and got embryo
implantation. For some women, the embryos develop and IVF treatment will lead
to pregnancy and children. For other women, the embryos stop growing and IVF
treatment will fail. If the development of implanted embryos in the womb is to
a large extent exogenously determined, exogenous treatment success more or less
guarantees that after the first full IVF treatment all women are still very similar,
except that for some women the IVF treatment has lead to children. In our empiri-
cal setup, we will check this claim and test whether chances of success are somehow
related to the pre-treatment labor supply characteristics we observe in our data.

D IVF sample
From the IVF register, we draw our primary sample of childless women in their
first IVF treatment with embryo implants. To do so, we construct three variables
for sample selection: treatment order, which is derived from the date of treatment;
childlessness, which is derived from the number of children observed the year before
first IVF treatment; and positive embryo implants, which is taken from the number
of fertilized eggs transferred back into the womb.

At the outset, we were concerned about measurement error in treatment order.
Measurement error may arise because the IVF register does not contain informa-
tion on IVF treatments prior to 1994, which is the year the IVF register started.
If some women underwent IVF treatment in both 1993 and 1994, for example, we
would wrongfully classify the IVF treatment in 1994 as the first one. Measurement
error may further complicate estimation because multiple treated women are pos-
sibly different from firstly treated women in ways related to preference for children
or financial resources. Since few women skip a full year between two subsequent
treatments, we start counting IVF treatments for those women who began their
first treatment in 1995 or later. This should eliminate, or at least reduce, any
measurement error and the bias it may entail.

Of all the original 31,767 women who were treated at least once somewhere
between 1994 and 2005, we remove women who were treated in 1994, women who
enter the first IVF treatment with children, and women without suitable embryos
at the first IVF treatment. This leaves us with an IVF sample of 18,538 treated
women.

Table 1 provides sample means and standard deviations for some of the outcome
variables (post-treatment outcomes) we study below and for some of the control
variables (pre-treatment characteristics) we use to measure the extent to which
successfully and unsuccessfully treated women (and partners) are comparable. The
same table also provides sample means and standard deviations for a 30 percent
representative sample of women born around the same time as IVF treated women
for comparison purposes. The sample consists of 105,922 women who had their first
child somewhere between 1995 and 2005, and thus share their demand for children
with the women in our IVF sample.
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Two observations follow from this table. First, the women in our IVF sample
are older, better educated, and more highly paid than the women in the representa-
tive sample. These differences, which are statistically significant, suggest that IVF
treated women are on average women with a stronger earnings potential than other
women with children. Second, although the successfully treated women in the IVF
sample are almost a year younger than the unsuccessfully treated women, they are
remarkably similar on almost all pre-treatment labor market characteristics. For
example, they attain the same level of education and have exactly the same annual
earnings before they seek IVF treatment. After the first treatment, however, the
same women turn out to be different; that is, successfully treated women have more
children, work fewer hours, earn lower salaries, and are less likely to work for pay.
While these fertility and labor patterns hint at a causal relationship between child-
bearing and work effort, we need a more sophisticated analysis to appropriately
identify the impact of fertility on labor supply.

III IV methodology using IVF treatments
To identify fertility effects at the extensive margin, we make use of a standard IV
strategy in which success at the first IVF treatment among childless women with
embryo implants serves as our main instrumental variable; that is, we estimate a
linear relationship between labor supply and fertility of woman i who were first
treated t years earlier using a two-stage least squares model where the first stage is

Fit = αtXi + βtZi + υit,(1)

and the second stage is

Yit = γtXi + δtFit + uit.(2)

In these two equations, Y is a measure of female labor supply, X is a set of exogenous
control variables including women’s age at first treatment, year of treatment, years
of education and pre-treatment labor supply, F is the endogenous fertility indicator,
which equals 1 if a woman has children and 0 otherwise, Z is the instrumental
variable, which equals 1 if the first IVF treatment with embryo implants (in a
sequence of IVF treatments) has lead to a childbirth and 0 otherwise, and u and υ
are the econometric errors, which may contain unobservable factors that are either
related to fertility, work effort or both. The parameter of interest is δt, which
measures the effect of fertility on labor supply measured at the extensive fertility
margin t years after the first IVF treatment.

There can be some uncertainty about what the treatment year actually is be-
cause of the time it takes for an IVF treatment to be successful. Since our focus is
on changes in fertility, we define the treatment year as the year of (potential) child
birth after a successful (failed) first treatment and estimate these two equations for
the ten subsequent years following the first treatment year. In our IVF sample,
the median duration of gestation takes nine months for first successful treatments.
We therefore calculate the year of potential child birth by adding nine months to
the day of embryo transfers and assume that women with a failed treatment would
have given birth nine months after the first treatment had their IVF treatment with
embryo implants been successful.
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IV Is the IVF instrument a valid instrument?
For this IV methodology to work, the IVF instrument must satisfy three conditions,
being (a) treatment success is correlated with fertility at the extensive margin (first
stage relevance); (b) treatment success is uncorrelated with the econometric error
u (second stage independence); and (c) treatment success has no impact on labor
supply other than through its first stage impact on fertility (second stage exclu-
sion). Here, we provide graphical evidence in support of instrument relevance and
independence. In Section VI, we turn to the exclusion condition and derive some
implicit tests to argue its plausibility.

A First stage relevance
Does IVF treatment success at first IVF treatment with embryo implants generate
meaningful variation in fertility, measured at the extensive margin? Given that IVF
treatment is the leading medical intervention to help infertile women to get pregnant
and conceive children, the answer is likely affirmative. Figure 1 provides graphical
evidence demonstrating that success is indeed strongly correlated with fertility. In
there, we visualize the first stage specification (without control variables) and plot
for all successfully treated women in our IVF sample the likelihood to have children
for six years preceding the year of giving birth, the year these women have their first
child (which we refer to as year zero), and for the ten years following childbirth. In
the same figure, we also plot the likelihood to have children for all unsuccessfully
treated IVF women before and after year zero, which is the year of potential child
birth as defined above. Since we construct our IVF sample to consists of childless
women up to IVF treatment entry, we do not see any fertility differences between
the two groups of women. In year zero fertility patterns begin to diverge. For
successfully treated IVF women we see, almost by definition, that fertility jumps
sharply from zero in the year of childbirth. For unsuccessfully treated women we also
see that average fertility increases following the year of potential childbirth, despite
a first unsuccessful first treatment. This is because most women continue treatment
and may be successfully treated in subsequent IVF treatments (or succeed without
fertility treatment). In the long run the overall success rate is about 77 percent
among women whose first treatment failed. The differences in fertility between
women whose first IVF treatment was successful or not, which represents the first
stage effect of the IVF instrument on fertility, is always positive, suggesting that
our IVF instrument has predictive power; that is, childless women whose first IVF
treatment with embryo implants did not lead to pregnancy and childbirth are also
more likely to remain childless in the long run. In the results section we will report
estimates of the impact of treatment success on fertility measured at the extensive
margin.

B Second stage independence
Are IVF treatment success and pre-treatment labor supply truly independent?
While we think it is plausible to assume that IVF treatment success at the first
treatment with embryo implants contains random elements, the extent to which
treatment success is randomly determined is still an unresolved issue. The concern
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we have is that women whose first IVF treatment lead to a pregnancy and childbirth
may have an inherently weaker labor force attachment or lower earnings potential,
producing a spurious result that IVF women with children work and earn less. In
addition to the observed similarity in pre-treatment labor market outcomes for the
two groups of women, which is already suggestive of exogenous treatment success,
we provide two extra partial checks. Both checks assert that under treatment suc-
cess independence we should not see any differences in pre-treatment labor market
characteristics.

The first check graphically plots the reduced form specification (without control
variables) and shows average labor earnings profiles of women who were either
successfully or not successfully treated before and after the first treatment. Figure
2 depicts the annual earnings, for all the IVF treated women in our sample, for
six years preceding the year of (potential) childbirth, for the year of (potential)
childbirth, and for ten years following (potential) childbirth. Before (potential)
childbirth, we see that the average earnings profiles before treatment run virtually
identical for the two groups of women. At the time of childbirth, however, we
see that successfully treated women experience an immediate and large decline in
annual earnings, which we attribute to having children, and not to something else.
After (potential) childbirth, we see that differences in earnings between successfully
and unsuccessfully treated women are the largest during the first two years, start to
decline thereafter but are still there when the first born children are about ten years
old. The persistent fall in earnings observed among successfully treated women,
accompanied with the persistent higher chance of having any children, is consistent
with the view that women work persistently less because of childbearing.

The second check regresses treatment success at the first IVF treatment with em-
bryo implant on a set of pre-treatment labor market outcomes, including measures
of average labor earnings, labor market participation, full time work and worker
sickness absenteeism. We also include year-of-treatment and age-at-first-treatment
fixed effects. Age at first treatment should account for the widely held medical no-
tion that age is considered the single most important factor in assisted reproduction
(Zev Rosenwaks, Owen Davis and Mark Damario 1995; Laura van Loendersloot et
al. 2010). Table 2 reports these estimates. In column (1) we find that the estimates
attached to the labor market outcomes are all very small and far from statistical
significant. Also the F statistics, reported at the bottom of Table 2, indicate that
the pre-treatment labor market outcomes together do not predict treatment suc-
cess. In column (2) we find that these estimates do not change when we add several
medical characteristics typical to the IVF treatment, including measures on medical
indication, type of treatment, number of eggs collected, number of embryo implants,
and type of clinic.7

In all, our initial concern that women with a successful first IVF treatment may
be inherently different from women with a failed first IVF treatment in ways related
to the labor supply decisions they make seems to be misplaced. Our results rather
suggest that treatment success at first IVF treatment with embryo implants is as
good as randomly assigned.

7We should note that the dummy variables for the women’s age at first treatment are jointly
statistically significant. The corresponding F statistics are much larger than those reported for the
pre-treatment labor market and indicate that age-at-treatment is a predictive factor in treatment
success.
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V Main results
We now turn to our main regression results, based on the empirical specification
described above. Table 3 contains first stage, reduced form, and instrumental vari-
ables estimates for women who underwent their first IVF treatment somewhere
between 1995 and 2005 and who had no previous children. In these regressions, we
take annual labor earnings as our main outcome measure of labor supply, fertility
measured at the extensive margin as our endogenous variable, success at first IVF
treatment as our instrument and IVF treatment year, the age of the mother at the
first treatment, education and pre-treatment earnings as control variables.

The first stage estimates, which we report in panel A, mirror the pattern sketched
in Figure 1, where variation in success at first IVF treatment led to a long lasting
difference in the chance of having children. The estimates reveal that these fertility
differences are statistically significant. At the bottom row of panel A, we learn that
success at first IVF treatment is a strong instrument for fertility measured at the
extensive margin, with F statistics far beyond the typical rules of thumb values.
Recall that these first stage estimates are interpreted as the effect of a successful
first IVF treatment on the likelihood that having children or not, evaluated t years
after the first treatment, where year zero (t=0) denotes the (potential) birth of
a child. In the year of (potential) child birth, for instance, our estimate suggests
that a successful first IVF treatment raises the probability of having a child with
81 percentage points. We do not find a 100 percentage increase because most
women after a first failed treatment continue treatment the same year, of which
some are successful. In subsequent years our fertility estimates fall, but stabilize
from the seventh year onwards; that is, the long run likelihood of having children
among those women that ever undergo IVF treatment converges to 23 percentage
points, meaning that the majority of women who were unsuccessful at the first IVF
treatment attempt manage to have children as time passes by.

The reduced form estimates, which we report in panel B, measure the direct
effect of a successful first IVF treatment on annual labor earnings 0-10 years after
the (potential) birth of the child. Annual labor earnings are reported in Danish
Kroner (DKK 100 corresponds to USD 17 as of September 2014). The first thing to
note is that all estimates are negative and statistically significant in both the short,
medium, and long run. In the short run, we find that the estimated effects are
the largest the year of (potential) childbirth and the year thereafter, where annual
earnings fall with about DKK 43,000 to DKK 53,000. In the longer run, these
negative fertility effects are still there, albeit smaller. Ten years after the (potential)
birth of a child, we find that the effect of a successful first IVF treatment reduces
earnings by DKK 10,000. When interpreting these estimates, it is important to keep
in mind that the reduced form effect of DKK 10,000 is driven by those 23 percent
IVF women with children. To arrive at the causal impact of having children or not,
we need to scale up our reduced form effects by the corresponding first stage effects.
This is what we do next.

The instrumental variables estimates, which we report in panel C, indicate that
the labor supply response is greatest in the short run, where our estimates imply
that having children reduces annual earnings with DKK 51,000 to DKK 98,000
during the two first years. The larger effect observed the year after the birth of the
child can be explained in two ways. First, mothers have been working for a larger
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or lesser part during the year of child birth, depending on the timing of birth. In
addition, almost all mothers take up maternity leave and receive their full salary,
with a cap, during the first 6 months of maternity leave. Second, most mothers
take up maternity leave for an extended period at a lower compensation rate. This
means that for some mothers, the full impact of maternity leave take up materializes
the year following childbirth. As we move further ahead in time, the IV estimates
decline in magnitude, but remain statistically significant. Three years after the
(potential) childbirth, having children reduces annual earnings by DKK 44,000 and
6 years after by DKK 36,000. Even 10 years after the (potential) childbirth, we
find that earnings are DKK 47,000 lower because of children. Since average pre-
treatment earnings amount to about DKK 230,000, these effect estimates suggest
that women earn roughly 15 to 20 percent less because of children. These estimates
indicate that the long run labor market consequences of childbearing, measured at
the extensive margin, are substantial.

A Other female labor market outcomes
Female annual labor earnings, which is our main labor supply outcome, depends
on the number of hours women work in a year as well as the hourly wage rate. To
further explore where the observed fall in annual labor earnings comes from, we
analyze the impact of having children on female labor force participation, working
full-time, wage rates and job changes.8 Table 4 contains IV estimates for these
alternative labor market outcomes. In panel A we report the IV estimates for annual
labor earnings for ease of comparison. In panels B to F we report IV estimates for
the labor outcomes labor force participation, full-time work, hourly wages and a job
change indicator. In this table we run similar IV regressions, except that we replace
outcome and pre-treatment controls for the alternative labor market measure under
study.

We first consider the number of hours women work. If the fall in annual earnings
is driven by women working less, we should find that women with children are
more likely to either stop working or replace full-time for part-time work. In panel
B we show the labor market participation response to having children. In the
shorter run, we find that labor force participation rates are significantly lower due
to childbearing. These fertility effects are most notable during the first two years
of motherhood, when participation rates fall with 6 to 7 percent points. In the
longer run, however, we find that labor force participation rates are not affected
by having children. The longer run fertility effects we estimate are all statistically
insignificant and very close to zero. In Panel C we show whether women work fewer
hours and replace full-time for part-time work because of children. These labor
supply effects do not differ in any material way from those reported in panel B,
with women working fewer hours when children are young. It seems that women
tend to stay at home or work fewer hours when first born children are young, but

8Danish registers hold records on annual earnings, full-time employment status, monthly hours
worked and hourly wages. Hourly wages are computed by dividing annual earnings by annual hours
worked, which is an aggregate of monthly hours worked. Because monthly hours are recorded for
one month a year for workers who earn more than 10,000 DKK (measured in 2008 DKK), we do not
observe the alternative labor market outcomes for all workers. This implies that regression results
for working full-time, hourly earnings and log hourly earnings are obtained on smaller samples. In
addition, there is uncertainty about the accuracy of the hourly wage measure of part-time workers.
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return to the labor market when children turn three or four and then continue to
participate as much and work as many hours as women without children. As such,
these results cannot explain the large medium and long run impacts of children on
earnings we observed above.

We next consider the wage rate. If the fall in annual earnings is not driven by
women working less, it must mean that women get lower hourly wages, at least in
the longer run. The results for hourly wages, reported in panels D and E, confirm
this. We find little effect on the wage rate during the first two years following the
(potential) birth of the child, but significant, negative, and large effects in the long
run. To put these numbers into context, we report the estimates for log hourly
earnings and find that hourly wages fall with 9 to 16 percent in the medium and
long run.

We can speculate about possible explanations. Because of children, women may
have less work experience, lag behind in wage negotiations, get fewer promotions, or
choose to work in more family friendly but lower paid jobs. To get some insights on
the latter explanation, we check whether differences in hourly earnings may come
from women changing occupations. Our data allow us to classify occupations into
one-digit occupational groups. If the occupation in year t differs from the occupation
held the year before treatment, we can infer that this is a new occupation. When we
estimate the impact of having children on the likelihood of changing occupations,
which we report in panel F, we do not find much.

B Extensive versus intensive fertility margins
One objective of this paper is to distinguish extensive from intensive fertility mar-
gins. In particular, we want to know whether the effect of children on their parents’
labor supply is larger at the extensive margin than at the intensive margin, just as
simple theories predict.

In light of this, IVF treatments prove (again) helpful in generating natural ex-
periments with independent variation in fertility, measured at the intensive margin.
First, we can apply our IV strategy using success at the first IVF treatment as in-
strument on a sample of IVF treated women who already have children when they
start their treatment. The instrument IVF treatment success generates variation
in fertility, similar to the variation we use for childless women, except that it raises
the likelihood of going from one to two or more children for mothers who enter
treatment with one child, and going from two to three or more children for mothers
who enter treatment with two children. We should note that the vast majority of
these mothers are no longer eligible for free treatments and pay themselves. Sec-
ond, we can exploit the larger fraction of twin births among IVF births (about 23
percent of all successful treatments result in twins) and apply the more commonly
used IV strategy using twins at first birth as instrument on a sample of successfully
treated women who received at least two embryo implants. In this case, we zoom
in on women whose IVF treatment resulted in at least one child, assume that a
successful development of one, two or more implanted embryos is to a large degree
exogenously determined, and use having twins as instrument to raise the likelihood
of going from one to two (or more) children.

Table 5 contains IV estimates of fertility effects on labor supply, measured at
both extensive and intensive margin. In panels A and B we report IV fertility
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estimates at the extensive margin, similar to those in Tables 3 and 4, for two
different samples: a sample of childless women entering their first IVF treatment
(which is our baseline sample) and a sample of childless women entering their fourth
IVF treatment.9 In comparison to women in our baseline sample, women at the
fourth IVF attempt must pay for their treatment and thus, on average, express
a stronger demand for children. As expected, we find that the fertility estimates
for women at the fourth IVF attempt are mostly larger than the corresponding
fertility estimates for women at the first IVF attempt. These estimates provide
further evidence that the short, medium and long run labor market consequences
of childbearing, measured at the extensive margin, are substantial.

In the next two panels we report IV fertility estimates at the intensive margin.
In panel C we show fertility estimates that come from IV estimation using the first
IVF treatment as instrument on a sample IVF treated women with children. In
comparison to the previous two samples, these women share either treatment order
(panel A) or willingness to pay (panel B). In the short run, we find substantial
and significant labor supply responses, albeit somewhat smaller in size than the
labor responses observed at the extensive margin. In the medium run, however,
we find that the fertility estimates get much smaller and, in most cases, lose their
statistical significance. In the long run, we find that some of the estimates even
turn positive, although being less precisely estimated. In panel D we show the
same fertility estimates but use twins at first birth as instrument on a sample IVF
treated women with twins and singletons. In the short, medium and long run, we
find relatively weak labor supply responses to changes in family size. We find sig-
nificant estimates in the two years following twin birth, but those are much smaller
in size than the ones we obtained at both extensive and intensive margins reported
in previous columns. This is because most mothers take up full maternity leave
after childbearing, regardless of giving birth to twins. In the medium and long
run, we find that fertility estimates are small, insignificant and a bit jumpy, being
sometimes positive and sometimes negative. These medium and long run estimates
are comparable to those reported in the previous panel, but also to those reported
elsewhere in the literature which exploit fertility variation due to twinning and sib-
ling sex composition. These estimates indicate that the labor market consequences
of childbearing, measured at the intensive margin, are relatively small and mostly
short lived. Taken together, these results provide clear evidence that fertility effects
are much stronger at the extensive margin than at the intensive margin.

9Similar to the fertility variation at the first IVF attempt, we can also exploit fertility variation
at the fourth IVF attempt. Conditional on treatment failure at the first three treatment, those
women entering the fourth treatment are again very similar, apart that for some women the
fourth treatment was successful. In this case, we can again apply instrumental variable estimation
using the fourth IVF treatment as instrument to estimate fertility effects at the extensive margin
for childless women entering the fourth treatment. This allows us to test whether the effect of
childlessness is comparable across different populations of IVF treated women (panels A and B).
In addition, we should note that most of these women pay for the IVF treatment themselves, as
the Danish healthcare system provides three free treatments to infertile childless couples. This
further allows us to compare fertility effects along extensive and intensive margins among IVF
treated women who share their willingness to pay for treatment (panels B and C).
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C External validity
It is quite clear that women who decide to enter IVF treatment are different from
a larger population of representative women; they are better educated, work more,
earn higher salaries, show an explicit demand for children, and are older when they
have children. If these observable differences also mean that their labor supply
responses to having children are different, it is natural to ask what we can learn
from a sample of IVF treated women.

One way to investigate this is to compare labor earnings responses to first born
children (extensive fertility margin) of women in our IVF sample to those of women
in a more representative sample drawn from the full population of women who
had their first born child around the same time as IVF treated women had their
first IVF attempt. Figure 3 present graphs for average labor earnings for these
two groups of mothers, six years preceding the year of childbirth, for the year of
childbirth, and for ten years following childbirth. One can see that before and
after childbirth labor earnings of IVF treated women are consistently higher than
those of the representative sample. Nevertheless, the labor earnings follow roughly
the same pattern before and after childbirth, which is suggestive that any inherent
differences between these two groups of mothers are probably not the leading cause
of any differences in how their labor supply responds to first born children.10

Another way of examining the wider generalizability of IVF fertility findings
is to expose IVF treated women and other women, not treated with IVF, to the
same natural experiment and compare their labor supply responses. The natural
experiment we have in mind is the twin experiment, which generates fertility vari-
ation at the intensive margin. We conjecture that with comparable labor supply
responses, IVF results are generalizable. In Table 5, panels D and E, we report
fertility estimates based on the twin experiment for two samples: a sample of suc-
cessfully treated IVF women and a sample of representative women. We find that
the fertility estimates are remarkably similar, particularly in the shorter run. For
instance, one additional child the year following birth leads to a fall in earnings
of DKK 25,000 for IVF treated mothers and of DKK 23,000 for non-treated IVF
mothers. In the year after, the fall in earnings equals to DKK 16,000 and DKK
19,000, respectively. We also find that fertility estimates are statistically similar in
the longer run, but we readily confess that the labor supply differences are rather
imprecisely estimated.

In sum, we find that IVF treated women and other women, not treated with
IVF, respond in similar ways to both endogenous fertility shocks, measured at the
extensive margin, and exogenous fertility shocks, measured at the intensive margin.
If observed similarity in labor supply responses is informative about unobserved

10As an additional check, we ignore that fertility is endogenous and run naive OLS regressions
of annual labor earnings on having children, age and year fixed effects and years of education using
the two samples of women. Results are reported in Appendix C. If any inherent differences between
the women between women with and without IVF would lead to different labor supply responses to
childbearing, we expect to find different associations between annual labor earnings and fertility,
measured at the extensive margin. This is not what we observe. The fertility estimates in the IVF
treated sample of women, which are all negative and statistically significant in the short, medium,
and long run, do not differ much from those found in the sample of representative women. Also
the time series patterns of the fertility estimates are roughly the same. We therefore believe that
unobserved differences between women with and without IVF are an unlikely reason for differences
in labor supply response.
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similarity in labor supply responses to exogenous fertility shocks, measured at the
extensive margin, our IVF findings generalize to a larger population of representa-
tive women.

VI Alternative interpretations
Our IVF estimates suggest that the effect of having children on labor supply is
negative, substantial and long lasting. Some uncertainty about the causal inter-
pretation, however, may arise if the exclusion restriction fails and IVF treatment
success affects labor supply in some other way than through the increased likelihood
of having children. Of particular concern is that we may wrongfully attribute the
observed fall in earnings to having children. To provide some evidence on the va-
lidity of the exclusion restriction, we introduce three incriminating mechanisms in
which childbearing is not the main reason why women work less after childbearing
and test for their presence in our data.

A Divorce
The first mechanism is a divorce mechanism. Women who divorce (or anticipate
divorce) generally work longer hours (see, for example, Kelly Bedard and Olivier
Deschenes 2005; Betsey Stevenson and Justin Wolfers 2007; and Olivier Bargain et
al. 2012). If a failed treatment stirs up marital instability, we may find that un-
successfully treated women work (and earn) more than successfully treated women
because of higher divorce risks and not because of reduced fertility. Figure 4, in
which we plot marriage rates for all (un)successfully treated women at first treat-
ment for six years preceding and ten years following (potential) childbirth, does not
show such a divorce pattern. Women who seek IVF treatment face similar divorce
risks, regardless of treatment success.11

B Opportunity costs of working
The second mechanism is an opportunity cost mechanism. After an unsuccessful
treatment, women may reassess their labor market situation, experience reduced
opportunity cost of working, and decide to work longer hours, apply for promotions
and more lucrative jobs (or women are disappointed and decide to work more as a
coping strategy). To see whether this is an issue, we zoom in on childless women
who decide to end IVF treatment after a failed first IVF treatment. Because these
women express a weaker demand for children than those who decide to continue IVF
treatment, they arguably form an opportunity cost sensitive control group for which
opportunity cost driven labor responses should materialize more clearly through
accelerated earnings growth after the first failed treatment. Figure 5, in which

11While the production of children is widely recognized as the most important source of marital
gains (Gary Becker 1981, Yoram Weiss 1997), the effect of children on marital stability has proved
very difficult to estimate for well-known selection reasons. In an accompanying paper, we apply
a comparable IVF strategy to analyze how children affect marital stability in much more detail
(Petter Lundborg, Erik Plug and Astrid Würz Rasmussen 2015). In there, we find that children
do not improve long run marital stability and conclude that children do not contribute much to
long run marital specific capital.
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we examine the earnings profiles of women without children who ended treatment
after a failed first IVF treatment, goes against women working more after a failed
treatment. Instead, we find that these women tend to work somewhat less, shortly
after the first failed treatment. Perhaps IVF treatments carry some health risks
that not only restrict the short run labor supply but also make some women decide
to terminate treatment. While this is a concern, it will give us conservative fertility
estimates that are still informative about the impact children have on their mothers’
labor supply.12

C Delayed fertility
The third mechanism is a fertility delay mechanism. Most IVF treated women end
up having children despite a first failed IVF attempt. In comparison to women with
children after the first IVF treatment, those women who are successful in subsequent
IVF treatments must wait a year or longer to have children. We call this delayed
fertility, with possible implications for the long run labor supply estimates using
IVF treatment success at first treatment as instrument. If fertility effects on labor
supply are larger when children are younger, our concern is that the long run labor
market consequences of having children we observe in our data may come from short
run labor market consequences of women with delayed success in second or higher
IVF treatments. To deal with this issue, we explore differences in shares between
women who decide to end treatment after a failed first and fourth treatment (6
percent versus 30 percent). If long run fertility effects are driven by short run
fertility effects of women who delayed fertility, we should see that the larger share
of women who terminate treatment after a fourth consecutive failure lead to weaker
long run fertility effects among childless women entering the fourth treatment. This
is not the case. In panels A and B of Table 5 we find that long run fertility effects
for women at the fourth IVF attempt are mostly larger, not smaller, than the
corresponding fertility estimates for women at the first IVF attempt.

A related concern, one that it shares with most other fertility studies in this
field, is that delayed fertility may have a direct influence on female labor supply. If
so, the exclusion assumption would again not hold. To provide some basic insights
on the role of delayed fertility in IV fertility estimates based on IVF treatments,
we present a simplified version of the fertility model we described earlier. Suppose
there are two groups of women a and b with different demands for children (or
different command over resources) among the childless women who enter their first
IVF treatment. Women from group a exert a weaker demand of children; these
are women who would remain childless after a first failed IVF attempt. Women
from group b exert a stronger demand of children; these are women who would end

12In Appendix D we address this health concern in more detail. In there, we present results of
three additional regressions that are (somehow) informative about unhealthy women, treatment
failure, and poor labor market performance: (i) we reestimate our baseline IV regression adding
rich medical information (possibly reflecting health problems) gathered at the time of treatment,
including the number of eggs collected and transferred, diagnoses, causes of infertility, type of IVF
treatment, and clinic indicators; (ii) we reestimate our baseline IV regression on a subsample of
(arguably) healthy women, i.e. where the fertility problem is on the partner’s side; and (iii) we
reestimate our reduced form regression using the intake of antidepressants as outcome variable.
In both IV regressions, fertility results remain the same and stay significant. In the reduced form
regression, we find no relationship between a failed treatment and depression. We all take this as
evidence that health risks (possibly induced by IVF treatments) are not our biggest concern.
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up having children anyway, despite a first failed IVF attempt.13 If βt and 1 − βt
represent the shares of women from group a and b, we know that fertility differences
between successfully and unsuccessfully treated women t years after first treatment
can be written as a weighted sum of the fertility differences in group a and b

E(Ft|Z=1)− E(Ft|Z=0) =

βt(E(Ft|Za=1)− E(Ft|Za=0)) + (1− βt)(E(Ft|Zb=1)− E(Ft|Zb=0)),

which is the first stage effect in a simplified fertility model without covariates. If
women in group b with a failed first IVF attempt have had their children, the
first stage effect equals βt. This follows by construction: after an unsuccessful
IVF treatment women in group a remain childless t years after first treatment
(E(Ft|Za=1)−E(Ft|Za=0) = 1), whereas all the women in group b end up having
children (E(Ft|Zb = 1) − E(Ft|Zb = 0) = 0). In a similar spirit, we can write the
labor supply differences between successfully and unsuccessfully treated women as
a weighted sum of the labor supply differences in group a and b; that is,

E(Yt|Z=1)− E(Yt|Z=0) =

βt(E(Yt|Za=1)− E(Yt|Za=0)) + (1− βt)(E(Yt|Zb=1)− E(Yt|Zb=0)).

The IV estimate of δ in this simplified setup equals

δIVt = E(Yt|Za=1)− E(Yt|Za=0)︸ ︷︷ ︸
δat

+1− βt
βt

E(Yt|Zb=1)− E(Yt|Zb=0)︸ ︷︷ ︸
δbt

(3)

where the first part measures the effect of fertility on labor supply at the extensive
margin among women with a weaker demand for children δat, and the second part
measures the effect of delayed fertility on labor supply among women with a stronger
demand for children δbt. The fertility effect we estimate is therefore a mixture of
fertility and timing on labor supply, which depends on signs and magnitudes of
known and unknown parameters βt, δat and δbt. Distinguishing between fertility
effects δat and timing effects δbt is important.

Equation (3) is a linear equation with two unknown parameters from which we
can back out the average values for δat and δbt. Because we have yearly measures of
δIVt and βt covering a ten year period, we can simply regress δIVt on (1− βt) /βt and
interpret the estimates of intercept and slope parameters as average values of δa and
δb, respectively. If we do this, we find point estimates for δa and δb of -64.214 [4.24]
and 10.546 [1.84], respectively (with t-values between brackets). The combination
of a much larger fertility effect with a barely significant but positive timing effect
seems to suggest that the high IV estimates we find are primarily driven by fertility
and not by delayed fertility.14

13In the context of IV estimation, these two groups represent the compliers and always takers
(Imbens and Angrist 1994). Although the long run fertility at the extensive margin of always
takers is not affected by the instrument, always takers do contribute to the IV estimate because
of possible labor market consequences of delayed fertility.

14Previous studies on delayed fertility in which age at menarche and miscarriage are used to
generate exogenous variation in the timing of birth often find that delayed fertility has a positive
but modest effect on the labor market outcomes of mostly young mothers (Arnaud Chevalier and
Tarja Viitanen 2003; Joseph Hotz, Susan Williams McElroy and Seth Sanders 2005; Amalia Miller
2011). Our positive but barely significant estimates of delayed fertility on annual labor earnings
of mostly older mothers appear similar.
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It is obvious that none of these findings suggest that childbearing is the only
causal channel through which treatment success affects female labor supply. Nonethe-
less, all these findings are supportive of the widely held view that labor market
consequences of childbearing are substantial and long lasting.

VII Concluding remarks
This paper evaluates how fertility choices made at extensive and intensive margins
affect labor supply of women. To do so, we introduce a novel IV strategy based on
IVF induced fertility variation using the census of IVF treated women in Denmark.
Because observed chances of IVF success do not depend on the labor market his-
tories of women before they enter the IVF treatment, success at first IVF attempt
provides a plausible instrument for childbearing among women without children, as
well as women with children.

Our findings help us to answer some of the questions we have posed earlier. First,
do women earn less because of first born children (the extensive margin)? They
clearly do. The fertility effects we estimate at the extensive margin are negative,
large and long lasting. When children are young, we find lower annual earnings
because women who would otherwise work decide to work fewer hours, or stop
working for pay altogether. When children get older, however, we find lower annual
earnings because women receive lower hourly earnings. Second, do women earn less
because of second born (or later born) children (the intensive margin)? The answer
is yes and no. In the short run, the fertility effects we estimate at the intensive
margin are negative, albeit more modest in size. In the long run, these negative
fertility effects fade out and disappear. Together, our findings leave little doubt
that fertility effects are much stronger at the extensive margin than at the intensive
margin.

While our findings confirm the widely held view that labor market consequences
of childbearing are substantial and long lasting, it is important to remember that
we are studying the impact of children on labor supply of IVF treated women in
Denmark, where parents have access to generous maternity leave, job protection
and child care arrangements. In particular, questions arise about the wider gener-
alizability of IVF findings. First, are the labor supply responses we find for IVF
treated women generalizable to other women? They probably are. We find that
IVF treated women respond to exogenous fertility shocks at the intensive margin
in similar ways as other women do. Second, how do women respond to children
in countries that have more restrictive maternity leave arrangements? With our
data at hand, an answer is not readily available. But we can speculate about pos-
sible answers. On the one hand, we may find smaller fertility effects if women who
would otherwise take more time away from work take up less maternity leave. On
the other hand, we may find larger fertility effects if women who would otherwise
return to their employer at the end of the maternity leave period leave the labor
market altogether. We view this as one of the exciting empirical questions for future
research.
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Figure 1: Fertility at the extensive margin before and after the first IVF treatment.
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Note: The figure plots the probability of having a child by IVF treatment success.
Sample consists of childless women entering their first IVF treatment 1995-2005.
See text for details. Year zero denotes the year of the (potential) child birth.
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Figure 2: Annual earnings before and after the (potential) birth of a child.
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Note: The figure plots mean annual labor income in Danish krones (DKK) by IVF
treatment success. Sample consist of childless women entering their first IVF treat-
ment 1995-2005. See text for details. Year zero denotes the year of the (potential)
child birth.
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Figure 3: Annual earnings before and after the birth of a first child. IVF sample
and representative sample.
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Note: The figure plots mean annual labor income in Danish krones (DKK) before
and after the birth of the first child for (1) childless women entering their first IVF
treatment between 1995-2005 and (2) a representative sample of women who had
their first birth between 1995-2005. Year zero denotes the birth of the first child.
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Figure 4: Marriage rates before and after the (potential) birth of a child.
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Note: Marriage rates before and after the (potential) birth of a child. The figure
plots marriage rates by IVF treatment success. Sample consist of childless women
entering their first IVF treatment 1995-2005. See text for details. Year zero denotes
the year of the (potential) child birth.
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Figure 5: Annual earnings before and after the (potential) birth of a child. Sample
of women who quit after an unsuccesful first IVF treatment.
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Table 1: Descriptive statistics.

(1) (2) (3)
Non-success Success Representative sample

Age at first treatment 32.49 31.41 28.30
(4.445) (3.886) (4.282)

Year at first treatment 2000.1 2000.3 2001.3
(3.121) (3.069) (4.008)

Pre-treatment labor income in 1000s DKK (years 1-3) 231.5 229.2 184.7
(132.4) (121.8) (121.8)

Pre-treatment years of schooling 12.82 12.84 12.56
(2.359) (2.294) (2.320)

Pre-treatment incidence of sickness benefits 0.170 0.169 0.143
(0.376) (0.375) (0.350)

Married year before treatment 0.521 0.523 0.308
(0.500) (0.500) (0.462)

Pre-treatment labour market participation 0.909 0.922 0.902
(0.288) (0.268) (0.297)

Pre-treatment full time employment 0.862 0.874 0.780
(0.345) (0.332) (0.414)

Post-treatment labor income in 1000s DKK (years 0-3) 241.8 211.5 181.1
(145.0) (128.6) (127.3)

Post-treatment labor market participation (years 0-3) 0.888 0.864 0.826
(0.267) (0.282) (0.306)

Post-treatment full time employment (years 0-3) 0.841 0.815 0.731
(0.299) (0.305) (0.362)

Observations 13169 5369 105922

Note: The table shows descriptive statistics for three samples: (1) sample of childless women
entering their first IVF treatment and failing the attempt, (2) corresponding sample of women
succeeding in their first IVF attempt, (3) representative sample of Danish women who had their
first child during the study period.
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Table 2: Pre-treatment characteristics and treatment success.

(1) (2)
Variables Success Success
Pre-treatment years of schooling 0.001 0.002

(0.002) (0.002)
Pre-treatment labor income in 1000s DKK (years 1-3) -0.000 -0.000

(0.000) (0.000)
Incidence of sickness benefits year before treatment) -0.010 -0.013

(0.009) (0.009)
Married year before treatment 0.002 0.003

(0.007) (0.007)
Pre-treatment labor market participation 0.016 0.010

(0.016) (0.016)
Pre-treatment full time employment 0.021 0.011

(0.014) (0.014)

Medical controls !

F-test age-at-treatment 69.25 11.60
F-test pre-treatment labor market characteristics 1.518 1.494
R-squared 0.019 0.049
Observations 18538 18538

Notes: The table shows regressions on the probability of success at first IVF treatment. Column 1
controls for age at first treatment. Column 2 controls age at first treatment and for the following
medical factors: the number of eggs collected, the number of embryo implants, type of IVF treat-
ment, medical indications for infertility, and clinic indicators. F-test statistics are test statistics
for joint significance of age-at-tretament and labor market variables, respectively. Standard errors
are in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Appendices for Online Publication
Appendix A: Summary statistics for different samples
In this paper we use five different samples in estimation: (i) sample of IVF treated
women without children (baseline sample); (ii) sample of IVF treated women with
children; (iii) sample of IVF treated women without children entering fourth treat-
ment; (iv) sample of successfully treated IVF women (with at least two implants
for the twin strategy); and (v) sample or representative women. Table A provides
sample means and standard deviations for some of the variables we use, together
with sample sizes.

Appendix B: Balancing results
As our main findings, we report estimates of labor supply responses by year on
unbalanced samples that vary by year. The unbalanced panel structure, which
arises because information on long run labor market outcomes is not available for
women who recently entered IVF treatment, may cause sample selection bias in our
labor response estimates. In Table B we reestimate our main fertility and labor
supply models on balanced samples that are fixed on groups of four consecutive
treatment years. Our estimates are remarkably similar across the different but
balanced samples, which indicate that the main estimates in Tables 3, 4 and 5 are
not sensitive to our use of unbalanced samples.

Appendix C: OLS results
We also ran standard OLS regressions of annual labor earnings on having children,
years of education and age using the two samples of women. One sample contains
all IVF treated women. The other sample contains a 30 percent random sample of
all other women who had their first child around the same time IVF treated women
had their first IVF attempt. Table C reports these results. The fertility estimates in
the IVF treated sample of women, which are all negative and statistically significant
in the short, medium, and long run, do not differ much from those found in the
sample of representative women. Because long run labor market outcomes is not
available for women who recently gave birth, samples sizes are falling over the
years. While these least squares estimates already indicate that having children
reduces annual labor earnings, the instrumental variable estimates using success at
first IVF attempt as instrument are much larger and indicate that labor market
consequences of first born children are underestimated when endogeneity of having
children is ignored.

Appendix D: IVF related health risks
One concern in interpreting our results is that unsuccessfully treated IVF women
are less healthy and, because of that, work fewer hours and receive lower salaries.
We consider two possible scenarios. One is that IVF treatments are selective; that
is, treatment success is less likely among women with unfavorable (and unobserv-
able) health endowments. Another is that IVF treatments carry heterogeneous
(mental) health risks; that is, treatment induces larger (mental) health risks among
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unsuccessfully treated women. Under both scenarios, we would underestimate the
true fertilty effects because unsuccessfully treated IVF women face health risks that
hinder their labor market performance.

To address these health concerns in more detail, we present results of three ad-
ditional regressions that are (somehow) informative about unhealthy women, treat-
ment failure, and poor labor market performance. Table D reports these estimates.
In panel A we run our main instrumental variable regression, this time with addi-
tional controls for the number of eggs collected and transferred, diagnoses, causes of
infertility, type of IVF treatment, and clinic indicators. Some of these variables will
reflect potential health risks at the time of treatment. If the clinic was able to only
collect a small number of eggs from a woman, this may reveal something about a
woman’s egg-producing potential and therefore reproductive health. Our estimates
do not change much when we use this extensive set of controls. An alternative way of
addressing the concern that failed IVF treatments are correlated with poor health,
and thereby also to poor labor market performance, is to exploit the information
on the type of infertility problem. In 40 percent of the couples, we observe that the
source of the fertility problem lies in the male partner, for instance resulting from
low sperm count or low sperm quality. In panel B we run our main instrumental
variable regression on a restricted sample of women who do not experience any
observed infertility problem themselves, but where the infertility problem is on the
partner’s side. Using this subsample, we are much less worried that women with
poor (reproductive) characteristics drive the results. Again, we find that moving
to a restricted sample of a priori healthy women has little consequence for our esti-
mates; if anything, the estimates are somewhat larger in magnitude but less precise,
due to the smaller sample size. In panel C we consider IVF related (mental) health
risks and test whether women after a failed treatment face higher health risks (and
get depressed). In there, we report estimates of the effect of success at first IVF
treatment on registered intake of antidrepressants 0-10 years after the (potential)
birth of the child. Apart from a small difference in the use of antidepressants in the
year of treatment, our estimates indicate that women who seek IVF treatment face
comparable mental health risks, regardless of treatment success. We all take this
as evidence that health risks (related to failed IVF attempts) are not our biggest
concern.
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Table A: Descriptive statistics.

(1) (2) (3) (4) (5)
Age at first treatment (or birth) 32.18 34.97 33.92 31.52 28.28

(4.319) (4.078) (4.116) (3.914) (4.301)
Year at first treatment (or birth) 2000.2 2000.5 2000.4 2000.0 2001.4

(3.107) (3.107) (2.997) (2.989) (4.066)
Pre-treatment labour income in 230.7 214.7 248.9 229.7 183.71
1000s DK (years 1-3) (129.6) (137.9) (133.9) (121.7) (122.0)
Pre-treatment years of schooling 12.83 12.50 12.83 12.81 12.55

(2.340) (2.476) (2.375) (2.299) (2.326)
Pre-treatment incidence of 0.169 0.191 0.261 0.172 0.143
sickness benefits (0.375) (0.393) (0.439) (0.377) (0.350)
Married year before treatment 0.522 0.652 0.618 0.528 0.306

(0.500) (0.476) (0.486) (0.499) (0.461)
Pre-treatment labour market 0.912 0.873 0.913 0.922 0.900
participation (0.283) (0.333) (0.282) (0.269) (0.301)
Pre-treatment full time employment 0.865 0.834 0.884 0.880 0.773

(0.342) (0.372) (0.320) (0.325) (0.419)
Observations 18586 4598 4299 4556 105610

Note: This table shows descriptive statistics for the following samples and subsamples. Column (1):
childless women entering their first IVF treatment. Column (2): women with children entering
their first IVFtreatment. Column (3): childless women entering their fourth IVF treatment.
Column (4): women with a successful first IVF treatment attempt who had at least two embryos
inserted. Column (5): representative sample of women with at least one child. Standard deviations
within parentheses.
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