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Abstract

While in vitro fertilization (IVF) technology is a well-established treatment for infertility
initiated almost 35 years ago, the socioeconomic determinants of IVF success (i.e., live
births) are not well understood. A primary reason for this lack of understanding has
been limited data availability on IVF patient characteristics and treatment histories. We
investigate the presence of an education gradient in IVF success rates using unique Danish
administrative register panel data covering 100% of the Danish population from 1995 to
2009. Our main finding is a strong positive maternal education gradient in IVF success
rates. Compared with high school dropouts, patients with a high school or college degree
had a higher probability (3.24 or 5.85 percentage points respectively) of attaining a live birth
through IVF. Our explorations of the mechanisms underlying the IVF-education gradient
rule out pre-existing medical conditions and financial constraints as major factors. Instead,
we find that education disparities in the ability to learn about more-efficient adoptions of
IVF technology account for almost one-half of the college gradient and about two-thirds
of the high school gradient. We interpret these results as education embedding individuals
with a better capacity to both seek and assimilate information about the IVF procedures
and the determinants of pregnancy.

∗We would like thank Ingeborg Kristiansen and Edward Sosman for excellent research assistance.



1 Introduction

In a recent World Health Organization (WHO) study, Mascarenhas et al. (2012) analyze household

survey data from 277 demographic and reproductive health surveys to document the global burden

of infertility.1 Globally in 2010, the authors find that for women 20 to 44 years of age who were

exposed to the risk of pregnancy, 1.9% were unable to attain a live birth (primary infertility); and

further conditioning on a woman having had at least one previous live birth (one-child parity),

10.5% were unable to have another child (secondary infertility).2 While differences exist across

countries, similar figures are attained in modern industrialized economies, particularly in European

countries and the United States.3 For example, in Denmark, the inability to attain a live birth

conditioning on exposure is 2%, while additionally conditioning on one-child parity this figure is

about 9%.4 Further, these levels of infertility have remained steady for the past 20 years with a

minor global decrease in primary infertility, 0.1%, and a modest increase in secondary infertility,

0.4%.5,6

Under this scenario, assisted reproductive technologies (ARTs) are becoming standard inputs

of the fertility decision-making processes as they help circumvent constraints to optimal family

size generated by infertility. In Denmark alone, about 5% of all children were born through in

vitro fertilization (IVF) technology in 2009.7 Further, these numbers continue to increase over

time with no sign of deceleration. The proportion of IVF children in Denmark has been growing

steadily since the 1990s from less than 2% in 1995 to slightly more than 5% in 2009 (Figure 1).8

1See http://dx.doi.org/10.1371%2Fjournal.pmed.1001356.
2Infertility, the failure to achieve a clinical pregnancy after 12 months or more of regular unprotected sexual

intercourse, affects approximately 9% of couples at any given time worldwide; see Connolly et al. (2010). Mas-
carenhas et al. (2012) define the risk of pregnancy as a 5-year exposure period based on union status, contraceptive
use, and desire for a child.

3See Appendix Dataset S2 in Mascarenhas et al. (2012).
4In the United States, primary infertility is 2% and secondary infertility is about 7%.
5Age matters for these figures. The prevalence of primary infertility is highest among women between 20 and

24 years of age; for example, in Denmark this prevalence is 2.8% for the 20- to 24-year-old group and 1.9% for
the 40- to 44-year-old group. The opposite occurs with secondary fertility; in Denmark prevalence in secondary
fertility is around 2% for the 20- to 24-year-old group, around 10% for the 35- to 39-year-old group, and 20% for
the 40- to 44-year-old group.

6Using Demographic and Health Surveys data from 1990, an earlier WHO study found that one in every
four couples in developing countries is affected by infertility; see http://www.who.int/reproductivehealth/

topics/infertility/burden/en/index.html.
7An estimated 3.5 million children have been born worldwide after treatment with ARTs; see Connolly et al.

(2010). Over the past decade, the annual increase in ART services has been approximately 5% to 10% in developed
countries. The growth is persistent and is increasing over time; see Connolly et al. (2010).

8It is likely that this increase in demand is related not only to greater social acceptance of ART use, but
also to the notion that in more-educated societies the opportunity cost for women is larger, which tends to delay
childbearing in fear of career opportunity losses. That is, conditional on everything else, the postponement of
childbearing decreases the chances of natural pregnancy, which should increase ART use.
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Currently, IVF is one of the major treatments for infertility in Denmark, particularly when other

ARTs have not succeeded.9 The IVF process consists of fertilizing an egg by sperm outside

the body: in vitro. This implies three basic steps: (i) the monitoring of a woman’s ovulatory

process; (ii) the removal of an egg (ovum) from the woman’s ovaries; and (iii) the use of a fluid

medium (in a laboratory) with which the sperm is allowed to fertilize the egg. If the selected

egg for fertilization is collected within a monitored woman’s natural cycle, then this is known as

natural cycle IVF. Finally, the fertilized egg (zygote) is then transferred to the woman’s uterus

and pregnancy is established if implantation is successful.10

In this context, the relationship between education and IVF technology remains entirely un-

explored. While the education gradient in a wide range of health outcomes and behavior (e.g.,

life expectancy, disease diagnosis, adoption of medical innovations and surgical treatments) has

been the focus of many studies (see our discussion below), little is known about the existence

of an education gradient in the success of IVF technology. Is education a determinant of IVF

success rates (i.e., live births)? Further, if there is an education gradient in IVF success rates, is

it due to better health status by the more-educated IVF patients? Or is it due to better access

to technology—perhaps in the form of fewer financial constraints? Or are the more-educated

individuals better able to learn and, hence, adopt new technologies such as IVF more efficiently?

The welfare implications of the answers to these questions can be large for infertility-constrained

households and society at large, particularly in countries with aging populations and low fertil-

ity rates. Here, we approach these questions and analyze for the first time, to the best of our

knowledge, the education gradient in IVF success and explore potential underlying mechanisms

that might explain it.

To conduct our analysis, we use unique administrative Danish register panel data covering

100% of the Danish population during the years 1995 to 2009. We use two specific aspects of the

register. First, we use the IVF register that collects medical aspects of entire individual histories

of fertility treatments (cycle dates, reasons for treatment, and so on). Second, we use Statistics

Denmark, which includes register data on (among others) annual information about individual

demographic and socioeconomic status, income, employment, and general health information.

Family links (linked to the “id” of spouse/cohabiting partner, children, parents, and other house-

hold members) are provided. Further, the IVF register and the Statistics Denmark registers can

be linked through a unique person identification number (i.e., person-id). We use live birth as the

9This is also the case in other European countries (see de Mouzon et al. (2010)).
10The birth of the first test tube baby, Louise Brown, in 1978 marked an era of technology-driven reproductive

interventions that enabled fertility-challenged couples to bear genetically related offspring. Before the invention
of ART, infertile couples could only adopt. Louise Brown was born as a result of natural cycle IVF. Robert G.
Edwards, who developed the IVF process, was awarded the Nobel Prize in Physiology or Medicine in 2010.
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indicator of success of an IVF cycle, as is standard in the IVF literature, and for all our purposes,

we include in our sample all women 25 to 45 years of age in heterosexual couples (married or

cohabitating).11 Methodologically, we use several linear probabilistic models (LPM) to assess the

relationship between education and the probability of live birth from an IVF process. We further

include a two-stage selection model to deal with IVF participation aspects that could distort our

results on the determinants of IVF success.12

Our main finding is that maternal education significantly determines IVF success rates. IVF

patients who have completed college (or obtained a postgraduate degree) have a 5.85-percentage-

point higher probability of attaining a live birth than high school dropouts. IVF patients with

high school (or some college) as their highest education level have a 3.24-percentage-point higher

probability of attaining a live birth than high school dropouts. That is, there is a strong positive

IVF-education gradient. Our results are not affected by the selection of patients who participate

in IVF.

We conduct several robustness exercises. First, to control for health status and behavior

we include pre-existing medical conditions in our model such as individual diagnosed causes of

infertility (e.g., ovulation defect, fallopian tube defect, cervical defect, male causes) and the

number and costs of general practitioner (GP) services during the previous year. Second, to

control for financial factors in a system that fully subsidizes the first three IVF treatments (see

Section 2), we isolate the analysis for the first three treatments that are arguably not affected by

financial constraints. Our results suggest that the IVF-education gradient remains robust to health

conditions and financial factors and, hence, cannot be explained by them. Instead, we find that

education disparities in learning how to adopt IVF technology more efficiently are quantitatively

very important in accounting for the education gradient. To control for disparities in learning

ability, we separately restrict our exercise to first and second IVF children; that is, we condition

on previous IVF parity. If different education groups learn at different rates how to succeed with

11Our administrative data provide a clear advantage with respect to the previous literature on the determinants
of IVF success—literature that has invariably been conducted outside the field of economics. Previous work has
relied on nonrepresentative data from private clinics; for example, Smith et al. (2011) use data for a total of
391 patients from 8 different IVF clinics in the United States to investigate determinants of IVF success. The
advantage of our administrative data is that they imply that our results are not subject to any bias associated
with exclusion rates that private IVF clinics generally apply. Private clinics have an incentive to exclude from
treatment patients who are expected to have relatively low chances of IVF success. Private IVF clinics restrict
patients above a certain age, those with follicles below a minimum number (threshold), and women with follicle-
stimulating hormone levels below a certain level. In attempts to predict IVF success, experts have developed a
number of tools to assess a patient’s ovarian reserve, including blood tests and assessments of ovarian antral follicle
counts, the number of small follicles at the start of a woman’s cycle as determined through vaginal ultrasound.
Our administrative data allow us to circumvent the problems arising from these exclusionary rates. Further, the
fact that we have data on non-IVF patients allows us to conduct selection models of IVF participation.

12We find that LPM yield results very similar to the associated marginal effects of corresponding logit models.
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IVF, we should observe relative changes in the education gradient of IVF between the first and

second IVF child. Our results suggest that more-educated patients assimilate IVF information

better at prompt (i.e., the education gradient is largest for the first IVF child). Further, the

sample of patients who already have an IVF child, and therefore are likely to have better learned

and assimilated IVF information, has a substantially lower education gradient for the second IVF

child. Specifically, our findings suggest that the comparative advantage of the more-educated

patients to acquire IVF knowledge more rapidly accounts for 49% of the college gradient and

62% of the high school gradient for the first IVF child. We interpret these results as education

embedding individuals with a better capacity to both seek and assimilate new information about

IVF procedures and the determinants of pregnancy.

While we are the first to investigate the education gradient in IVF success rates, we are

not the first to study the link between education and health. The observation of a persistent

association between education and health behavior and status is present within countries, across

countries, and over time. This is true for a wide range of measures of health outcomes (e.g., life

expectancy, disease diagnosis of heart condition, strokes, cholesterol, diabetes, body mass index

[BMI], asthma, ulcers, anxiety, depression); see Cutler and Lleras-Muney (2006) and Cutler and

Lleras-Muney (2012) for comprehensive discussions. Perhaps the most common health outcome

studied in the health-education gradient literature is life expectancy (or some measure of age-

specific mortality rates) with the established pattern that more-educated individuals tend to live

longer.13

A natural question is whether more education implies better health. Cutler and Lleras-Muney

(2006) investigate the effect of education on various measures of health behavior such as smok-

ing, drinking, diet/exercise, household safety, the use of preventive medical care, and so on.

They show that these health behaviors explain some—about 30%—of all differences in health

disparities. More recently, Cutler and Lleras-Muney (2010) used a wide range of data sources

to conduct a decomposition exercise on the different mechanisms underlying this education gra-

dient. Interestingly, they find that education can also lead to healthier behavior by influencing

cognitive ability. They relate this channel not to the stock of knowledge but to the ability to

process information—that is, while information on the bad consequences of smoking is publicly

13Using health data from the National Health Interview Survey and death data from National Death Index (US
1990-2000), Cutler and Lleras-Muney (2006) find that more-educated individuals are less likely to die within 5
years (and more likely to have lower morbidity from the most common acute and chronic diseases excluding cancer
and chickenpox). Meara et al. (2008) show that at age 25, college-educated individuals could expect to live up
to 79.4 years, while those with a high school degree were expected to live almost three years less. As described
in Cutler and Lleras-Muney (2006), the education gradient in mortality stands robust against a wide range of
controls (e.g., age dummies, race, gender, family income, family size, major activity, region of residence, and
marital status); a common trait of this robustness is that the education effects on mortality tend to be smaller
among the married than the unmarried, see also Kohler et al. (2008) and Pijoan and Rios-Rull (2012).
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available, it is the more-educated individuals who can understand this information better.14,15 In

this context, our findings for the IVF-education gradient suggest a similar line of argument—

that is, more-educated patients have a comparative advantage in their ability to learn (seek and

assimilate new information) about IVF procedures and the determinants of pregnancy.

Further evidence suggests that the mortality-education gradient has been widening over time;

see Meara et al. (2008).16 More recently, Cutler et al. (2011) show that behavioral risk factors

are not the primary force behind this increase in the education disparities in mortality (e.g.,

smoking declined more for the better-educated but not enough to explain the trend; and obesity

and control of blood pressure and cholesterol increased fairly uniformly across education groups).

Interestingly, we also find that the IVF-education gradient is widening over time at a rate of 0.52

percentage points higher (per year) for college graduates compared with high school dropouts,

and at a rate of almost 0.27 percentage points higher (per year) for high school graduates

compared with high school dropouts. The high importance of learning that we find generating

the IVF-education gradient suggests that the increase in this gradient over time is likely to be

due to increasingly more sophisticated IVF treatments.

The rest of the paper is organized as follows. In Section 2 we describe the institutional setting

in Denmark (i.e., the Law of Artificial Insemination) and the administrative Danish register panel

data used in our analysis. In Section 3 we describe the history of IVF treaments in Denmark from

1995 to 2009, as well as the socioeconomic characteristics of the IVF patients. In Section 4 we

pose our benchmark econometric specification. Our results on the presence of an IVF-education

gradient are detailed in Section 5.1, and robustness exercises with respect to health status and

behavior, financial factors, and learning ability are conducted in Section 5.2. We control for

selection into IVF participation in Section 6. Section 7 concludes.

14Specifically, they find that income, health insurance, and family background account for about 30% of the
gradient; measures of cognitive ability explain an additional 30% (specific knowledge about 12%); and social
networks account for 10%.

15These are not the only underlying explanations for education disparities in mortality rates (see the discussions
in Case et al. (2002) and Lleras-Muney (2004)). For example, Willet et al. (2010) suggest that fertility is
protective against some types of cancer. In that case, if less-educated mothers have more children, this should
tend to decrease the education disparities in life expectancy.

16Meara et al. (2008) examined the educational disparities in the United States from 1980 to 2000. They found
that the education-related gaps in life expectancy have increased by about 30%; much of the increase in the
education gradient was due to gains in life expectancy among the better-educated group (see Elo and Preston
(1996) for earlier discussions). They also documented that between 1990 and 2000, life expectancy grew 1.6 years
for the high-education group but remained unchanged for the low-education group.
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2 Institutional Setting and the Administrative Danish Register Panel

Data

In this section, we first describe the Danish institutional setting related to the Law of Artificial

Insemination, paying particular attention to couples’ eligibility for subsidized treatment and their

rights. Second, we discuss the Danish register panel data and provide details on the construction

of our variable for live births from infertility treatments.

2.1 Institutional Setting

During the period 1995 to 2009, all women in Denmark had the right to artificial insemination

by an in vitro method if they fulfilled the following three criteria (see Ministry of Health (1997)

and (2006)). The first criterion is that women must not be older than 45 years of age at the

beginning of a treatment period. The second criterion is that the doctor must have consent from

both the woman and the man in the couple being treated. The third criterion is that the couple

must, in the doctor’s opinion, be suitable of taking care of a child and the woman must be (both

mentally and physically) able to undergo pregnancy. Couples who fulfill the three criteria are

allowed to undergo fertility treatment in Denmark.

There are further guidelines regarding which couples are allowed to receive free fertility treat-

ments at a public hospital. In order to be allowed free IVF, (i) the couple is not allowed to have

any joint children. (ii) The couple should have attempted pregnancy naturally for at least 12

months; however, depending on the woman’s age and the couple’s known medical history (female

or male), the treatment can start earlier. (iii) Women must not be older than 40 years old at the

beginning at the treatment.17 And (iv) Only the first three successful treatments are free. In this

situation, a successful treatment is one that includes an egg transfer with at least one healthy

egg; see Ministry of Health (2006), Ministry of Health (2012), and Ministry of Health (2013).

During our study period, 1995-2009, the first three successful public treatments for a couple’s

first child are free. After the initial first three treatments, the couple must pay the cost of

treatment and thus go to a private fertility clinic for further treatments. However, the law does

allow leftover frozen eggs from the couple’s first treatment to be used for free at the public

hospital for the couple’s second child, and some regions sometimes allow treatment for attempts

for a second child (see Danish Health Insurance (2013)). Further, our data suggests that for

about 0.75 percent of couples the number of treatments at the public hospital can be extended

17While 40 years is the limit age to receive free IVF treatment in Denmark, paid IVF treatment is allowed for
all women younger than 45 years old—that is, it is illegal to provide IVF treatment to women older than 45 years
old in Denmark.
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to more than three successful tries.

2.2 Data

We use unique administrative Danish register panel data of the entire Danish population over a

recent period of 15 consecutive years. That is, we have panel data covering 100% of the Danish

population. We are interested in two specific pieces of these data. The first are the data from

the Danish National Board of Health that include all women treated with ARTs using in vitro

techniques. This is referred to as the IVF register and includes detailed medical aspect of the

individual fertility treatment histories (e.g., date of cycle/treatment, known reasons for undergoing

treatment, if treatment includes aspiration and/or transference). For the 1995-2005 period the

data also include number of children if a birth occurs as result of the treatment. The IVF

register contains two subperiods, one from 1995 to 2005 and one from 2006 to 2009. In the later

subperiod, the registration of treatments occurred electronically, whereas in the first subperiod,

the fertility clinic’s staff completed forms by hand. In addition to the IVF register, the second

part of the data is from Statistics Denmark and includes register data on annual information

on socioeconomic variables (e.g., age, gender, education); income information (yearly income,

earnings, and wealth); characteristics of employment (e.g., employed, self-employed, unemployed,

out of the labor market); and general health information of the population. The IVF register and

the Statistics Denmark registers can be linked through a unique ’person-id’. Further, the data

also include family links (i.e., links to ’id’ of spouse/cohabiting partner, children, parents, and

other household members). Labor income and wealth measures are deflated to the year 2000

level using Consumer Price Index data from Denmark. Patients are classified into three education

groups: less than high school education, high school and trade and some college education, and

college and higher education. The general health information is measured in two ways. The first

health measure is the number of yearly services (e.g. a consultation, a blood test, a vaccination)

performed by the GP. The second health measure is the reimbursement (in Danish Kroner, DKK)

the GP receives from the state for the services to each patient.

The IVF register contains information for every fertility treatment using in vitro techniques

in Denmark. Each treatment has a starting date, which is the first date of the latest menstrual

cycle, and each treatment has either (or both) an aspiration date and a transfer date of the

embryos. For the period up to 2005, the register also contains information about the number of

children resulting from the given treatment. We include one treatment per start date irrespective

of the number of resulting births. While the IVF register does not contain any retrospective data,

such as the previous number of treatments (whether successful or not), from the demographic

variables from Statistics Denmark we know how many children a woman had previous to the
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treatment. For the 2006-2009 period we impute the birth rates from the infertility treatments.

The birth indicator is imputed by examining the birth records in the Statistics Denmark family

register for all women in the IVF register. For all fertility treatments we compute the expected

birth date as the start date plus 280 days, which is the expected pregnancy duration. We then

check whether the woman has a birth at most 90 days before the expected birth date or at most

21 days after the expected birth date. If a woman has a child during this period, we classify the

treatment as a success. However, for women with multiple treatments less than 3 months apart,

the above approach gives multiple potential births less than 3 months apart. If this is the case,

we classify the last treatment in a sequence as the success and classify all other treatments in

the sequence as failures.

3 IVF in Denmark: Some Descriptive Statistics

Our selected sample includes all Danish women 25 to 45 years of age who are married or cohabi-

tating with a man for the 1995-2009 period. We first document trends in initiated and successful

IVF treatments in Denmark for our study period. We then discuss the socioeconomic and medical

characteristics of IVF patients across age groups and over time.

3.1 History of IVF Treatments in Denmark (1995-2009)

A total of 67,301 initiated treatments were documented in Denmark for the 1995-2009 period.

The numbers of initiated treatments over time are distributed across public and private sectors

in Figure 2(a).18 While there was an initial increase in the number of initiated IVF treatments

(from a total of almost 3,000 in 1995 to around 5,000 initiated treatments in early 2000s), the

total number of initiated treatments was steady at around 5,000 treatments per year for the past

10 years of the sample period. The fraction of the treatments in the public sector peaked around

2005 with almost 72 percent of treatments. In the beginning and toward the end of the sample

period this number was around 63 percent.

A different way of counting number of treatments is to include only the number of successful

treatments, which are the ones that count toward the first three free treatments in the public

sector. A treatment is counted as successful if a healthy egg is transferred during the treatment.

While we cannot directly observe from the data whether the egg transferred in the treatment was

healthy, we can determine whether an egg was transferred at all. Figure 2(b) presents the number

of these successful treatments over time and across sectors. The trend in time and across sectors

18Here we have changed some fertility clinics to private instead of public as the data originally suggested. This
is done by checking the name of each individual fertility clinic to see whether it was public or private. Finding
these inconsistencies, we correct for few data entry errors from the original dataset.
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in treatments conditional on egg transfers is the same as the overall trend with an initial increase

from 1995 to 2000 and a steady level of successful treatments since the early 2000s with around

4,000 treatments that yield egg transfers per year. The fraction of treatments in the public sector

is slightly smaller when we condition on egg transfers rather than the treatments overall, perhaps

suggesting a somewhat smaller IVF success rate in the public sector.

A measure of IVF technological progress is the evolution of the fraction of initiated IVF

treatments that yield a successful egg transfer. Figure 2(c) plots this measure of IVF technological

progress separately for public and private sectors. Our results show signs of improvement in

the success of public sector treatment; the proportion of successful egg transfers among total

initiated treatments increased from 79% in 1995 to 86% in 2009. In the private sector, however,

the proportion of successful egg transfers remains steady (around 90%) throughout the entire

sample period. Overall, while there is slightly higher success in the private sector, there are only

minor differences between the public and private sectors, particularly after the early 2000s. While

we acknowledge this measure of IVF technological progress is somewhat crude since a successful

egg transfer may also depend on the characteristics of the patients (that is, it is affected by

the selection of IVF patients across sectors19), it is still useful to understand the probabilities of

egg transfer success across sectors. The reason is that patients incorporate these probabilities in

their decision making process. Hence, if, as we have seen, there is little difference in egg transfer

success across sectors, we should observe that a heavily subsidized IVF system as in Denmark

potentially encourages patients to first try to succeed in the public sector, a question that we

tackle next.

In this context, it is important for our analysis to identify the first three successful treatments

for a couple at the public hospital when they have no children together already. We identify

the free treatments by counting the number of successful treatments a couple has at the public

hospital from the time they enter the sample conditional on the couple having no previous children.

However, since our data show the stock of women in treatment during a year, we do not know

whether they had treatments before the sample period started. In order to still be able to assign a

first treatment, for the women in the sample, we assume that if a woman enters fertility treatment

that does not result in a child, she either stops the treatment or continues receiving treatments

with no break longer than a year. This way, we can start counting initial treatments in 1996, the

second year of data. We classify a treatment as a first treatment if the woman did not receive any

treatments in 1995. Further, we divide the sample into couples with and without joint children to

19In that sense, the fraction of initiated IVF treatments that yield a successful egg transfer represents more an
equilibrium object than technological progress. For example, the fact that this measure of success is constant over
time does not rule IVF technological advances during this period that could have been offset by the increasing
participation of patients with idiosyncratic lower chances of live birth success.
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identify the first three successful public sector treatments for the couple’s first child. Note that

this will be at most three treatments conditional on the treatments including an egg transfer, but

it can be more than three treatments unconditional on the egg transfer.

Figure 2(d) shows the total number of treatments identified as free across time, the percentage

of free treatments in the public sector, and the overall percentage of free treatments. The fraction

of free treatments in the public sector decreases in the early part of the sample partly because

of the way the number of free treatments is constructed. All first public sector treatments for

couples without children in 1996 are classified as free, which gives a larger percentage of free

treatments in the public sector during the early part of the sample. The percentage of public

treatments we classified as free is the lowest during the 2002-2005 period. This implies that the

highest fraction of public sector treatments that do not fall in the category “three first successful

treatments of couples with no joint children” occurred in this period. The overall percentage of

treatments classified as free treatments is roughly constant at around 60% of all treatments.

The free treatments can occur only at public hospitals. After the initial free treatments,

all treatments for the majority of individuals should occur at private clinics. As mentioned in

Section 2.1, evidence in the data suggests it is possible to be treated at public hospitals both

after the first three treatments and for a second child. Table 1 shows the fraction of free and

unfree treatments at the public and private hospitals. 100% of the free treatments are in the public

sector, whereas only 16% of the unfree treatments are in the public sector. Table 2 also shows the

distribution of public sector treatments for couples with and without joint children. Almost 10%

of all treatments in the public hospital should not be free according to our classification. However,

Table 2 also illustrates that among couples with no joint children, 99.25% of all treatments are

classified as free because they belong to the first three treatments in the public sector. Table 2

further shows that among the treatments we classified as unfree in the public sector, the majority

are couples undergoing treatment for their second child. As mentioned in Section 2.1, some

regions have periodically allowed couples to receive public sector treatments for a second child

and the data clearly suggest this is the case. However, to obtain a clean comparison of free

public sector treatments across municipalities, we have classified only the first three public sector

treatments for the first child as free.

3.2 Socioeconomic and Medical Characteristics of IVF Patients

Table 3 shows the socieconomic and demographic characteristics of IVF patients in Denmark for

the years 1995 and 2009, the first and last years of our sample. Remember that the sample under

study consists of all women between 25 and 45 years of age who are IVF patients during the year

of interest. While in 1995 the majority of IVF patients have a high school degree (48.87%) as the

11



highest level of education completed, in 2009 the majority of IVF patients are college graduates

(49%). This change is largely due to a loss in the number of patients with less than a high school

degree who accounted for 22.10% of the total IVF patients in 1995 but only 8.00% in 2009,

which translated into a large increase of IVF patients with a college degree from 29.12% in 1995

to 49% in 2009. The number of IVF patients with at most a high school degree has remained

somewhat steady: 48.78% in 1995 and 42.99% in 2009. The average age of IVF patients is

rather steady at around 33 years in 1995 and 2009. The marital status of IVF patients is mostly

married—68.67% in 1995 and 59.15% in 2009—a decline due to the rise in cohabitation. The

number of children is 0.44 in 2009, slightly higher than 0.19 in 1995; that is, there are more

IVF patients looking for a second child in 2009 than in 1995. Most IVF patients are treated in

public hospitals: 62.49% in 1995 and 63.64% in 2009. Regarding labor market status, most IVF

patients are employed (82.72% in 1995 and 86.11% in 2009) with minor differences between 1995

and 2009 in the share of IVF patients who are on leave, self-employed, unemployed, in school, or

out of the labor force.

Table 4 decomposes these socioeconomic and demographic characteristics by age groups.

The share of patients with either less than a high school degree or at most a high school degree

decreases with age, while the share of patients with a college degree decreases with age. This

feature was more pronounced in 1995 than in 2009 when the share of IVF patients with a college

degree increases from 18.03% (44.58%) for ages below 30 to 58.82% (51.55%) for ages above

40. It is likely that this partly reflects changes in the demographic structure across education

groups in the entire population. The number of children in the household increases with age,

with values close to 0 for patients younger than 30 and closer to 1 for patients older than 40.

The share of patients treated in public hospitals decreases with age, most notably in 2009 when

81.55% of patients younger than 30 were treated in public hospitals, and only 5.04% of patients

older than 40 were treated in public hospitals.20 This statistic likely reflects the fact that older

women are more likely to have exhausted their free treatments at public hospitals. There is no

clear pattern for employment status across ages that is consistent in 1995 and 2009 except for

the fact that the share of IVF patients employed decreases with age, from 81.85% (86.02)% for

ages below 30 to 72.55% (81.01%) for ages above 40 in 1995 (2009).

The medical conditions of IVF patients are shown in Table 5 and by age groups in Table 6.

The visits per year to GPs is about the same over time: 9.44 in 1995 and 9.24 in 2009. The

average cost per GP visit was DKK 661 in 1995 and DKK 832 in 2009. In terms of diagnosed

infertility causes (note that patients may report more than one infertility cause), the major reason

20The reason why there are some IVF patients older than 40 years old receiving treatment in public hospitals
is that, while they are not allowed to initiate egg extractions, however, they can use frozen eggs from previous
treatments.
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for infertility was a fallopian tube defect (59.50%) in 1995, while male and other causes in 2009,

respectively 50.64% and 54.68%. The average number of treatments per year has increased from

1.25 in 1995 to 2.21 in 2009.21 Finally, the fraction of live births has also slightly increased from

24.40% in 1995 to 28.12% in 2009.

Conditioning on age, the GP visits and average costs of the visits decrease with age in 1995

and 2009. This may reflect that patients seek specialists, rather than GPs, relatively more often

as they age. There is no clear pattern of changes in diagnosed infertility causes across age

groups in either 1995 or 2009. For example, ovulation defects increase with age in 1995, but the

opposite occurs in 2009. Fallopian tube defects follow an inverted-U shape across age groups in

1995, while they somewhat increase across age groups in 2009. Also, male causes of infertility

remain somewhat steady across age groups in 1995, but they substantially decrease with age in

2009, from 53.22% for patients younger than 30 to 33.72% for patients older than 40. While the

average number of treatments remains remarkably steady across age groups in 1995, around 1.24,

it does however increase monotonically in 2009 from an average of 1.83 treatments for patients

younger than 30 to an average of 2.96 treatmetns for patients older than 40. The fraction of

patients with a live birth unambiguosly decreases with age. In 1995, 26.69% of patients younger

than 30 had a live birth, while this figure is only 3.92% for patients older than 40. In 2009 these

figures are slightly higher, but the decreasing pattern with age persists with 31.92% of patients

younger than 30 having a live birth and 11.24% of patients older than 40 doing so.

4 Econometric Specification

Here, we provide a parsimonious econometric model that we use to explore the presence of an

education gradient in IVF using panel data for the entire married or cohabitating female population

between the ages 25 to 45 from 1995 to 2009 in Denmark. We are interested in investigating

the association between education and IVF success. First, let bIV Fit be the measure of success

in attaining a live birth through IVF treatment t for woman i; that is, a dummy variable equal

to 1 if live birth is attained using IVF technology and 0 otherwise. Second, denote with si the

individual i’s educational attainment, a categorical variable with individuals divided into three

education groups denoting the highest degree of education attained: (i) less than high school,

(ii) high school or some college, or (iii) college or higher education.

21The low average treatments in 1995 partly reflects the way we select our sample study for which we consider
IVF patients who start their first treatment in 1995.
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To explore the education gradient in IVF, we consider the following LPM specification:

bIV Fit = cons+
∑
s>0

αs1si +
∑
a,s>0

γa,s1ai,si +
∑
s>0

βs1siyear + ηxit + εit, (1)

where εit is a contemporaneous term reflecting heteroscedastic robust standard errors N(0, σ2
ε,i).

The term αs captures the relative effect of college (or higher eduction) and high school attainment

(or some college) with respect to the reference educational attainment group (i.e., less than high

school). Hence, if there is a positive education gradient in IVF, the estimated term αs will be

positive and significant. Note that we interact educational attainment groups with age dummies

to capture potential nonmonotonicities of IVF sucess rates over the life cycle across and education

groups through γa,s. We also include an interaction term between education group and time to

capture the possibility of changes in the education gradient over the years with βs.
22 Throughout

our benchmark analysis, we include women in their reproductive age (i.e., 25 to 45 years of age)

conditional on having participated in IVF. Since we focus on individuals who are 25 years or older,

they most likely have already completed their education.23

The vector xit denotes a full set of individual demographic and socioeconomic characteristics.

These include marital status; whether the individual has been treated or not in public hospitals;

logged female’s labor income; logged spousal labor income; and a categorical variable for labor

market status taking values for “on leave“ status, self-employed, employed, out of labor force,

and unemployed. Patients’ and spousal income are expressed in 2000 price levels deflated using

the Danish Consumer Price Index.

5 Results

In this section, we report our results for the benchmark model. We then use alternative model

specifications to conduct several robustness exercises, and interpret our results.

5.1 The IVF-Education Gradient

First, we run a benchmark LPM on all women 25 to 45 years of age who underwent an IVF

process, as specified in equation (1). The endogenous variable is IVF success (i.e., a live birth

from an IVF process). Table 7 shows the associated results. Column (1) reports the raw estimates

of the LPM, while column (2) reports the marginal effects (evaluated at corresponding averages).

22In our estimation we rescale ages 25-45 to, respectively, 1-21 and years 1995-2009 to, respectively, 1-15. This
is done to ease the interpretation of the estimated coefficients of age and years—otherwise the units of these
estimated coefficients are too small, particularly for years. Obviously, this does not change our results.

23Precisely, less than 1% of IVF patients in our sample are in school.
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The outcomes are clear: There is a strongly significant education gradient in IVF success rates.

The success rates for high school and college graduates are significantly higher than those for

high school dropouts (the reference group). Compared with high school dropouts, patients with

a high school degree or some college education have a 3.24-percentage-point higher probability

of attaining a live birth through IVF. Patients with a college degree have, at the margin, a 5.85-

percentage-point higher probability of attaining a live birth compared with high school dropouts.

Note that compared with other health outcomes, the IVF-education gradient is relatively large.

To see this, recall that the total (average) chances of attaining a live birth through IVF process

are 28.12% in 2009 (see our discussion in Section 3.2). This implies that the education gradient

for college graduates represents a 5.85 x 100/28.12 = 20.8% higher chance of successful IVF

treatment (out of the total chances) than high school dropouts, while the education gradient

for high school graduates represents a 3.24x100/28.12=11.5% higher chance of successful IVF

treatment than high school dropouts.

While the success rate of IVF has not significantly changed over time (the year coefficient is

not significant), the time trend of the education gradient for college graduates significantly and

positively increases at 0.52 percentage points per year. A positive, but somewhat smaller increase

is attained for individuals with at most a high school degree: 0.27 percentage points per year.

These results suggest that not only there is an education gradient in IVF success rates, but that

it is also widening over time.24

Consistent with the medical literature, we find that age is an important determinant of IVF

success. As patients age, the probability of successful IVF live births substantially decreases, by

1.6% a year. Further, patients who are treated in public hospitals have a 2.81-percentage-point

lower success rate compared with patients treated in private hospitals. In addition, patients with

higher spousal total income have a significantly higher success rate; a 1% increase in spousal

total income increases the IVF success rate by 1.06%. When we control for labor market status

of the patient, our result shows that patients who are on leave have a significantly higher IVF

success rate compared with patients who are in school (the base group).25 For all other labor

status groups including patients who are employed, self-employed, outside the labor force, and

unemployed, IVF success rates are lower compared with patients who are in school. In particular,

patients who are out of the labor force and unemployed have significantly lower (5.45 and 5.66

percentage points, respectively) success rates compared with the reference group.

24Nonstationary specifications of education gradients can also be found for HIV (see Iorio and Santaeulàlia-Llopis
(2011)) and for BMI and other health outcomes (see Cutler and Lleras-Muney (2012)).

25We acknowledge that being on leave can be endogenous to having a child in some cases. The reason is that
our labor market status variable is measured in November of the year that IVF patients receive treatment. This
way, if successful treatment was received, say, in January of the same year, this woman should be on maternity
leave in November when labor market status is reported.
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Throughout our analysis we have focused on a LPM specification. However, our results with

a logistic model imply a similar (actually, slightly larger) IVF-education gradient. Using a logit

model we find that, at the margin, college educated IVF patients have a 5.92-percentage-point

higher probability of attaining a live birth compared with high school dropouts, and high school

graduates have a 3.31-percentage-point higher probability than high school dropouts.

5.2 Robustness

Our main finding is that more-educated mothers are more likely to succeed in attaining a live

birth using IVF. Further, the educational disparities in success rates extend beyond age, marital

status, income, labor market status, and so on. Here we explore the robustness of our results to

three alternative mechanisms that could account for the education gradient in IVF success.

5.2.1 Health Status and Behavior

Two factors that might explain the IVF-education gradient are disparities in health status and

behavior across education groups prior to entering the IVF process. To control for health status,

we incorporate pre-existing medical conditions in our model, including the patient’s infertility

diagnostic information, the number of visits to a GP over the past year and the total medical

expenditures associated with GP visits. Infertility diagnostic variables include ovulation defect,

fallopian tube defect, cervicovaginal uterine defect, male factors, other factors and unspecified

factors. We introduce infertility diagnosis as dummies that give a value of 1 if the patient has a

defect as classified above and 0 otherwise; there are as many dummies as defects/factors. Notice

that these dummies are not mutually excludable, that is, that a patient/couple can have more

than one cause for infertility.

We first condition our analysis on diagnosed infertility causes (see the results in column (1)

and (2) of Table 8). We find that after controlling for infertility diagnosis, the education gradient

remains similar, with a slight increase, compared with the benchmark scenario reported in the

previous section. Specifically, a college degree is associated with a 6-percentage-point higher

probability of attaining a live birth compared with high school dropouts, while a high school

degree is associated with a 3.41-percentage-point higher probability compared with high school

dropouts. Interpreting the coefficient estimates for infertility diagnosis, we observe that patients

with tubal factor infertility have a significantly higher success rate of 1.07 percentage points

compared with patients with ”other causes“ of infertility. This result is very much consistent

with the fact that IVF was originally designed as a primary therapy for patients with fallopian

blocked tubes, which explains why IVF success is higher for patients with tubal defects. We
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further observe that patients with male causes of infertility also have a 2.87-percentage-point

higher probability of attaining a live birth than patients with ”other causes“ of infertility. In

contrast, patients with ”other causes“ of infertility decrease their chances by 5.02 percentage

points compared with patients with all other causes. Finally, while we find that infertility causes

separately related to ovulation defects, cervical defects, and unspecified cause increase the chances

of success, they do not significantly determine success.

Second, to control for the unobserved health status of the patients, we further include the

number of procedures the patient received during GP visits over the year previous to the treatment

and the total cost of GP visits (see the results in column (3) and (4) of Table 8). One alternative

way to interpret GP visits and costs is in terms of health behavior: How much do individuals who

seek infertility treatment take care of their general health by conducting preventive care and/or

treatment? In this sense, we use the number of procedures the patient had in GP visits and

the cost of GP visits as proxies for infomation on behavioral factors such as smoking, alcohol

use, drug intake, diet, and exercises, for which, unfortunately, we do not have information. We

find that after controlling for the number and cost of GP visits, the education gradients for the

success rate of IVF becomes more pronounced for both education groups. IVF patients who are,

at most, high school graduates have at the margin a 4.15-percentage-point higher probability

of attaining a live birth through IVF compared with high school dropouts. IVF patients with a

college have a 7.28-percentage-point higher probability to attain a live birth compared with high

school dropouts. The size of other coefficient estimates remains stable and significant. Note that

each procedure at the GP visit tends to increase the probability of IVF success by 1.07%, while

the monetary costs of GP visits tend to significantly decrease IVF success. We find these results

suggest that, under the premise that individuals with better health are more likely to attain IVF

success, GP visits are likely to be related to preventive behavior, while GP costs are likely to be

related to treatment-seeking behavior.

To summarize, we find that disparities in patients’ health status across education groups

do not reduce the size of education gradient. That is, health status disparities cannot be held

accountable for the education gradient in IVF success rates.

5.2.2 Financial Factors

One concern of our analysis is the possibility that IVF patients can have disparities in the amount

of available resources across education groups. These disparities can, in turn, generate differences

in accessibility to expensive medical technologies. If the more-educated mothers have access to

better IVF technology, they will have better success in attaining a live birth simply due to higher
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productive efficiency.26,27

Even though IVF treatments are expensive,28 the first three IVF treatments for the first

IVF child in Denmark are fully subsidized by the state under certain criteria (see Section 2.1).

Therefore, it is natural to think that full subsidization of IVF treatments helps to lift potential

financial constraints faced by patients and makes IVF technology more accessible to all fertility-

challenged couples, independently of financial factors. For this reason, we next restrict our study

to the sample of IVF patients receiving the first three treatments of IVF—that is, the subsidized

treatments generally undertaken in public hospitals (see Section 3.1). By looking at this restricted

sample that arguably is not affected by financial constraints in any signifcant manner, if we find

that the IVF-education gradients stands, then we can rule out financial factors as a potential

mechanism behind the observed gradient. Otherwise, if the IVF-education gradient decreases (or

disappears) in our restricted sample, then we will have to accept that the gradient is generated

by better success rates of nonsubsidized treatments (generally received in the private sector) and

that it is the more-educated mothers who have better access to this technology.

Table 9 shows the results for the restricted sample associated with the first three IVF treat-

ments only. For convenience, we first reproduce our benchmark results that include all treatments

regardless of the number of times patients participated in IVF (i.e., treatments that are both state

subsidized and self-financed; see columns (1) and (2)).29 The results for the restricted sample

(i.e., the state-subsidized treatments only) are shown in column (3) and (4). Note that by re-

stricting the sample to the first three treatments, the number of observations (by treatments)

is reduced from 60,889 to 36,896. The main result of this exercise is that the IVF-education

remains significantly positive. Specifically, the education gradient of patients with a high school

degree and some college education relative to the success rate of high school dropouts increased

from 4.15 percentage points to 5.14. While for patients with a college degree, the education

gradient increased from 7.28 percentage points to 8.62. That is, far from decreasing, the gradi-

ent somewhat moderately increases for the sample for which financial factors should not be an

issue. This suggests that once financial constraints stop binding, the entrance of less-educated

individuals (who are otherwise financially unable to pay for IVF treatments) tends to increase

26This argument can be stated in general for a wide set of medical technologies; see Grossman (1972); Kenkel
(1991); Thompson et al. (2008); and Cutler and Lleras-Muney (2010).

27IVF patients are slightly more labor income-rich (on average) than non-IVF patients. In 2009, the average
labor income of an IVF patient was DKK 272,417, while the average labor income of a non-IVF woman was
245,769. In 1995, these figures were 226,895 for IVF patients, and 202,235 for non-IVF women.

28In 2012, the price of contracts with 3 IVF treatments ranges from DKK 39,714 to 54,900. The price range
is mostly explained by the type of treatment; whether they include intracytoplasmic sperm injection (ICSI),
intrauterine insemination (IUI-D), testicular sperm aspiration (TESA) or testicular sperm extraction (TESE).
Women older than 40 years old are charged (on average) a premium of DKK 2,900.

29Note that we focus on the case where the health variables from the previous section are included.
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educational disparities in IVF success rates. That is, less-educated individuals who are financially

able to afford IVF are somewhat more similar to more-educated individuals, in ways that we

cannot observe but that determine IVF success rates, than less-educated individuals who cannot

afford IVF treatment. Last, the sign, size, and significance of all other coefficients remains similar

to those of the benchmark case.

To summarize, our results suggest that financial factors cannot account for the observed

difference in the IVF success rate by education group. Pushing this argument further, we can

conclude that a policy that finances everyone who needs IVF—as Denmark does—should not

be expected to reduce education disparities in IVF success rates, but it rather could yield the

opposite result, as has been the case here.

5.2.3 Disparities in Learning

One sensible conjecture is that more-educated patients are better able to process new information

about IVF procedures and the determinants of pregnancy (i.e., how to succeed) in IVF than less-

educated patients. This implies different learning rates across education groups. In particular, if

more-educated patients learn faster than less-educated patients, then the size and significance of

the IVF-education gradient should decrease as a function of the number of IVF children. If this is

the case, the more-educated patients can potentially apply their recently acquired IVF knowledge

at the beginning of the treatment for their first IVF child, while the less-educated—will need more

time (and, perhaps, more trial-and-error experience) to attain the same knowledge. Following

this rationale here, we create two samples of women in IVF treatments—one for women who are

new to IVF treatments because they are treated for their first child and another for women who

are treated for their second child and, thus, have been successful with their first IVF treatment.

Women in the second sample are likely to have acquired and assimilated all information on IVF

treatments; therefore, we think of this as a sample where we have controlled for learning.

Table 10 shows our results for this exercise. Columns (1) and (2) include IVF treatments for

the first child, while columns (3) and (4) show the results when we restrict the sample to the

treatments for the second IVF child. We find that when we focus on treatments related to the

first IVF child only, the IVF-education gradient is, at the margin, 5.54 percentage points higher for

high school graduates and 8.90 percentage points higher for college graduates with respect to high

school dropouts. This is the largest IVF-education gradient we report in this paper. This clearly

suggests that more-educated patients assimilate much better the new information about how to

succeed in IVF. However, if we focus on treatments related to the second IVF child only, then the

education gradient drastically declines to 2.09 percentage points for high school graduates and

to 4.49 percentage points for college graduates with respect to high school dropouts. Further,
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the gradient for high school graduates becomes insignificant. This unambiguously suggests that

the educational disparities in IVF success tend to vanish as the less-educated individuals catch up

with the IVF knowledge of the more-educated individuals. Hence, learning substantially matters in

explaining educational disparities in IVF success rates. Specifically, the better ability to assimilate

new IVF information by the more-educated patients accounts for almost two-thirds (i.e., (5.54

- 2.09)/5.54 = 62%) of the education gradient for high school graduates and about half (i.e.,

(8.90 - 4.49)/8.90 = 49%) of the education gradient for college graduates associated with the

first IVF child.

We conclude that differential learning rates across education groups (more-educated patients

assimilating IVF information better at prompt followed by an IVF knowledge catching-up process

by the less-educated patients) goes a long way in explaining education disparities in IVF success.

Here, we interpret learning as the ability to assimilate information related to the IVF procedure

and determinants of pregnancy and, hence, to adopting IVF technologies efficiently. For example,

it is likely that learning reflects dynamics intrinsic to the IVF process that we do not observe,

such as advice and information resulting from doctor-patient interactions (e.g., restrictions on

alcohol, coffee, and smoking, guidelines for the patient’s working environment, and on how much

to rest, lower stress, eat healthy, exercise, and so on) or simply the ability to follow doctors’

orders in terms of hormone intake or drug use (e.g., folic acid intake to reduce the risk of neural

tube defects or use of paracetamol30 instead of iboprufen as a painkiller because iboprufen is an

anti-inflammatory and when the utero receives the egg it is supposed to be inflammated).31 In

addition to the assimilation of new information, the ability to learn is likely to affect the intensity

(or desire) with which individuals seek new information inside and outside IVF clinics—perhaps

due to different subjective probabilities across education groups on the returns to information.32

Overall, this suggests that a cohesive interpretation of our results is that each education group

faces a different decision-making process depending on the group’s ability to both seek information

and assimilate it. Given our findings on the importance of learning as a mechanism underlying

the IVF-education gradient, it is natural to think that more-educated patients possibly have a

comparative advantage in both seeking and assimilating the arrival of new information.

30Paracetamol corresponds to the U.S. generic acetaminophen.
31See DANFERT (2009) for detailed IVF treatment guidelines. Some guidelines and advice are exclusive to

men to increase semen quality. This includes reducing the intake of sweeteners and avoiding the use of hot baths,
saunas, close-fitting pants, and heated car seats.

32Anecdotal evidence from IVF focus groups in England suggests that more-educated individuals tend to ask
substantially more questions of doctors than less-educated patients, a conjecture that we acknowledge deserves
further exploration. We thank Leandro De Magalhaes for this comment.
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6 Selection into IVF Participation

Not all infertile women who seek to have a child decide to undertake IVF treatment. This IVF

participation decision is likely to reflect monetary costs of IVF treatment, psychological costs,

preferences, and so on. Here, we analyze some of these determinants of IVF participation. First,

under the premise that education (and ability) is related less to wealth than to income, if a large

part of the education gradient is generated by learning abilities, as we find is the case, then

wealth will be less important than income in affecting IVF success. While not a determinant

of IVF success, it is likely that wealth affects the decision of IVF participation as it can allow

patients to go beyond the first three free treatments. We conjecture this is more likely the

case for patients who are aware of their low chance of IVF success. If such patients know it

is very likely they will need more than three treatments, they will need resources in the future.

Second, the utility benefits of (or preferences for) having one more child possibly decrease if one

or both of the spouses already have a child (from the current or previous marriages). Third, not

all municipalities in Denmark have an IVF clinic and hence, ceteris paribus, differences in the

decision to participate in IVF treatment can be generated by differential access to IVF clinics;

these transit costs can be of the monetary or psychological type.

For these reasons, we next study the education gradient and the determinants of IVF suc-

cess with a standard two-stage Heckman selection model that incorporates an IVF participation

equation. The IVF participation equation includes patient’s and spouse’s wealth, the number of

previous children by the patient, the number of previous children by the spouse, and a dummy

for the existence of a municipal IVF clinic as exclusionary restrictions.33

Table 11 shows the results for this selection. The sample size is now 8,178,598—that is, the

total number of women between ages 25 and 45 who are married or cohabitating with a man.

See column (1) and its margins in column (4) for the results for the determinants of IVF success.

The main finding is that the IVF-education gradient remains remarkably similar to when we do

not take the IVF participation decision into account. IVF patients with a high school degree have

a 4.40-percentage-point higher probability of a live birth than high school dropouts, and IVF

patients with a college degree have a 7.54-percentage-point higher probability than high school

dropouts. Recall that in the benchmark case these figures were 4.15 percentage points for high

school graduates and 7.28 percentage points for college graduates (note that we are referring to

the benchmark results with health status and diagnosed infertility causes controls; see column

(4) in Table 8). If we remove these health and infertility causes from the analysis, the selection

33Our exercise is analogous to that standard in the labor literature that estimates wage equations controlling
for selection of labor market participation.
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results also correspond to the associated benchmark case.34 The size of other coefficient estimates

remains stable and significant. The only difference is that the patient’s income is significantly

positive, whereas if participation is not explicitly modeled, it is positive but not significant.

Finally, the participation decision summarized by the selection equation in column (2) of

Table 11 is interesting in itself. We find no education gradient in terms of IVF participation. IVF

patients with a high school degree participate about 1.43 percentage points less often than high

school dropouts, and for patients with a college degree, participation is 4.65 percentage points

higher than high school dropouts.35 Participation for high school dropouts tends to decrease

with age by 2.97 percentage points per year of age; it decreases somewhat for high school

graduates as well but at a much lower rate: -2.97 + 2.34 = -0.63 percentage points per year

of age, while for college graduates this participation increases with age by -2.97 + 3.96 = 0.99

percentage points per year of age. Income-rich households and married couples are more likely

to participate in IVF. Labor market status tends to increase participation for all women (relative

to individuals who are in school) except those on leave. Regarding the exclusionary restrictions,

a patient’s wealth increases participation. Further, the number of previous children by patient

and spouse substantially decreases participation. Specifically, women’s (i.e., patients’) previous

children reduce participation by 46.7 percentage points, which is about twice the reduction implied

by men’s (i.e., spouses’) previous children, 22.5 percentage points. Finally, the presence of a

municipal IVF clinic decreases participation; this effect, however, is strongly positive if we reduce

the number of other explanatory variables.

Overall, the fact that our results regarding the determinants of IVF success are largely robust

to selection issues suggests that the decision to adopt IVF technology is arguably rather uncon-

strained in Denmark; that is, it is very likely that the vast majority of infertile women seeking to

have a child are able to undergo the IVF process.36

34In the online appendix we show the estimated IVF-education gradient for this selection model when we remove
the medical variables from the determinants of IVF success rates. Our results show that the IVF-education gradient
is robust to these alternative specifications of the benchmark model; see Tables A-1 and A-2.

35These marginal effects are computed using the estimates in column (2) of Table 11 evaluated at the average
values for age and years, that is:

∂ [IV F Participation]

∂ HS
= −0.244 + 0.0234 ∗ average(age) + 0.00513 ∗ average(year) = −0.0143,

∂ [IV F Participation]

∂ College
= −0.344 + 0.0396 ∗ average(age) + 0.00868 ∗ average(year) = 0.0465.

36Following our previous analogy with the labor market, and for comparison purposes, we know this is typically
not the case for the decision of labor market participation, which might indeed be constrained by aggregate labor
market conditions that increase involuntary unemployment.
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7 Conclusion

In our exercise, we investigated the education gradient associated with a well-established medical

technology, IVF. Using unique administrative Danish register data from 1995 to 2009, we have

found that the maternal education level significantly determines IVF success rates. IVF patients

with a college degree have a 5.85-percentage-point higher probability of attaining a live birth than

high school dropouts, whereas IVF patients with a high school degree have a 3.24-percentage-

point higher probability than high school dropouts. We then study different reasons education

might be related to IVF success. Our results suggest that the IVF-education gradient stands

robust to medical conditions and financial factors. That is, our results rule out differences in

previous health status and behavior and financial constraints (accessibility to IVF treatment)

as major mechanisms underlying the education gradient as they tend to not affect (or slightly

increase) the IVF-education gradient. This means, even if we eliminate health and financial

disparities across education groups, it is highly likely the education disparities in IVF success still

remain. Instead, we find that the ability of more-educated patients to more rapidly learn how to

adopt IVF technologies more efficiently largely explains the IVF-education gradient. Specifically,

our results imply that the differential learning rates across education groups account for 49% of

the IVF-education gradient of college graduates compared with high school dropouts and 62% of

the IVF-education gradient of high school graduates compared with high school dropouts.

Our results open a new set of questions. Our finding of the large quantitative importance of

learning suggests that education embeds individuals with something else beyond better health or

financial ease. In particular, we think that the most important factor in explaining the differences

in IVF success across education groups is that a higher level of education generates a better

capacity to both seek and assimilate information about the IVF process and the determinants of

pregnancy.37 We interpret this as indicating that more-educated fertility-challenged women solve a

different IVF choice problem than the one faced by less-educated mothers. These problems might

differ on (i) the perceptions (subjective probabilities) across education groups of the returns to

information (i.e., elasticities of learning with respect to information seeking or assimilating effort

37See Cutler et al. (2006) for a similar argument of the education gradient behind a wide set of non-IVF health
outcomes. There the diffusion of information on technological improvements is an argument called to explain
the changes in the education gradient in health. In the same line of argument, the more rapid adoption by
highly educated individuals of medical innovations and surgical treatmens for heart disease may help to explain
the widening of the mortality differentials by education groups in developed countries; see Feldman et al. (1989),
Preston and Elo (1995), Goldman and Smith (2005) and Elo (2009). Aizer and Stroud (2010) also find that
heterogeneous responses in smoking behavior across education groups—highly educated individuals respond faster
and stronger—to the first publicized report of the negative effects of smoking on health—the 1964 Report of the
Surgeon General on smoking and health. de Walque (2004) shows similar evidence for slightly earlier periods—after
1950—when information about the health implications of smoking started to diffuse.
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might be larger for more-educated patients) or (ii) the psychological costs associated with these

information-improving efforts across education groups—conjectures that we acknowledge deserve

further exploration, perhaps, under the lenses of a structural IVF-choice model. Further, we find

that the IVF-education gradient is increasing over time. What are the cause(s) for our observation

of a more-pronounced IVF-education gradient over time? In accordance with the importance of

learning, the increasing gradient over time might be due to an increase in the sophistication of IVF

treatments. In this context, an ideal resolution could involve the study of education disparities

regarding the ability to learn (seek and assimilate new information) about a specific technological

improvement in the IVF process. We are currently pursuing this line of research.38
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Figure 1: IVF Children (%), Fraction of All Births: Denmark (1995-2009)
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Figure 2: History of IVF Treatments in Public and Private Sectors: Denmark (1995-2009)

                             (a)  Initiated IVF Treatments                                                                    (b) Initiated IVF Treatments with Successful Egg Transfer 

 

 

                                             (c)  IVF Technological Progress                                                                                        
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Table 1: Free and unfree treatments in private and public sectors: Denmark (1995-2009, pooled
years)

Total Private (%) Public (%)

Free treatment 37,280 0.0 100.0
Unfree treatment 24,318 83.2 16.8

All 61,598 32.9 67.1

Table 2: Treatments in public sector by first three treatments and existing children: Denmark
(1995-2000, pooled years)

Total First 3 treatments (%) After first 3 treatments (%)

No child 37,561 99.25 0.75
Existing children 3,805 0.0 100.0

All public 41,366 90.1 9.9
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Table 3: Demographic Characteristics of IVF Patients: Denmark (1995 and 2009)

1995 2009

Mean SD Mean SD
Education:

Less than HS (%) 22.10 0.41 8.00 0.27
HS and some college (%) 48.78 0.50 42.99 0.50
College and higher degree (%) 29.12 0.45 49.00 0.50

Age 32.81 3.64 33.32 4.19

Married (%) 68.67 0.46 59.15 0.49

Number of children in HH 0.19 0.47 0.44 0.69

Treated in public hosp. (%) 62.49 0.48 63.64 0.48

Income:
Patient’s income 226.8 84.2 272.2 126.7
Spousal income 331.5 267.7 354.8 205.8

Employment status:
On leave (%) 3.29 0.18 2.56 0.16
Self-employed (%) 2.82 0.17 2.47 0.16
Employed (%) 82.72 0.38 86.11 0.35
Unemployed (%) 6.18 0.24 3.14 0.17
In school (%) 0.95 0.10 1.32 0.11
Out of labor force (%) 4.04 0.20 4.40 0.21

Sample size 2,946 4,773

Notes: Income is in thousands DKK. HS denotes high school and HH refers to household.
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Table 4: Demographic Characteristics of IVF Patients by Age Groups: Denmark (1995 and 2009)

1995 2009

≤ 30 (30,35] (35,40] >40 ≤ 30 (30,35] (35,40] >40

Education:
Less than HS (%) 23.01 22.34 21.11 13.73 9.15 7.67 7.2 8.14
HS and some college (%) 58.96 47.84 39.74 27.45 46.43 41.44 42.37 40.31
College and higher (%) 18.03 29.82 39.16 58.82 44.58 50.89 50.42 51.55

Age 28.48 32.88 37.27 42.16 28.43 32.95 37.65 42.16

Married (%) 66.95 70.62 68.41 64.71 53.66 62.62 60.08 57.36

Number of children in HH 0.08 0.19 0.29 0.63 0.2 0.47 0.57 0.85

Treated in public hosp. (%) 66.31 65.93 55.60 0 81.55 62.82 57.12 5.04

Income:
Patient’s income 206.7 229.9 242.3 267.1 220.5 274.1 295.3 311.9
Spousal income 304.7 332.1 336.9 686.8 313.4 362.2 379.3 405.5

Employment status:
On leave (%) 3.32 3.44 2.91 3.92 3.59 1.68 2.37 4.65
Self-employed (%) 1.66 3.81 2.18 3.92 1.46 2.39 3.56 3.49
Employed (%) 81.85 82.78 84.43 72.55 86.02 87.35 85.25 81.01
Unemployed (%) 7.47 5.49 6.11 3.92 2.86 3.4 2.97 3.49
In school (%) 1.9 0.51 0.73 0 2.27 1.07 0.76 0.78
Out of labor force (%) 3.8 3.96 3.64 15.69 3.81 4.11 5.08 6.59

Sample size 843 1,365 687 51 1,366 1,969 1,180 258

Notes: Income is in thousands DKK. HS denotes high school and HH refers to household.
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Table 5: Medical Conditions of IVF Patients: Denmark (1995 and 2009)

1995 2009

Mean SD Mean SD
General practitioner (GP) visits:

Average number of GP visits 9.44 7.94 9.24 7.20
Average cost of GP visits 661 618 832 673

Infertility causes:
Cervical defect (%) 0.40 0.06 4.40 0.21
Ovulation defect (%) 6.75 0.25 10.50 0.31
Fallopian tube defect (%) 59.50 0.49 11.19 0.32
Male causes (%) 23.73 0.43 50.64 0.50
Other causes (%) 11.84 0.32 54.68 49.70
Unspecified causes (%) 12.63 0.33 24.81 0.43

Average number of treatments 1.25 0.51 2.21 1.75

Live births (%) 24.40 0.43 28.12 0.45

Sample size 2,946 4,773
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Table 6: Medical Conditions of IVF Patients by Age Groups: Denmark (1995 and 2009)

1995 2009

≤ 30 (30,35] (35,40] >40 ≤ 30 (30,35] (35,40] >40
General practitioner (GP) Visits:

Average number of GP visits 9.68 9.68 8.76 7.84 9.93 9.06 8.94 8.42
Average cost of GP visits 684 674 617 511 880 820 812 768

Infertility causes:
Cervical defect (%) 0.59 0.29 0.29 0 4.83 4.72 4.07 1.16
Ovulation defect (%) 8.78 5.93 5.39 13.73 14.57 8.84 8.64 10.08
Fallopian tube defect (%) 54.33 61.61 63.46 35.29 9.44 12.14 11.44 12.02
Male causes (%) 25.98 23.44 21.54 23.53 53.22 52.11 48.9 33.72
Other causes (%) 11.86 10.84 11.79 39.22 55.93 56.63 53.56 38.37
Unspecified causes (%) 12.46 12.31 12.81 21.57 22.91 23.56 25.85 39.53

Average number of treatments 1.24 1.25 1.24 1.24 1.83 2.21 2.49 2.96

Live births (%) 26.69 27.11 17.75 3.92 31.92 30.88 22.8 11.24

Sample size 843 1,365 687 51 1,366 1,969 1,180 258
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Table 7: The Education Gradient in IVF Success Rates

LPM
Live Birth Obs. w/treatment # Margins of column(1)

(1) (2)

HS and some college 0.0293* 0.0324***
(1.845) (5.893)

College and higher degree 0.0440** 0.0585***
(2.557) (9.925)

Age -0.0137*** -0.0166***
(-12.86) (-37.70)

(HS and some college) X Age -0.00273**
(-2.255)

(College and higher degree) X Age -0.00413***
(-3.289)

Year -0.00326*** 7.95e-05
(-2.657) (0.166)

(HS and some college) X Year 0.00275*
(1.957)

(College and higher degree) X Year 0.00525***
(3.612)

Married -0.00645* -0.00645*
(-1.731) (-1.731)

Treated in public hospitals -0.0281*** -0.0281***
(-6.904) (-6.904)

Log total income in 2000 prices 0.00376 0.00376
(1.319) (1.319)

Log spousal income in 2000 prices 0.0106*** 0.0106***
(3.833) (3.833)

Labor market status:
On leave 0.103*** 0.103***

(4.283) (4.283)
Self-employment -0.0116 -0.0116

(-0.535) (-0.535)
Employed -0.0258 -0.0258

(-1.348) (-1.348)
Out of labor force -0.0545*** -0.0545***

(-2.717) (-2.717)
Unemployed -0.0566*** -0.0566***

(-2.770) (-2.770)
Constant 0.238***

(4.715)

Sample size 60,889 60,889
R2 0.025

Robust t-statistics in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
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Table 8: Robustness I: Health Status Controls

Live Birth Obs. w/treatment # Obs. w/treatment #
All treatments All treatments

Infertility controls Margins of column(1) Health controls Margins of column(3)
(1) (2) (3) (4)

HS and some college 0.0279* 0.0341*** 0.0402** 0.0415***
(1.760) (6.210) (2.555) (7.565)

College and higher degree 0.0386** 0.0604*** 0.0568*** 0.0728***
(2.246) (10.23) (3.334) (12.34)

Age -0.0134*** -0.0163*** -0.0126*** -0.0155***
(-12.58) (-36.86) (-11.83) (-35.00)

(HS and some college) X Age -0.00283** -0.00283**
(-2.338) (-2.346)

(College and higher degree) X Age -0.00410*** -0.00401***
(-3.260) (-3.201)

Year -0.00211* 0.00174*** -0.00165 0.00165***
(-1.701) (3.345) (-1.327) (3.091)

(HS and some college) X Year 0.00318** 0.00264*
(2.264) (1.884)

(College and higher degree) X Year 0.00602*** 0.00530***
(4.133) (3.650)

Married -0.00550 -0.00550 -0.00356 -0.00356
(-1.478) (-1.478) (-0.961) (-0.961)

Treated in public hospitals -0.0254*** -0.0254*** -0.0253*** -0.0253***
(-6.222) (-6.222) (-6.217) (-6.217)

Log total income in 2000 prices 0.00302 0.00302 0.00459 0.00459
(1.058) (1.058) (1.606) (1.606)

Log spousal income in 2000 prices 0.0115*** 0.0115*** 0.0129*** 0.0129***
(4.154) (4.154) (4.658) (4.658)

Labor market status:
On leave 0.111*** 0.111*** 0.0922*** 0.0922***

(4.625) (4.625) (3.847) (3.847)
Self-employment -0.00877 -0.00877 -0.00750 -0.00750

(-0.405) (-0.405) (-0.348) (-0.348)
Employed -0.0237 -0.0237 -0.0237 -0.0237

(-1.237) (-1.237) (-1.239) (-1.239)
Out of labor force -0.0545*** -0.0545*** -0.0738*** -0.0738***

(-2.712) (-2.712) (-3.684) (-3.684)
Unemployed -0.0551*** -0.0551*** -0.0648*** -0.0648***

(-2.695) (-2.695) (-3.181) (-3.181)
Infertility causes:

Ovulation defect 0.00687 0.00687 0.00460 0.00460
(1.019) (1.019) (0.688) (0.688)

Fallopian tube defect 0.0107* 0.0107* 0.00706 0.00706
(1.782) (1.782) (1.185) (1.185)

Cervical defect 0.0236 0.0236 0.0209 0.0209
(1.506) (1.506) (1.334) (1.334)

Male causes 0.0287*** 0.0287*** 0.0308*** 0.0308***
(6.150) (6.150) (6.600) (6.600)

Other causes -0.0502*** -0.0502*** -0.0501*** -0.0501***
(-9.036) (-9.036) (-9.069) (-9.069)

Unspecified causes -0.00375 -0.00375 -0.00459 -0.00459
(-0.538) (-0.538) (-0.664) (-0.664)

Number of GP services 0.0107*** 0.0107***
(14.70) (14.70)

Total cost of GP services -4.94e-05*** -4.94e-05***
(-5.465) (-5.465)

Constant 0.218*** 0.105**
(4.318) (2.082)

Sample size 60,889 60,889 60,889 60,889
R2 0.029 0.041

Robust t-statistics in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
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Table 9: Robustness II: Financial Factors

Live Birth Obs. w/treatment # Obs. w/treatment #
All treatments First 3 treatments
Health controls Margins of column(1) Health controls Margins of column(3)

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

HS and some college 0.0402** 0.0415*** 0.0496** 0.0514***
(2.555) (7.565) (2.528) (7.432)

College and higher degree 0.0568*** 0.0728*** 0.0554** 0.0862***
(3.334) (12.34) (2.477) (11.37)

Age -0.0126*** -0.0155*** -0.0121*** -0.0134***
(-11.83) (-35.00) (-8.176) (-21.08)

(HS and some college) X Age -0.00283** -0.00132
(-2.346) (-0.773)

(College and higher degree) X Age -0.00401*** -0.00184
(-3.201) (-0.993)

Year -0.00165 0.00165*** -0.00218 0.000117
(-1.327) (3.091) (-1.427) (0.165)

(HS and some college) X Year 0.00264* 0.00122
(1.884) (0.704)

(College and higher degree) X Year 0.00530*** 0.00486***
(3.650) (2.605)

Married -0.00356 -0.00356 -0.000547 -0.000547
(-0.961) (-0.961) (0.116) (-0.116)

Treated in public hospitals -0.0253*** -0.0253***
(-6.217) (-6.217)

Log total income in 2000 prices 0.00459 0.00459 0.00583 0.00583
(1.606) (1.606) (1.415) (1.415)

Log spousal income in 2000 prices 0.0129*** 0.0129*** 0.0127*** 0.0127***
(4.658) (4.658) (3.180) (3.180)

Labor market status:
On leave 0.0922*** 0.0922*** 0.137*** 0.137***

(3.847) (3.847) (4.294) (4.294)
Self-employment -0.00750 -0.00750 -0.0184 -0.0184

(-0.348) (-0.348) (-0.664) (-0.664)
Employed -0.0237 -0.0237 -0.0369 -0.0369

(-1.239) (-1.239) (-1.554) (-1.554)
Out of labor force -0.0738*** -0.0738*** -0.0944*** -0.0944***

(-3.684) (-3.684) (-3.779) (-3.779)
Unemployed -0.0648*** -0.0648*** -0.0678*** -0.0678***

(-3.181) (-3.181) (-2.660) (-2.660)
Infertility causes:

Ovulation defect 0.00460 0.00460 -0.00610 -0.00610
(0.688) (0.688) (-0.680) (-0.680)

Fallopian tube defect 0.00706 0.00706 0.0130* 0.0130*
(1.185) (1.185) (-1.670) (-1.670)

Cervical defect 0.0209 0.0209 0.00422 0.00422
(1.334) (1.334) (0.222) (0.222)

Male causes 0.0308*** 0.0308*** 0.174*** 0.174***
(6.600) (6.600) (2.803) (2.803)

Other causes -0.0501*** -0.0501*** -0.0524*** -0.0524***
(-9.069) (-9.069) (-7.137) (-7.137)

Unspecified causes -0.00459 -0.00459 -0.00863 -0.00863
(-0.664) (-0.664) (-0.977) (-0.977)

Number of GP services 0.0107*** 0.0107*** 0.0129*** 0.0129***
(14.70) (14.70) (13.58) (13.58)

Total cost of GP services -4.94e-05*** -4.94e-05*** -6.10e-05*** -6.10e-05***
(-5.465) (-5.465) (-5.234) (-5.234)

Constant 0.105** 0.0827
(2.082) (1.190)

Sample size 60,889 60,889 46,658 46,658
R2 0.041 0.039

Robust t-statistics in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
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Table 10: Robustness III: Disparities in Learning

Live Birth Obs. w/treatment # Obs. w/treatment #
First IVF child Second IVF child
Health controls Margins of column(1) Health controls Margins of column(3)

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

HS and some college 0.0488*** 0.0554*** -0.0134 0.0209
(2.595) (8.267) (-0.185) (1.026)

College and higher degree 0.0707*** 0.0890*** -0.0353 0.0449**
(3.459) (12.35) (-0.472) (2.130)

Age -0.0120*** -0.0141*** -0.0153*** -0.0155***
(-8.790) (-25.86) (-3.316) (-9.662)

(HS and some college) X Age -0.00169 -0.000213
(-1.100) (-0.0417)

(College and higher degree) X Age -0.00337** -0.000343
(-2.122) (-0.0662)

Year -0.00226 0.000657 -0.00120 0.00410*
(-1.488) (1.024) (-0.198) (1.806)

(HS and some college) X Year 0.00216 0.00356
(1.268) (0.548)

(College and higher degree) X Year 0.00488*** 0.00820
(2.761) (1.252)

Married -0.00776* -0.00776* -0.00980 -0.00980
(-1.769) (-1.769) (-0.689) (-0.689)

Treated in public hospitals 0.0193*** 0.0193*** -0.0781*** -0.0781***
(3.401) (3.401) (-5.919) (-5.919)

Log total income in 2000 prices 0.00666* 0.00666* 0.00473 0.00473
(1.782) (1.782) (0.599) (0.599)

Log spousal income in 2000 prices 0.0101*** 0.0101*** 0.0233*** 0.0233***
(2.947) (2.947) (2.853) (2.853)

Labor market status:
On leave 0.0883*** 0.0883*** 0.0904 0.0904

(2.889) (2.889) (1.378) (1.378)
Self-employment -0.0267 -0.0267 0.0990 0.0990

(-1.018) (-1.018) (1.456) (1.456)
Employed -0.0443* -0.0443* 0.0610 0.0610

(-1.920) (-1.920) (1.027) (1.027)
Out of labor force -0.103*** -0.103*** -0.0129 -0.0129

(-4.224) (-4.224) (-0.205) (-0.205)
Unemployed -0.0829*** -0.0829*** 0.0141 0.0141

(-3.346) (-3.346) (0.223) (0.223)
Infertility causes:

Ovulation defect -8.69e-05 -8.69e-05 0.0483** 0.0483**
(-0.0110) (-0.0110) (1.963) (1.963)

Fallopian tube defect -0.00701 -0.00701 0.0292 0.0292
(-0.980) (-0.980) (1.341) (1.341)

Cervical defect 0.0183 0.0183 0.0584 0.0584
(1.048) (1.048) (0.938) (0.938)

Male causes 0.0220*** 0.0220*** 0.0578*** 0.0578***
(3.860) (3.860) (3.646) (3.646)

Other causes -0.0514*** -0.0514*** -0.0584*** -0.0584***
(-7.656) (-7.656) (-3.095) (-3.095)

Unspecified causes -0.00593 -0.00593 -0.0311 -0.0311
(-0.724) (-0.724) (-1.182) (-1.182)

Number of GP services 0.0123*** 0.0123*** 0.0116*** 0.0116***
(13.45) (13.45) (4.550) (4.550)

Total cost of GP services -5.42e-05*** -5.42e-05*** -7.30e-05** -7.30e-05**
(-4.782) (-4.782) (-2.473) (-2.473)

Constant 0.0836 -0.0271
(1.328) (-0.171)

Sample size 41,507 41,507 6,050 6,050
R2 0.044 0.049

Robust t-statistics in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
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Table 11: The Education Gradient in IVF Success Rates: Selection Equation

Live Birth Obs. w/treatment # Selection
Health controls IVF Participation Mills Margins of column(1)

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

HS and some college 0.0475*** -0.244*** 0.0440***
(3.370) (-20.57) (8.107)

College and higher degree 0.0699*** -0.344*** 0.0754**
(4.554) (-26.39) (13.00)

Age -0.0131*** -0.0297*** -0.0154***
(-11.61) (-40.06) (-33.81)

(HS and some college) X Age -0.00212* 0.0234**
(-1.687) (27.69)

(College and higher degree) X Age -0.00347*** 0.0396***
(-2.659) 44.66

Year 0.000349 0.00944*** 0.00260***
(0.311) (9.505) (5.558)

(HS and some college) X Year 0.00160 0.00513***
(1.279) (4.551)

(College and higher degree) X Year 0.00395*** 0.00868***
(3.056) (7.383)

Married 0.000938 0.322*** 0.000938
(0.256) (89.70) (0.256)

Treated in public hospitals -0.0164*** -0.0164***
(-4.509) (-4.059)

Log total income in 2000 prices 0.00674** 0.0782*** 0.00674**
(2.277) (23.67) (2.277)

Log spousal income in 2000 prices 0.0131*** 0.129*** 0.0131***
(4.681) (42.23) (4.681)

Labor market status:
On leave 0.0772*** -0.0574*** 0.0772***

(3.650) (-3.028) (3.650)
Self-employment -0.00526 0.183*** -0.00526

(-0.264) (10.01) (-0.264)
Employed -0.0202 0.184*** -0.0202

(-1.148) (11.54) (-1.148)
Out of labor force -0.0687*** 0.143*** -0.0687***

(-3.681) (8.423) (-3.681)
Unemployed -0.0642*** 0.281*** -0.0642***

(-3.403) (16.35) (-3.403)
Infertility causes:

Ovulation defect 0.00183 0.00183
(0.291) (0.291)

Fallopian tube defect 0.00213 0.00213
(0.416) (0.416)

Cervical defect 0.0233 0.0233
(1.581) (1.581)

Male causes 0.0271*** 0.0271***
(6.119) (6.119)

Other causes -0.0549*** -0.0549***
(10.49) (10.49)

Unspecified causes -0.00658 -0.00658
(-1.008) (-1.008)

Number of GP services 0.0119*** 0.00661*** 0.0119***
(18.27) (13.52) (18.27)

Total cost of GP services -6.18e-05*** -7.86e-06*** -6.18e-05***
(-7.738) (-1.319) (-7.738)

λ 0.0180***
(3.517)

Wealth 2.44e-09***
(2.803)

Spouse wealth 5.75e-10
(1.202)

Number of prev. children (mother) -0.467***
(-147.9)

Number of prev. children (father) -0.225***
(-77.15)

Municipal IVF clinic (Y/N) -0.0508***
(-14.87)

Constant 0.00522 -4.452***
(0.0935) (-86.35)

Sample size 8,178,598 8,178,598 8,178,598 67,684
R2

Robust t-statistics in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
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A Selection Model without Medical Variables in the Determination of
IVF Success Rates

This section shows the selection model when we remove the medical variables from the determinants of IVF
success rates. First, we remove the GP variables from the set of determinants of IVF success rates (see the results
in Table A-1). Second, we also remove infertility diagnoses variables from the set of determinants of IVF success
rates (see Table A-2).
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Table A-1: The IVF-Education Gradient: Without GP Variables in Determination of IVF Success
Rates

Live Birth Selection
Obs. w/treatment # IVF Participation Mills Margins of column(1)

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

HS and some college 0.0336** -0.249*** 0.0376***
(2.374) (-21.02) (6.895)

College and higher degree 0.0495*** -0.353*** 0.0649***
(3.205) (-27.12) (11.15)

Age -0.0144*** -0.0305*** -0.0165***
(-12.69) (-41.22) (-35.90)

(HS and some college) X Age -0.00185 0.0233***
(-1.463) (27.55)

(College and higher degree) X Age -0.00312** 0.0394***
(-2.376) (44.53)

Year -0.000488 0.00951*** 0.00238***
(-0.435) (9.604) (5.213)

(HS and some college) X Year 0.00222* 0.00528***
(1.764) (4.680)

(College and higher degree) X Year 0.00478*** 0.00898***
(3.678) (7.622)

Married 0.000761 0.323*** 0.000761
(0.206) (90.05) (0.206)

Treated in public hospitals -0.0143*** -0.0143***
(-3.511) (-3.511)

Log total income in 2000 prices 0.00591** 0.0773*** 0.00591**
(1.982) (23.74) (1.982)

Log spousal income in 2000 prices 0.0129*** 0.128*** 0.0129***
(4.574) (41.97) (4.574)

Labor market status:
On leave 0.0912*** -0.0375** 0.0912***

(4.287) (-1.983) (4.287)
Self-employment -0.00593 0.181*** -0.00593

(-0.296) (9.898) (-0.296)
Employed -0.0196 0.184*** -0.0196

(-1.106) (11.56) (-1.106)
Out of labor force -0.0483** 0.174*** -0.0483**

(-2.573) (10.27) (-2.573)
Unemployed -0.0535*** 0.292*** -0.0535***

(-2.818) (17.01) (-2.818)
Infertility causes:

Ovulation defect 0.00497 0.00497
(0.787) (0.787)

Fallopian tube defect 0.00637 0.00637
(1.141) (1.141)

Cervical defect 0.0272* 0.0272*
(1.834) (1.834)

Male causes 0.0256*** 0.0256***
(5.725) (5.725)

Other causes -0.0549*** -0.0549***
(-10.42) (-10.42)

Unspecified causes -0.00484 -0.00484
(-0.736) (-0.736)

Number of GP services No No No

Total cost of GP services No No No

λ 0.0277***
(5.360)

Wealth 2.23e-09**
(2.495)

Spouse wealth 5.80e-10
(1.168)

Number of prev. children (mother) -0.463***
(-146.5)

Number of prev. children (father) -0.226***
(-77.28)

Municipal IVF clinic (Y/N) -0.0529***
(-15.50)

Constant 0.0756 -4.459***
(1.348) (-85.50)

Sample size 8,178,598 8,178,598 8,178,598 67,684
R2

Robust t-statistics in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
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Table A-2: The IVF-Education Gradient: Without GP and Infertility Diagnoses Variables in
Determination of IVF Success Rates

Live Birth Selection
Obs. w/treatment # IVF Participation Mills Margins of column(1)

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

HS and some college 0.0364** -0.249*** 0.0300***
(2.562) (-21.02) (4.597)

College and higher degree 0.0554*** -0.353*** 0.0514***
(3.585) (-27.12) (7.543)

Age -0.0145*** -0.0305*** -0.0164***
(-12.80) (-41.22) (-34.82)

(HS and some college) X Age -0.00182 0.0233***
(-1.438) (27.55)

(College and higher degree) X Age -0.00328** 0.0394***
(-2.496) (44.53)

Year -0.000151 0.00951*** 0.000456***
(-1.361) (9.604) (1.604)

(HS and some college) X Year 0.00168 0.00528***
(1.338) (4.680)

(College and higher degree) X Year 0.00398*** 0.00898***
(3.062) (7.622)

Married -0.000858 0.323*** -0.000858
(0.232) (90.05) (0.232)

Treated in public hospitals -0.0169*** -0.0169***
(-4.181) (-4.181)

Log total income in 2000 prices 0.00637** 0.0773*** 0.00637**
(2.134) (23.74) (2.134)

Log spousal income in 2000 prices 0.0118*** 0.128*** 0.0118***
(4.191) (41.97) (4.191)

Labor market status:
On leave 0.0838*** -0.0375** 0.0838***

(3.933) (-1.983) (3.933)
Self-employment -0.00949 0.181*** -0.00949

(-0.472) (9.898) (-0.472)
Employed -0.0220 0.184*** -0.0220

(-1.245) (11.56) (-1.425)
Out of labor force -0.0487*** 0.174*** -0.0487***

(-2.588) (10.27) (-2.588)
Unemployed -0.0557*** 0.292*** -0.0557***

(-2.927) (17.01) (-2.927)
Infertility causes:

Ovulation defect No No

Fallopian tube defect No No

Cervical defect No No

Male causes No No

Other causes No No

Unspecified causes No No

Number of GP services No No No

Total cost of GP services No No No

λ 0.0248***
(4.820)

Wealth 2.23e-09**
(2.495)

Spouse wealth 5.80e-10
(1.168)

Number of prev. children (mother) -0.463***
(-146.5)

Number of prev. children (father) -0.226***
(-77.28)

Municipal IVF clinic (Y/N) -0.0529***
(-15.50)

Constant 0.101* -4.459***
(1.812) (-85.50)

Sample size 8,178,598 8,178,598 8,178,598 67,684
R2

Robust t-statistics in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
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