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SUMMARY
For the 10% to 15% of American married couples who experience reproductive problems, in vitro fertilization (IVF) is
the leading technologically advanced treatment procedure. However, IVF’s expense may prevent many couples from re-
ceiving treatment, and those who are treated may take an overly aggressive approach to reduce the probability of failure.
Aggressive treatment, which occurs through an increase in the number of embryos transferred during IVF, can lead
to medically dangerous multiple births. We evaluated the principle policy proposal—insurance mandates—for improving
IVF access and outcomes. We used data from US markets during 1995–2003 to show that broad insurance mandates for IVF
result in not only large increases in treatment access but also significantly less aggressive treatment. More limited insurance
mandates, which may apply to a subset of insurers or provide weaker guidelines for insurer behavior, generally have little effect
on IVF markets. Copyright © 2011 John Wiley & Sons, Ltd.
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1. INTRODUCTION

An estimated 10% to 15% of American married couples with a wife of reproductive age are infertile, where
infertility is defined as the the inability to become pregnant after 12 months of trying to conceive without
contraception (Stephen and Chandra, 2000). For these 5 million couples, infertility treatment can include simple
medical advice or ovulation drugs or the use of an assisted reproductive technology (ART) procedure such as
in vitro fertilization (IVF). Currently, virtually all ART treatments are IVF, and in 2003 IVF accounted for
1% of all births in the United States. Despite being the most technologically advanced infertility treatment,
IVF is often unsuccessful and also may be quite expensive. Each attempted treatment typically entails an
out-of-pocket cost of $10,000 to $15,000 to the patient, with only a 25% to 30% chance of success (a birth).
Patients often attempt multiple cycles of treatment; Malizia et al. (2009) studied one infertility clinic and found
that over half of the patients continue treatment until a birth. An additional feature of infertility treatment
is the chance of multiple births, which may be viewed as a characteristic of both the medical procedure
and the incentives faced by treated patients. ART multiple birth rates are currently around 30% per delivery,
whereas the natural rate is 2%. This is seen as an important deficiency of ART, as multiple births can be medically
dangerous and socially expensive.

In this article, we study the primary policy intervention—insurance mandates—that US states have used to
address ART access and treatment outcomes. Private insurance coverage of ART is rare, but some states have
mandated that insurers provide coverage for infertility treatment. The mandates vary in their scope, with
some requiring that all insurers cover ART, whereas others mandate coverage for lower-technology treatments
or require that insurers merely offer plans that include ART coverage. The more generous mandates are
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designed to affect treatment patterns in several ways. First, they have the goal of expanding access to ART for
patients who cannot afford to pay out of pocket for treatment. Advocacy groups and some lawmakers have ar-
gued that infertility is a medical condition, and couples with unfavorable fertility characteristics should not bear
extraordinary costs to receive medical care (Fidler and Bernstein, 1999). Second, by reducing financial pressure
on patients to obtain success during their first attempt at IVF, the mandates may reduce multiple births risks.
Patients and their doctors choose the number of embryos to implant during a treatment, with a greater number
of embryos providing both a higher birth probability and a higher chance of a multiple birth.

We perform our main analysis on annual clinic- and market-level data during the years 1995–2003. For each
market (i.e. metropolitan area), we compute the population share under each of three observed insurance
regulations. These mandates include a “universal” mandate that all insurers must cover ART, a “restricted”
mandate that some specified types of insurers must cover ART, and “other” laws that involve insurance for
infertility treatment but do not require ART coverage. For example, the other mandate law may require that
insurers offer coverage for ART treatment. In addition to insurance regulations, a market’s IVF activity
and outcomes are likely affected by the characteristics of the local population and the structure and attributes
of local IVF clinics. In our analysis, we use an extensive set of variables to control for these characteristics. In
addition, we address directly whether a state’s insurance mandates can be treated as exogenous with respect to
unobserved factors that may also affect IVF activity. We use data on state demographics and pre-mandate
infertility treatments to show that variations in the insurance regulations of states are largely due to governing
tastes and not unobserved preferences for ART.

We find that universal insurance mandates lead to a substantial increase in IVF usage in a market. The other
types of insurance mandates do not have as large an effect. We use data on birthrates, controlling for treatment
technology and aggressiveness, to conclude that the new patients drawn to IVF by universal mandates are
generally less fertile than patients in markets without insurance mandates. This suggests that the policies
are successful in opening treatment to couples with severe medical needs. Despite the reduction in selected
innate fertility, patients in universal mandate markets reduce the number of embryos they receive during treatment.
This is significant because less fertile patients require additional embryos to achieve a given birth probability, so
the observed reduction in embryos implies that the mandates have shifted patients’ incentives to pursue aggressive
treatment. The reduction in embryos yields a significant reduction in the frequency of triplet pregnancies
in universal mandate markets, although twin pregnancies are unchanged. The other demographic variables
have some intuitive relationships with IVF outcomes—for example, treatment is more common in markets
with a greater percentage of women with graduate degrees—but in general, no market characteristics have
the consistently strong effect of universal insurance mandates. One result of particular interest is that markets
with more clinics are not associated with more aggressive embryo transfers or greater risks of multiple births,
which could occur if competition among clinics drove doctors to attempt to inflate their birthrates with the goal
of attracting more patients (Bergh et al., 1999; Wells, 1999; Kolata, 2002).

Our analysis of IVF and insurance mandates extends the literature in several ways. This is due to two
features of our analysis: our consideration of insurance mandates’ exogeneity and our market-level panel data.
The former allows us to go beyond studies that use difference-in-differences approaches to examine state-level
reproductive trends before and after the passage of insurance mandates, which generally predate the availability
of IVF clinic data. Using this state-level approach, Schmidt (2007) and Bitler (2008) used vital Statistics and
detailed natality data to investigate the effect of insurance mandates for ART on population-level birthrates and
infant health outcomes, respectively. Schmidt (2005) and Bitler and Schmidt (2006) further considered how
mandates have differentially affected women by race and age. Bundorf, Henne, and Baker (2007) used a similar
analytical approach to study insurance mandates’ effects on overall fertility and multiple birth rates. These
studies that use state-level panel data generally find that insurance mandates have their strongest effects
on women who are 30 or 35years and older. Outside the state-level difference-in-differences approach,
Jain et al. (2002) used a single year of clinic data, aggregated to the state level, to compare the number of
IVF treatment cycles and outcomes in insurance mandate states to those in nonmandate states, whereas
Henne and Bundorf (2008) took a similar approach with clinic data from 1990 to 2001 to examine trends
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across states (by insurance mandates) in IVF access, birthrates, and multiple births. These articles report that
universal mandates have large effects on clinic activity. Our article is closely related to Henne and Bundorf
(2008), but we extend the analysis by offering a discussion of policy exogeneity, market-level (rather than
state-level) analysis, and the more incentive-oriented measures of embryos and multiple gestations. The length
and the detail of our market-level panel also allow us to extend the results of Steiner et al. (2005) and Henne and
Bundorf (2010), who found that competition in IVF markets is not associated with higher multiple birthrates.

The remainder of the article has the following structure. In Section 2, we provide background information
on the medical aspects of IVF procedures, and we also sketch a model of patient treatment and selection
to provide intuition for our empirical analysis. Section 3 contains a description of our data, plus evidence on
whether insurance mandates can be treated as exogenous. In Section 4, we describe our empirical models and
present our main results. Section 5 concludes.

2. ART AND IVF

2.1. What happens during an IVF cycle?

An individual or couple seeking infertility treatment generally begins with medical tests and advice on
how to get pregnant without additional medical intervention. The next step is usually infertility drugs
to stimulate egg production, for which the couple pays several hundred dollars out of pocket. If these
simple and relatively inexpensive treatment methods are unsuccessful or if the woman’s reproductive window
is closing due to her age, an ART procedure may be recommended by the doctor or demanded by the patient.1

ART is the only type of infertility treatment that includes the deliberate creation of an embryo outside a
woman’s body. During most forms of ART including IVF, eggs are surgically removed from a woman’s ova-
ries and combined with sperm in the laboratory, and embryos (fertilized eggs) are returned to the woman’s body
or donated to another recipient. The dominant type of ART used in the United States is IVF. Some clinics also
use less advanced forms of ART, such as gamete intrafallopian transfer and zygote intrafallopian transfer,
which are both more invasive than IVF and less frequently successful. The use of these alternatives to IVF
peaked around 1990, and they are now almost completely absent from ART market.

Events within a typical cycle of IVF treatment are illustrated in Figure 1. A woman first receives drugs that
stimulate egg production. Although there are broad guidelines for recommended drug dosages to yield the
optimal quantity and quality of eggs, the dosage received may vary by physician and patient. During this
period, the woman visits the fertility clinic frequently to monitor egg development. If the ovarian response is
deemed to be insufficient, the physician and patient may choose to cancel the cycle. If the cycle is not terminated,
the patient then undergoes surgery to retrieve the eggs for insemination in the laboratory. Although the
sperm and the egg simply may be placed together to achieve fertilization, a more advanced technique
known as intracytoplasmic sperm injection (ICSI) may be used.2 With ICSI, a single sperm is injected directly
into the egg, and the procedure is associated with an increased probability of successful fertilization, particu-
larly for couples with male factor infertility. The use of ICSI generally adds $900–$1200 to the $10,000–
$15,000 in expenses from the other steps of an IVF cycle. The drugs that are required during IVF account
for approximately $3000 of this expense, and these drugs are an out-of-pocket cost to the patients even if
insurance coverage is present.

The embryos are then cultured in the laboratory for 2 to 6 days as the cells begin to divide. A laboratory
technician grades the quality of the embryos, and a decision is made as to when embryos should be

1Infertility drugs alone are lower-quality treatment than IVF in two ways. First, per-egg success probabilities are lower because fertilization
is not assisted. Second, the variance in the multiplicity of embryos is higher because the drugs may generate a large number of eggs avail-
able for fertilization. The relatively low price of drug treatment combined with the high variance in multiple birth risk leads to the unfor-
tunate coincidence of low income families and dangerously high-order pregnancies.

2Hamilton and McManus (2005) provided evidence that ICSI diffused first to competitive markets.
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transferred into the patient’s uterus. In addition, the patient and her doctor must decide how many embryos
will be transferred on the basis of embryo quality. This is perhaps the most important decision made by
the doctor and the patient during the IVF treatment cycle. Increasing the number of embryos to transfer
increases the likelihood of pregnancy. However, it also raises the likelihood of multiple gestation, which
is associated with higher miscarriage rates and lower birth weights. If the patient has a large number of
high-quality embryos and the laboratory is adept at culturing the embryos, the physician may delay the
transfer until day 5 or 6. At this point, there is more information as to which embryos are the most viable; this
allows the physician to transfer fewer embryos and minimize the multiple pregnancy risk for a given
birthrate. Otherwise, the transfer is made more quickly following fertilization. A high-quality ART clinic
will transfer fewer embryos and have a lower rate of multiple births while still maintaining a high pregnancy
and birthrate. A low-quality clinic might transfer more embryos and have more multiple births to raise its birthrate.
Of course, differences in patients’ innate fertility characteristics and their effect on sorting across clinics
will complicate cross-clinic comparisons in practice.

The possibility of multiple births is a central issue in the social benefits and costs of IVF. Hidlebaugh et al.
(1997) calculated the mean medical cost of delivering a singleton baby to be $9329, whereas a set of twins costs
$20,318, and triplets have a delivery expense of $153,335. Doctors typically describe a healthy singleton
pregnancy and birth as the best possible outcome of an IVF treatment, although many patients do not
consider twins to be worse than a singleton birth in terms of medical risk, family responsibilities, or overall
goals for family size. In fact, some may prefer twins to a singleton (Pinborg et al., 2003). Many of the immediate
health costs of high-order births are paid by insurers, so moral hazard could influence patients’ and clinics’
choices on treatment intensity.

2.2. Treatment choices and patient selection

Many factors simultaneously affect the choices of ART clinics and their potential patients. To fix ideas about
patient characteristics and their choices within treatment, we describe innate patient fertility as ranging from a
lower limit,

�
F, to an upper limit, eF. All couples have a personal value of F 2 ½

�
F; eF�, with couples near eF having

little trouble bearing children, whereas couples near
�
F experience extreme difficulty with reproduction. Let N

denote attempted natural conception and A denote the use of ART. A couple’s natural probability of
conception is f(F,N), with fF>0, whereas the probability of conception with ART is f(F,A)>f(F,N).
For prospective patients at the bottom of the fertility distribution, we conjectured fð

�
F;AÞ � fð

�
F;NÞ � 0,

whereas highly fertile couples have f eF;A� � � f eF;N� � � 1. Suppose that couples attempting conception
maximize the simple objective function U(t|F)=f(F, t)�pt by choosing the reproductive “technology” t2{A,N}.
The price of ART, pA, is large relative to the price of natural conception, pN. Given these relative prices and
our assumptions about f, couples with very high or very low natural fertility will opt out of treatment. Let
FL represent the lowest value of F such that ART is the preferred option, and likewise let FU be the highest
value of F such that a couple uses ART. If the difference between the success probabilities, f(F,A)�f(F,N),
is single peaked in F, then all couples with values of F in [FL,FU] receive IVF, with

�
F < FL < FU < eF

This sorting pattern is illustrated in Figure 2. In a related working paper (Hamilton and McManus, 2003), we
provide a more rigorous analysis of patients and clinics’ decisions under parametric assumptions of couples’
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Figure 1. Treatment timeline
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utility functions and clinics’ treatment technologies. The discussion here is an overview of the main results
from the working paper.

The values of the thresholds FL and FU are affected by the effectiveness of the treatment technology and its
price. For a fixed ART technology f(�,A), as price decreases, we expect FL to decrease as more low-fertility
patients are willing to risk failure within ART, whereas FU increases as more couples with relatively high
fertility feel less pressure to wait for natural conception to be successful. The price reductions that draw more
patients into the market can be due to an expansion in insurance benefits or increased competition among
clinics.3 Changes to the fertility mix of patients participating in the market will affect success rates, holding
fixed the treatment technology. For example, if a price reduction substantially decreases FL while FU remains
relatively constant, this expansion of treatment will result in an apparent decline in IVF success rates as the
patients drawn into the market pull down the average. In our empirical analysis, we confirm that insurance
mandates can have the predicted “price effect” of expanding treatment in a market. Further, we interpret
estimated changes in IVF success probabilities (i.e. birth rates), controlling for treatment technology
and choices, as an indication of the changing average fertility characteristics of the treated population.

Now consider how different couples may make different choices about the number of embryos to transfer
during treatment. Additional embryos are typically available for transfer at zero marginal cost (and price).
Couples who take treatment with low natural fertility (near FL) are likely to have the most to gain from
transferring additional embryos. These couples have both the lowest chance of a birth from an individual
embryo and the lowest multiple birth risk from any fixed number of embryos. Holding fixed the trade-offs
couples are willing tomake between the chance of any birth success versus the chance of multiple births, we expect
that when the treated population expands through a reduction in FL, the average number of embryos transferred
would also increase. Similarly, an expansion in treatment primarily through an increase in FU would reduce
embryo transfers, ceteris paribus. In practice, treated couples with relatively high fertility often receive two
embryos during treatment. Although this entails some multiple birth risk, the probability of a dangerously
high-order birth is rare. In contrast, low fertility couples (near FL) have received, historically, four or five
embryos. In most cases, these embryos yield zero births, but triplets or quadruplets are also possible.

The simple intuition above on embryo transfers is likely to be incomplete, however, because ART prices
have important dynamic implications that affect choices within treatment. One reason an infertile couple will
take a high number of embryos is because it is costly to fail treatment and pay for another round of IVF. When
the price of treatment is substantially reduced, perhaps through insurance coverage, even low fertility patients
who are drawn into the market can “afford” a relatively small number of embryos. The effect of prices on
dynamic treatment strategies may also provide an additional benefit of competition among IVF clinics.
Through reducing prices, competition may reduce multiple birth rates because patients do not feel as
much pressure to maximize the success probability of their first treatment.

Overall, the theoretical effects of a reduction in treatment prices on embryo transfers and multiple birth risk
are ambiguous because the effects depend on both the fertility characteristics of new patients drawn into the

3Schmittlein and Morrison (2003) provided a theoretical analysis of the marketing and pricing strategies of IVF clinics.
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market and how prices affect decisions on embryo choice. However, once we have estimated changes to
patients’ fertility using the approach described above, we can empirically resolve some of this ambiguity.
We empirically investigate whether embryo transfer rates rise or fall for less fertile women who come into
the IVF market due to insurance mandates. Evidence confirming the latter effect—a negative correlation
between fertility and embryo transfers—supports the intuition above on dynamic treatment incentives and
also confirms a primary goal of IVF insurance regulations. In addition, we measure the overall effect of
shifted embryo transfer choices and patient fertility on multiple birth probabilities.

3. DATA ON ART MARKETS AND CLINICS

Our data on ART clinics cover two distinct periods and come from two sources. The primary data, which cover
the years 1995–2003, are clinic-level treatment statistics that are available from the Centers for Disease Control
and Prevention. These data contain treatment and outcome information within several patient age categories,
and we use these data for our main analysis. We focus entirely on treatments that use fresh, nondonor eggs,
which account for 90% of all IVF cycles during 1995–2003.

We supplemented the primary data with additional information on clinic activity during 1987. These
secondary data were the result of a congressional subcommittee hearing led by US Representative Ron
Wyden in 1989 and were provided to us by the Society for Assisted Reproductive Technology (SART).
Although the 1987 sample does not contain information on embryo transfer or multiple gestation rates,
we show below that the data provide useful evidence that insurance mandate laws may be treated as
exogenous. During both periods, clinic reporting was required by federal law, so we treat the data as
exhaustive for all US clinics during 1987 and 1995–2003.

We supplemented each clinic data set with contemporary data on market characteristics. We use demo-
graphic data from the US Census Bureau. Many demographic variables are observed annually, but in some
cases we have data from 2000 only or both 1990 and 2000. When data are available from both decennial
censuses but not during the years between them, we use linear interpolation to fill in the data for the missing
years. Our information on ART mandates were from Schmidt (2007) and Resolve: The National Infertility
Association. Finally, we use medical wage data from the Centers for Medicare and Medicaid Studies
and information on the Certificate of Need (CON) laws of states from the Missouri CON Program.

Table I. ART regulations

Yeara Yeara Include ART? Cover or offer?

Universal mandate Other infertility treatment regulation
Illinois 1991 Connecticut 1989 Yes Offer
Massachusetts 1987 Texas 1987 Yes Offer
Rhode Island 1989 California 1989 No Offer

Louisiana 2001 No Cover
Restricted mandate New York 1990 No Cover
Arkansas 1987
Hawaii 1987
Maryland 1985
Montanab 1987
New Jersey 2001
Ohioc 1991–1997
West Virginiac 1977–2001

A universal mandate requires that all insurers must cover ART treatments. A restricted mandate requires that some specified types of
insurers must cover ART treatments. States with other regulations have insurance regulations on ART or other infertility treatments but
do not require coverage of ART.
aYear that the regulation was passed or repealed. We assume that the regulatory changes became effective during the following year.
bThe extent of Montana’s law is untested because there has never been an ART clinic in the state.
cOhio and West Virginia updated their regulations to effectively exclude IVF from coverage.
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3.1. Markets

We assume that the metropolitan statistical areas (MSAs) of the United States consist of the markets for ART
services. When multiple US counties or MSAs together form a combined statistical area (CSA), we use the
CSA’s boundaries to define the market. For example, Washington, DC, and Baltimore each have their own
MSAs, but the Census Bureau has identified a CSA that includes both of these MSAs. Two aspects of ART
treatment support our assumption about market boundaries. First, during the main sample period, only seven
clinics (with 34 clinic-year combinations) operated outside an MSA. Second, although ART treatment may
be expensive and important enough to compel a couple to travel across a metropolitan area to receive
the treatment they think is best, the repeated clinic visits required for an ART cycle are likely to restrict
a couple from seeking treatment outside their home city. The number of MSAs with at least one clinic
grew from 99 in 1995 to 112 in 2003. Most of the entry by new clinics occurred in markets where other
clinics were already present.

3.1.1. Insurance mandates for ART. Fifteen states currently have mandates regarding insurance for infertility
treatment, summarized on Table I. See Schmidt (2007) for additional information on the individual mandates
of states. There are four important differences among these regulations. First and most simple is the year that
the mandate was enacted. Infertility treatment mandates were introduced as early as 1977 and as recently as
2001. There is typically a lag between when a regulation is passed and when it becomes effective, so
we assumed that a mandate becomes effective in the year after its passage.4 Second, the regulations vary
in whether they include ART procedures. Some states (e.g. New York) explicitly exclude IVF from their
mandates. Third, the laws that include IVF vary in whether they are mandates for insurance to cover
treatment or simply offer coverage. The former is more generous; the latter can be completely toothless
if an insurance provider chooses to offer ART coverage at a very high price. Finally, the coverage mandates
vary in whether they require all firms and insurers to provide coverage (i.e. coverage is universal) or the mandates
apply only to certain organizations (i.e. the coverage mandate is restricted). For example, Arkansas excludes
HMOs from its regulation, whereas Ohio and West Virginia mandates apply to HMOs only.

Most of the coverage mandates of states include lifetime caps on the dollar value of covered treatment or the
number of cycles. Although mandates often specify that treatment must occur in facilities that comply with
guidelines from the American College of Obstetricians and Gynecologists (ACOG) and the American Society
of Reproductive Medicine, the regulations generally do not provide guidelines on specific treatment choices
within IVF, for example, the number of embryos. One exception is that most of the restricted mandate states
do not cover IVF with donor sperm or donor eggs; universal mandate states do cover such IVF cycles. To our
knowledge, the ACOG, the American Society of Reproductive Medicine, and the individual insurers do not pro-
vide firm limits on treatment practices. Variation in patients’ health characteristics leads to variation in what
treatment choices are prudent, and this prevents the creation of “one size fits all” guidelines on treatment details.

We used these differences across insurance mandates to classify each state into one of four categories. First,
there are three states under universal mandates to cover IVF treatment. Second, seven states have restricted
mandates to cover treatment. Third, we classified five states as having other laws regarding infertility, including
mandates to offer insurance for IVF or mandates to cover non-IVF infertility treatments. Fourth, the remaining
35 states plus the District of Columbia have no infertility mandates. Because of the timing of insurance regula-
tions relative to the available data, we primarily exploited the cross-sectional variation in the mandates of states
to identify our empirical model, although some longitudinal variation exists in the data because of the changing
regulations and the relative population shares of markets that straddle state borders. In Section 3.3, we discuss
whether insurance laws can be regarded as exogenous.

4Assuming an implementation lag is common in studies of infertility mandates (see e.g. Schmidt, 2005); our results are robust to this as-
sumption. We assume that mandates that were repealed (Ohio and West Virginia) ceased being effective immediately after the ending year
provided on Table I.
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We incorporate insurance mandates into our market-level data by calculating the share of each market’s
female population aged 25–44years who live under each mandate. This treatment of insurance coverage
accounts for MSA boundaries that cross state lines. For example, the St. Louis MSA includes women
who live in Illinois (with a universal mandate) and Missouri (with no mandate). Similarly, after 2001,
the New York City MSA includes women living in states with two distinct types of insurance law—restricted
mandate in New Jersey and other laws in New York and Connecticut. Despite these examples, MSAs that include
states in multiple insurance regimes are relatively rare. For example, 8 of 112 markets overlapped regime
boundaries in 2003, and in 2 of these cases, 95% of the population was under a single regime.

The 1995–2003 data include 954 market-year combinations with at least one clinic. Table II shows summary
statistics for the year 2000, when we observed 108 markets with clinics. The average share of women covered
by a universal mandate is 6%, which comes largely from seven markets where most women reside in a
universal mandate state. Restricted mandates are rarer, accounting for an average of 3% of the population. (Al-
though this share is small, markets with women under restricted mandates are relatively large.) The average
proportion of women affected by other laws is 15%.

A shortcoming of our data is that we do not know the decisions of insurance companies to offer ART
coverage when they are not legally obligated to do so. However, it is reasonable to assume that privately
offered insurance for IVF would be more expensive than other insurance options within the same market,
and fewer potential patients in unregulated states would receive ART under insurance coverage.

3.1.2. Clinic market structure. There is substantial variation in the number of ART clinics that serve US
markets. Only about a third of MSAs have any clinics at all, and approximately 40% of markets with
IVF are served by a single clinic during our panel. However, large cities may have many clinics. In
2003, 15 markets had 6 or more clinics, and the New York City region contained 47 clinics (up from
18 clinics in 1995). Across market-year observations in the 1995–2003 data, the median number of clinics
is 2. The number of IVF clinics has grown significantly. In 1987, at the time of the Wyden investigation,
there were 173 ART clinics in the United States; this number increased to 257 in 1995 and to 396 in 2003.

In our main analysis, we characterize market structure with a pair of dummy variables. We construct one
variable so that it has a value of 1 when a market-year has two to five clinics; otherwise, the variable takes
the value 0. The second dummy variable has a value of 1 when a market-year has 6 or more clinics. The omitted

Table II. Market characteristics, year 2000

Mean SD Minimum Maximum

Insurance mandate
Universal 0.06 0.24 0 1.00
Restricted 0.03 0.17 0 1.00
Other 0.15 0.35 0 1.00

No. of clinics 3.48 5.36 1 39
2–5 clinics in market 0.45 0.50 0 1
6+ clinics in market 0.13 0.34 0 1
Female population aged 25–44years (thousands) 27.98 46.87 1.64 343.25
Women with bachelor’s degree (%) 16.10 3.60 9.65 28.06
Women with graduate degree (%) 8.25 2.56 4.72 19.48
Per capita income (thousands) 29.38 4.30 22.21 47.14
Households with income $75,000+, heads aged 25–44years (%) 21.47 5.75 10.50 44.48
Top quartile house value 17.19 6.57 9.59 52.58
Women in labor force (%) 59.60 4.70 46.47 70.95
Average household size 2.51 0.13 2.19 2.97
Land area 5.16 4.98 0.46 35.32
Clinics in neighboring markets 0.49 0.50 0.00 1.00
Medical wage index 0.98 0.12 0.80 1.47
CON score 8.20 7.88 0.00 30.80
N 108
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category is monopoly markets. Because our main analysis is at the clinic level, we did not account for markets
with zero clinics. Table II shows the summary statistics for the market structure indicators during 2000.

Markets vary in their numbers of IVF clinics for many reasons, both observable and unobservable.
Clinics may be more likely to form in markets with the following: a large number of women of child-
bearing age, especially if they have delayed fertility due to education or career concerns; relatively high
incomes or wealth levels because of IVF’s expense; or insurance mandates that might stimulate demand.
Local tastes for infertility treatment are also likely to influence clinic formation, although these tastes may
be impossible to observe directly, implying that market structure is endogenous. In this article, we do not
attempt to estimate the causal effect of additional clinics on the prevalence of IVF in a population or the
choices made during treatment. Instead, we use our measures of market structure as controls for the com-
bined effect of additional competition and the unobserved tastes that contributed to clinic entry. Our fo-
cus, instead, is on the effect of insurance mandates on infertility treatment.

3.1.3. Market demographics. We use several additional measures of IVF markets’ characteristics, and we
display the summary statistics for these variables on Table II. To describe the extent of demand in a market, we
use data on the following: the number of women aged 25–44 years, the market’s per capita income, the fraction of
households with heads aged 25–44 years and income of $75,000 or more, the 75th percentile of house value as a
measure of wealth, the fraction of women in the labor force, the fraction of women with a bachelor’s and
(separately) a graduate degree, and the average household size. As a supplementary measure of the local
availability of IVF, we created a dummy variable for whether there is a neighboring MSA within 75
miles that also has at least one IVF clinic. To account for variation in the difficulty in travelling across
a market to receive treatment, we recorded each market’s total land area.

We use two controls for the characteristics of the local medical market. A medical wage index accounts for
variation in the general expense of healthcare in a market. This could reflect restricted supply, but high wages
could also indicate above-average quality. We also use data on the CON laws of states, which restrict
the establishment of new medical facilities. Although the CON laws do not apply directly to infertility
clinics, a market with restrictive CON laws will have fewer potential workers with training or experience
in medical offices and laboratories. In our empirical analysis, we use a “CON score” constructed by the Missouri
CON Program, which accounts for the number and severity of these laws (a higher value implies stricter laws).

3.2. Treatment data

The treatment data include a clinic’s number of cycles, the statistics on choices made during treatment, and the
cycles’ outcomes. The data from 1995 to 2003 are more detailed than those from 1987. Table III shows the
summary statistics from the more recent data, with treatment patterns and outcomes divided by insurance man-
date. We classify a clinic as operating in a universal mandate market if more than 50% of the female popu-
lation lives in a state with a universal mandate, and we took a similar approach to classify clinics in
restricted mandate and other law markets. We display the statistics at both the market level, summing
the activity of all clinics within a market, and at the clinic level. Throughout the discussion and analysis
of the more recent treatment data, we separate patients into two age groups: younger than 35 years and
older than 35 years.5 The ACOG recommends that women 35 years or older receive expedited evaluation and
treatment if they fail in attempts to conceive (ACOG, 2008). Age 35 years is near the median patient age.

The market-level statistics show that the overall rates of IVF (i.e. cycles per 1000 women aged 25–34
or 35–44 years) are substantially greater in universal mandate markets than in other regimes. The markets
with restricted mandates or other laws, in fact, have IVF rates that are below those in markets that are not

5The CDC offers IVF statistics that are divided into several categories by patients’ ages, but the ages that define the boundaries of these
categories vary from year to year. Our definition of the categories younger than 35 years and older than 35 years allows us to handle
patients’ ages consistently across 1995–2003.
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covered by an insurance mandate. This could be due to observable demographic characteristics, which we
control for in the analysis below, or it could be due to the aspects of the laws that direct patients to
infertility treatments other than IVF. Despite the high IVF cycle rate under a universal mandate, these
markets do not have substantially different numbers of clinics than other markets.

In the clinic-level portion of Table III, it is clear that universal mandates are associated with expanded treat-
ment through an increase in the average size of IVF clinics. Relative to clinics in no-mandate markets, those in
universal mandate markets also differ noticeably in their birthrates, average embryo transfer rates, and the
frequency of triplet+pregnancies. Clinics in restricted mandate markets also have lower birthrates and
triplet pregnancy rates than no-mandate markets. In universal mandate markets, the differences from
no-mandate markets are generally largest among women younger than 35 years. This may occur because
the price-reducing nature of a universal mandate stimulates couples to try IVF relatively early in their
attempts to conceive, whereas in no-mandate markets, couples use lower-technology (and less expensive)
options first.

The 1987 data identify 172 clinics, and of these 141 provided information on their number of treat-
ment cycles. (We assume that the reporting of cycle data is uncorrelated with future insurance regula-
tions.) The clinics were active in 74 markets, although we restricted our analysis to the cycles in the
72 markets that are both within MSAs and outside West Virginia, which enacted an infertility mandate
in 1977. The number of cycles in a market ranged from 3 to 2326, with an average of 246 and standard
deviation of 410.

The use of IVF and its general success rates both expanded greatly during our sample period. In Table IV,
we compare treatment during 1995 and 2003. The annual number of cycles in the United States doubled
between 1995 and 2003, whereas IVF birthrates increased by approximately 50% for women both younger
and older than 35years. Although the substantial reduction in embryo transfers has not reduced the share of births
that are twins or more, fewer women risk dangerously high-order pregnancies of triplets or more. The data on preg-
nancies, which are available beginning in 1997, show that the twin pregnancy rate increased slightly between 1997
and 2003 (by approximately 6%, or 2 percentage points). Meanwhile, the frequency of higher-order pregnancies
has fallen substantially (by 50%, or almost 6 percentage points). We illustrate these trends, separated by insurance
mandate regime, in Figures 3–5. Relative to markets without insurance mandates, universal mandates are con-
sistently associated with fewer embryo transfers and fewer triplet+pregnancies. Restricted mandates also com-
pare favorably to treatment in no-mandate markets over time, although these differences are more modest.

3.3. Are insurance mandates exogenous?

An obvious concern in our empirical analysis below is whether observed differences in ART activity are due to
regulatory policy or, instead, market-specific (or state-specific) unobserved preferences for infertility treatment.
This is important for policy because we would like to know whether a mandate actually affects ART usage or

Table IV. ART outcomes

Year 1995 1995 2003 2003

Patient’s age <35 years old >35 years old <35 years old >35 years old

Total cycles in the United States 19,125 23,022 39,464 46,547
Average no. embryos 3.95 (0.85) 4.02 (0.77) 2.56 (0.45) 3.06 (0.52)
Cycles with a birth (%) 25.83% (9.98) 15.26% (7.23) 37.35% (9.52) 22.88% (7.20)
Births with twins+(%) 41.19% (13.5) 30.77% (13.38) 38.38% (9.58) 28.76% (9.83)
N 253 253 389 392

We focus on the cycles of fresh, nondonor eggs. We obtained “total cycles” by summing cycles from all clinics in our data. The remaining
cells include a mean and standard deviation (in parentheses). We calculated the means as weighted averages taken across clinics within the
appropriate year and age group. N is the number of clinics from which we have data within each year and age group.
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simply provides a transfer to treated couples who would have purchased treatment even without a subsidy
through insurance. Our identification strategy largely relies the on cross-sectional variation across states with
different insurance laws, so we performed preliminary analyses to verify that this assumption is reasonable.
We investigated the exogeneity of insurance mandates with respect to preferences for IVF treatment in two
ways.

First, as shown in Table V, we compare the observable characteristics of states that have or had IVF-
specific mandates with the characteristics of states that never had mandates. We compare states with any
mandate (column 2) to those with no mandate (column 1), and we also separate the three types of insurance
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Figure 3. Trends in embryo transfers, 1995–2003
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Figure 5. Trends in tripletþ pregnancy risk, 1997–2003
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mandates discussed earlier (columns 3–5). In the top portion of Table V, we present demographic measures
that may be related to the childbearing decisions of families or their likelihood to take infertility treat-
ment. The demographic variables we consider include the following: the population share of
women aged 25–44years, the educational attainment of women, the labor force participation rates of
women, the average family size, the per capita income, and the share of households with heads aged
25–44years and income more than $50,000. We use data from the 1990 decennial census for its rel-
ative proximity to when most mandate laws were enacted. Near the bottom of Table V, we present
indicators for whether a state has insurance mandates for colorectal cancer screenings, Medicaid funding of abor-
tions, and mental health parity. Table V shows that states with mandates for a variety of health issues also tended
to adopt regulations for IVF. The willingness of states to adopt health mandates seems to reflect voters’ prefer-
ences for government intervention in healthcare markets, as indicated by the significant difference between
mandate and nonmandate states in their preference for Bill Clinton in the 1992 presidential election. Laugesen
et al. (2006) describe the evolution of state health insurance mandates during the 1980s and the 1990s.

The demographic measures show that, in many ways, states with insurance mandates are very similar to
those without mandates. Comparing states with no mandates to the pooled group of states with mandates,
we found statistically significant differences only in the share of young households with high incomes. Column
3 shows that residents of universal mandate states also seem to have higher per capita incomes. The policy and
political measures at the bottom of Table V reveal greater differences among the states. The presence of IVF
mandates is correlated with insurance mandates for other health procedures, and infertility mandates are also
correlated with a preference for a Democratic president. In all, the statistics on Table V suggest that state resi-
dents vary in their governing tastes but not necessarily in their preferences for children or other related life-
cycle decisions.6

6We have estimated probit models for the probability of an infertility insurance mandate, using as explanatory variables the measures on
Table V that are significantly different between states with and without infertility mandates. We found that the demographic measures
of education and income have no explanatory power in models that also include indicators for the presence of other mandates and the
1992 presidential election results.

Table V. State characteristics and insurance mandates

(1) (2) (3) (4) (5)

Insurance mandate None Any Universal Restricted Other

Demographics in 1990
(Female population aged 25–44 years)/Total
population

16.11 (0.92) 16.38 (0.74) 16.53 (0.45) 16.16 (1.02) 16.60**
(0.33)

Women with high school degree (%) 76.77 (5.99) 74.56 (4.93) 75.47 (4.25) 74.80 (6.26) 73.68 (3.95)
Women with bachelor’s degree (%) 17.04 (2.92) 17.93 (4.29) 20.17 (3.41) 16.04 (4.80) 19.24 (3.47)
Women with graduate degree (%) 5.04 (1.08) 5.93 (1.93) 6.98 (1.43) 4.94 (1.74) 6.69 (2.05)
Per capita income 28,327.0

(4,742.1)
30,913.1
(6,970.3)

33,795.0*
(2,734.3)

28,980.3
(7,892.4)

31,889.8
(7,675.5)

Households with income>$50,000, heads
aged 25–44years (%)

22.29 (6.97) 27.18* (9.04) 32.47* (5.50) 22.78 (9.95) 30.16 (10.67)

Women in labor force (%) 57.77 (3.60) 56.78 (5.55) 58.77 (1.36) 56.38 (7.65) 56.15 (3.90)
Average household size 2.69 (0.12) 2.72 (0.13) 2.69 (0.03) 2.70 (0.19) 2.77* (0.08)

Insurance mandates
Medicaid for abortion 37.1% 66.7%* 2/3 4/7 4/5*
Colorectal cancer screening 22.9% 40.0% 2/3* 2/7 2/5
Mental health parity 62.3% 86.7%* 3/3 6/7 4/5

Political leanings
Plurality voted for Clinton in 1992 51.4% 93.3%*** 3/3 7/7** 4/5

N 35 15 3 7 5

Values are presented as mean (SD). We conduct t-tests for the equality of the means between columns 2 and 5 and column 1.
***p=0.01; **p=0.05; *p=0.10.
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Second, we searched for evidence of unobserved differences between states with and without IVF-specific
mandates by analyzing the 1987 data on IVF rates and the number of clinics in each market. As we discussed
earlier, few states had implemented insurance mandates by 1987. Consequently, we estimated a “preprogram”
regression (Heckman and Hotz, 1989) in which we regressed the 1987 measures of ART intensity on future
regulatory status along with other contemporary control variables.7 If a particular state’s residents are especially
disposed to take infertility treatment independent of the regulatory environment, then the treatment levels in the
state’s markets will be relatively high even before an insurance mandate is approved. Table VI shows the
results of our analysis. In column 1 of Table VI, we define the dependent variable to be the logged number
of ART cycles in a market per 10,000 women aged 25–44 years. We group together all markets affected by
any future mandate because of the relatively small number of observations within each type of mandate. We
find that there is no significant correlation between a future mandate and the 1987 ART rate. In columns 2
and 3, we report results from an ordered probit analysis of the number of clinics in a market, and we include
markets with zero clinics. This allows us to examine a broader set of markets. In column 3, we include separate
variables for the three types of insurance mandate. When we group together all mandates, we find no significant
correlation between the future regulation and the number of clinics. In column 3, we find that the number
of clinics in 1987 had a marginally significant negative correlation with future universal mandates, whereas
other mandates were uncorrelated with the number of clinics. The result on universal mandates disappears if
we limit the sample to markets with clinics in 2003 or if we cap the number of clinics into five, which affects
only five observations. In summary, Tables V and VI show that infertility insurance mandates are primarily
due to state-level differences in regulatory and political preferences and minimally related to unobserved
characteristics that drive both insurance policy and ART activity.

4. EMPIRICAL ANALYSIS

We now test whether different insurance mandate policies have different effects on ART access, treatment, and
outcomes. We do this with two empirical models. The first is a simple model of market-level IVF access,
which describes how a market’s number of IVF cycles per 1000 women varies across insurance policies.
The market-level empirical model is as follows:

yamt ¼ INSURmta1 þ STRUCmta2 þ DEMOGmta3 þ YEARSta4 þ eamt (1)

The subscripts m and t refer to market and year, respectively, and a is the patent’s age group. The variable y
is the natural log of the number of IVF cycles per 1000 women in the corresponding age group (25–34, 35–44,
or 25–44 years). The vector INSUR contains three variables: the fraction of a market’s population under a
universal insurance mandate, a restricted insurance mandate, or one of the other laws described earlier.
The coefficient on each mandate variable will reflect an average over time and across states in how each
class of mandates affects activity. STRUC contains a dummy variable for whether the market has two to
five firms and a second dummy for whether the market has six or more firms. A correlation between
STRUC and y could include both the causal effect of a change in market structure and a proxy for unobserved
market characteristics (such as strong taste for ART treatment) that encourage both the entry of clinics
and the use of IVF. We do not distinguish between the interpretations of STRUC in this article, and in
some versions of the estimation, we restrict a2=0. The vector DEMOG contains the market-level demographic

7There are five states (Massachusetts, Arkansas, Hawaii, Montana, and Texas) that enacted infertility mandates in 1987, which we assume
became effective in 1988. The Office of Technology Assessment, US Congress (1988) reports that the official effective dates for the
Massachusetts and Arkansas mandates were at the beginning of 1988, whereas the official effective dates for Hawaii and Texas were in
June and September, respectively. There is no information on the Montana law, but we know of no IVF clinic that has ever operated in
that state. A delay between the official effective date and the actual effect of a mandate may occur because of gradual information diffusion
or institutional constraints in potential patients acquiring new insurance benefits. Our preprogram regression results are robust to the
exclusion of clinic and market data from Hawaii, Texas, and Montana.
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variables summarized in Table II, and YEARS contains a dummy variable for each year in the data. The
error term eamt accounts for unobserved market characteristics. In estimating a, we clustered the standard
errors by market.

The clinic-level analysis extends the regression model in Equation (1) to include some clinic- and treatment-
level characteristics. The model is as follows:

yaimt ¼ INSURmtb1 þ STRUCmtb2 þ CLINitb3 þ TREATiatb4
þDEMOGmtb5 þ YEARStb6 þ eaimt

(2)

In addition to the previous notation, the subscript i indexes individual clinics. Clinic characteristics that are
fixed across patients are in CLIN; these include whether the clinic is a member of the SART and whether the
clinic accepts single women as patients. In TREAT, we collect clinic-level statistics on treatment attributes
that may vary within a clinic, depending on the patients’ and doctors’ preferences and constraints. This vector
contains three variables: the average number of embryos transferred during a treatment (by age group), the
share of all ART treatments that are IVF, and the share of all IVF treatments that use ICSI. The error term eaimt
accounts for unobserved clinic and market characteristics. As in the market-level model, we clustered observa-
tions by m in estimating Equation (2).

4.1. IVF access

We estimate Equation (1) to describe the overall effect of insurance policy on IVF penetration in a market, and
we report our results in Table VII. The variable yamt includes the sum of cycles across all clinics in a market.
In specifications 1–3, we exclude STRUC from the model, and thus the estimated values of a1 account for an
insurance mandate’s effect on both the number of clinics and the number of cycles at each clinic. In a final
specification, we included STRUC in the model to separate the direct effect of the insurance policy on
patients from its indirect effects through a potential expansion in the number of clinics or the particular
local tastes that drive clinics to enter a market.

Table VI. Premandate ART measures

(1) (2) (3)

Dependent variable Cycles/population Clinic count Clinic count

Estimation method OLS Ordered probit Ordered probit

Any future mandate 0.286 (0.322) �0.119 (0.210)
Future universal mandate �1.037* (0.591)
Future restricted mandate 0.194 (0.338)
Future other mandate �0.109 (0.252)
Women with bachelor’s degree (%) 0.593 (4.418) 0.195 (2.505) 0.0623 (2.542)
Women with graduate degree (%) 3.532 (6.539) 6.315* (3.785) 6.857* (3.854)
Per capita income �0.873 (2.006) 0.177 (0.697) 0.177 (0.690)
Households with income $50,000+, heads aged
25–44 years (%)

0.0130 (0.0685) 0.00982 (0.0263) 0.0145 (0.0262)

Women in labor force (%) 2.052 (4.226) 0.131 (2.395) �0.144 (2.460)
Average household size 0.448 (1.709) �0.211 (0.792) �0.243 (0.811)
Female population aged 25–44 years 0.0106*** (0.00113) 0.0106*** (0.00114)
(Female population aged 25–44 years)2 �0.00201*** (0.000424) �0.00206*** (0.000431)

N 72 291 291
R2 0.054 – –

Values are presented as mean (SD). Specification (1) also includes a constant. OLS, ordinary least squares.
***p=0.01; **p=0.05; *p=0.10.
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We find that a universal mandate leads to an expansion in IVF penetration by approximately 90% for
women in all age groups. The effect is slightly larger for women older than 35 years. A restricted mandate
has a positive but insignificant effect on IVF access. For women younger than 35 years in markets with other
mandate laws, IVF penetration is significantly below the rate in markets with no insurance mandates. This
may be due to alternative fertility treatments being favored relative to IVF. If this selection occurs and is driven
by medical needs, then its effects may appear below in the clinic-level models of treatment outcomes.

Relatively few of the variables in DEMOG have a significant effect on IVF penetration. Given the construc-
tion of y as a rate per 1000 women, the population variables in DEMOG are interpreted as measuring whether
women in larger markets are more likely to receive IVF than women in smaller markets. We found no
significant effects of population in specifications 1–3. IVF penetration is significantly greater in markets
with a large percentage of women with graduate degrees, which may indicate that infertility treatments
are relative common among women who have delayed childbearing in favor of additional schooling or
career development. To our surprise, neither a market’s income measures nor its 75th percentile of house
value have a positive effect on y. In fact, IVF penetration is significantly lower in markets with relatively high
house values. The market’s medical wage index, which may be related to the quality of local medical care or
residents’ willingness to take medical treatment in general, is positively correlated with the IVF penetration
rate. In specification 4, we find that the measures of market structure are positively and significantly correlated
with a market’s IVF rate. The addition of STRUC has a minimal effect on the coefficients on INSUR, suggesting
that the primary effects of infertility regulations do not occur through their effects on clinic formation.

Although the results in Table VII used data from 1995 to 2003 only, we also found a large effect of universal
mandates in the relevant markets when we compared 1987 IVF rates (before the mandates) with 1995 levels
and then repeated this comparison in markets outside mandate states. Markets under a universal mandate in
1995 experienced an eightfold increase in cycle rates between 1987 and 1995, whereas IVF rates only doubled
between 1987 and 1995 in markets without mandates.

Table VII. Changes in access to ART

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

Age group <35 years old >35 years old All ages All ages

Universal mandate 0.638*** (0.137) 0.691*** (0.126) 0.659*** (0.131) 0.681*** (0.121)
Restricted mandate 0.259 (0.166) 0.209 (0.209) 0.253 (0.176) 0.261 (0.192)
Other mandate �0.226* (0.121) �0.107 (0.106) �0.164 (0.112) �0.192* (0.109)
Female population aged 25–44 years �0.00145 (0.00353) �4.88e-05 (0.00359) �0.000716 (0.00349) �0.00878** (0.00366)
(Female population aged 25–44 years)2 0.00106 (0.000999) 0.000500 (0.000965) 0.000796 (0.000966) 0.00270*** (0.00101)
Women with bachelor’s degree (%) 0.0156 (0.0243) 0.0389 (0.0242) 0.0249 (0.0237) 0.0281 (0.0214)
Women with graduate degree (%) 0.0672** (0.0335) 0.0883*** (0.0305) 0.0773** (0.0315) 0.0746** (0.0315)
Per capita income 0.000230 (0.0186) 0.00385 (0.0200) 0.00348 (0.0187) 0.00298 (0.0180)
Households with income $75,000+,
heads aged 25–44 years (%)

0.0139 (0.0283) 0.0222 (0.0263) 0.0156 (0.0270) 0.00634 (0.0263)

Top quartile house value �0.0429*** (0.0161) �0.0255* (0.0149) �0.0320** (0.0152) �0.0341** (0.0159)
Women in labor force (%) 0.0282* (0.0151) �0.000317 (0.0145) 0.0172 (0.0145) 0.0224 (0.0142)
Average household size 0.328 (0.345) 0.515 (0.357) 0.454 (0.342) 0.446 (0.331)
Land area �0.0152 (0.00996) �0.0110 (0.0102) �0.0139 (0.00974) �0.0139 (0.00955)
Clinics in neighboring markets �0.0364 (0.126) �0.0500 (0.113) �0.0479 (0.118) �0.0379 (0.111)
CON score �0.000511 (0.00569) �0.00123 (0.00506) �0.00125 (0.00526) 0.000132 (0.00485)
Medical wage index 1.065* (0.624) 1.041* (0.603) 1.012* (0.602) 1.443** (0.594)
2–5 clinics in market 0.340*** (0.0758)
6+ clinics in market 0.775*** (0.141)

N 954 953 954 954
R2 0.376 0.340 0.380 0.426

Dependent variable: log (cycles in the market/female population).
Values are presented as mean (SD). Variables included in models but excluded from the table: constant, year dummies.
***p=0.01; **p=0.05; *p=0.10.
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4.2. Birthrates

The introduction of an insurance coverage mandate increases the number of couples in a market who receive
fertility treatment, and this effect is significant for universal mandates. Are insurance mandates associated with
higher or lower birthrates for these patients? The model in Section 2 suggests that insurance mandates may be
associated with reduced birthrates if lower-fertility patients are disproportionately drawn in to the market. On
the other hand, if clinics draw in relatively high-fertility patients or those who are inclined to request especially
aggressive treatment, birthrates may increase.

To answer this question, we estimated the clinic-level model (Equation (2)) and defined yiamt as a clinic’s
birthrate per 100 cycles. We account for variation in clinic size by weighing observations through a clinic’s
number of cycles. In specifications 1 and 3 of Table VIII, we report results from models that include
the variables in TREAT. Including these variables controls for shifts in treatment practices that may occur
with insurance mandates, and therefore the coefficients on INSUR reveal changes in underlying patient fertility.
Specifications 2 and 4, which exclude TREAT, provide the full effect of ART regulations on birth outcomes,
including both patient selection and changes in choices. In Table VIII and subsequent tables, we economize on
space by not presenting the coefficient estimates on the CON laws, the land area, and the presence of nearby
clinics; all are consistently insignificant throughout the analysis.

We find that treatment success rates are generally lower in markets with insurance coverage mandates.
There is no significant effect of other laws on birthrates. Specification 1 indicates that women younger than
35years in universal mandate markets are significantly less fertile, on average, than women in markets with

Table VIII. IVF success rates

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

Age group <35 years old <35 years old >35 years old >35 years old

Include treatment variables? Yes No Yes No

Universal mandate �3.822*** (1.380) �2.918** (1.341) �1.758 (1.061) �1.915* (0.980)
Restricted mandate �1.764 (1.609) �2.578* (1.407) �2.995*** (1.130) �3.355*** (1.041)
Other mandate 1.192 (0.995) 1.294 (1.102) 0.548 (0.808) 0.829 (0.762)
2–5 clinics in market �0.0152 (0.972) 0.0473 (1.031) �0.939 (0.654) �0.941 (0.672)
6+ clinics in market �2.409 (1.564) �2.517 (1.609) �3.718*** (1.098) �3.806*** (1.125)
Clinic is SART member 3.101** (1.489) 3.409** (1.707) 1.731 (1.212) 1.672 (1.252)
Clinic accepts single women �1.201 (0.923) �1.714* (1.008) �1.407** (0.659) �1.276* (0.707)
Clinic average no. embryos �2.787*** (0.956) 0.392 (0.552)
Clinic IVF rate �2.475 (2.608) 2.826 (2.520)
Clinic ICSI rate 7.685*** (1.990) 4.019** (1.951)
Female population aged 25–44 years �0.0963*** (0.0331) �0.0891*** (0.0329) �0.0631*** (0.0237) �0.0502** (0.0218)
(Female population aged 25–44 years)2 0.0283*** (0.00788) 0.0271*** (0.00784) 0.0199*** (0.00571) 0.0169*** (0.00534)
Women with bachelor’s degree (%) 0.353 (0.311) 0.369 (0.336) 0.207 (0.236) 0.220 (0.237)
Women with graduate degree (%) �0.182 (0.256) �0.239 (0.279) �0.115 (0.178) �0.184 (0.174)
Per capita income 0.0403 (0.287) 0.0234 (0.273) 0.137 (0.176) 0.128 (0.178)
Households with income $75,000+,
heads aged 25–44 years (%)

0.411 (0.249) 0.425 (0.263) 0.288* (0.172) 0.235 (0.174)

Top quartile house value 0.0410 (0.120) �0.0193 (0.123) �0.0111 (0.0806) 0.0157 (0.0772)
Women in labor force (%) 0.0252 (0.187) 0.118 (0.204) 0.205 (0.141) 0.250* (0.133)
Average household size 3.189 (4.298) 3.889 (4.563) �0.512 (3.135) �0.0666 (3.137)
Medical wage index �18.23** (7.742) �14.88* (8.317) �10.98** (4.745) �10.47** (4.976)

N 3119 3119 3114 3117
R2 0.247 0.217 0.222 0.214

Dependent variable: Births per 100 cycles.
Values are presented as mean (SD). Variables included in models but excluded from the table: constant, year dummies, indicator for clinic
in nearby market, land area, and CON score.
***p=0.01; **p=0.05; *p=0.10.
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no infertility treatment regulations. The relevant coefficient increases (but is still significantly negative) when
the variables in TREAT are excluded in specification 2. This suggests that the net effect of changes in treat-
ment choices have a positive effect on birthrates, given the selected population drawn into the market by a
universal mandate. For women older than 35 years, the results in specifications 3 and 4 indicate that restricted
mandates have a larger negative effect on birthrates than universal mandates. This may be due to differences
in the effects of laws on how couples with varying fertility problems sort themselves across the types of treat-
ment. In particular, because many restricted mandate states exclude the coverage of IVF cycles with donor
sperm or donor eggs, patients in these states may take treatment with their own sperm and eggs when other-
wise they might have used a donor for one or both components. For these couples, the reduced success
probability of nondonor treatment may be worthwhile because their cycles are covered by insurance. In
universal mandate states, where donor treatments are not excluded from mandated insurance coverage, similar
couples might be more likely to use donor eggs or sperm. Cycles using donor eggs are not included in
our analysis.

Women in both age categories experience higher birthrates in clinics with high ICSI rates, which is expected
given the nature of this technology. Clinics that accept single women typically have lower birthrates, as do
clinics in highly competitive markets. The magnitudes of the coefficients on the quadratic population variables
imply that IVF success is decreasing in population for all but the very largest markets in the sample. As
in our interpretation of the insurance mandate variables, we interpreted the population results as indicating
a difference in the selection of patients who seek IVF. Finally, we note that the coefficients on the medical
wage variable are negative and significantly different from zero. If this wage proxies for quality, then the results
are consistent with clinics in higher-quality markets attracting less fertile patients into treatment.

4.3. Embryo transfers

We investigate the effect of insurance on treatment decisions made by physicians and patients, as given
by the choice of the number of embryos to transfer. Although previous research (Jain et al., 2002) has
shown that insurance mandates are associated with reduced embryo transfer rates, we address the issue with
richer data. For this analysis, we define yiamt as a clinic’s average number of embryos transferred to a patient.
As in the case of birthrates, we weighted observations by the clinic’s number of cycles. Table IX shows the
results of our analysis.

We find that women both younger and older than 35 years take fewer embryos, on average, in markets
with universal mandates. Coupled with the results in Table VIII, indicating lower innate fertility, this is
strong evidence that the observed difference in embryo transfers is due to a shift in patients’ choices. If, instead,
patients’ perceptions about the value of completing IVF quickly did not change with the universal mandate,
then we would expect less fertile women to request more embryos during treatment rather than fewer.
In contrast to the large and significant effects of a universal mandate, there is no significant effect of restricted
mandates or other laws on embryo choices.

Among the other clinic and market characteristics that may affect embryo choices, clinics with high IVF
rates transfer fewer embryos, which is consistent with the more precise nature of this procedure over other
forms of ART. Those treating single women are associated with higher embryo rates, but it is unclear whether
this is a characteristic of the clinics themselves or the women who seek treatment within them. Single women
may take more embryos per treatment because they lack the resources for multiple treatments if the initial at-
tempt fails. Our measures of competition are uncorrelated with the number of embryos, which provides some
assurance that intensified competition between clinics does not lead to birthrate races. An important trend
across all models is that the number of embryos has fallen steadily and significantly since the beginning of
our panel. Between 1995 and 2003, the number of embryos per patient fell by 1.3 (approximately 40%) for
women both younger and older than 35years. This trend may reflect learning by doing as well as the diffusion
of techniques such as ICSI and assisted hatching (Hamilton and McManus, 2005).
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4.4. Multiple gestation and births

We conclude our analysis by examining the potentially dangerous outcomes from IVF treatments: high-order
pregnancies and multiple births. It is important to recall that twin and triplet+pregnancies are substantially
different from each other in health hazard, expense, and desirability. In a survey of IVF patients, Pinborg
et al. (2003) found that a majority state that twins are their preferred pregnancy outcome. Given their different
consequences, we estimate separate models for the frequency of twin versus higher-order outcomes.8 We
define yiamt as a clinic’s rate of twin or triplet+pregnancies per 100 embryo transfers, and we weight obser-
vations by clinic size. We exclude the variables in TREAT to account for the full effect of insurance mandates
on IVF outcomes.

Our results on twin pregnancies, which we display in specifications 1 and 2 of Table X, show that twin
rates are generally unaffected by insurance mandates. This occurs despite the significant reduction in embryo
transfers in markets with universal insurance mandates. There is a marginally significant positive effect of other
laws on the twin rates of women older than 35 years, but this may be a spurious correlation. Older women in
other law states seem otherwise unaffected by these mandates, according to our other measures of IVF outcomes.
The other explanatory variables seem to have little effect on twin pregnancy rates, and the dummy variables in
YEAR (which are not shown on the table) also show no significant change in twin rates over time.

The effect of universal mandates on triplet+pregnancies is substantially stronger. The results in specification
3 of Table X indicate a reduction in triplet+pregnancies by about a third for women younger than 35 years.
(The average triplet+pregnancy rate is 7.8% in our sample.) Older women also experience a significant

8Separate pregnancy rates for twins versus triplets are only available for 1997–2003 because of CDC reporting conventions, which also
prevent us from separating multiple birth outcomes between twins and all others.

Table IX. Embryo transfers

(1) (2)

Age group <35 years old >35 years old

Universal mandate �0.359*** (0.103) �0.305*** (0.0753)
Restricted mandate 0.0293 (0.106) 0.134 (0.110)
Other mandate 0.0534 (0.109) 0.0675 (0.0987)
2–5 clinics in market 0.0146 (0.0690) �0.0906 (0.0683)
6+ clinics in market 0.0640 (0.108) �0.130 (0.0974)
Clinic is SART member �0.133 (0.0825) �0.0615 (0.0647)
Clinic accepts single women 0.191*** (0.0596) 0.148** (0.0600)
Clinic IVF rate �1.231*** (0.215) �1.226*** (0.202)
Clinic ICSI rate 0.366** (0.169) 0.317** (0.128)
Female population aged 25–44 years 0.00259 (0.00232) �0.00129 (0.00222)
(Female population aged 25–44 years)2 �0.000782 (0.000524) 0.000121 (0.000521)
Women with bachelor’s degree (%) �0.00359 (0.0204) 0.00183 (0.0178)
Women with graduate degree (%) �0.0122 (0.0209) �0.0107 (0.0185)
Per capita income �0.00120 (0.0201) �0.0105 (0.0240)
Households with income $75,000+, heads aged 25–44 years (%) �0.0245 (0.0176) 0.00565 (0.0191)
Top quartile house value 0.0256*** (0.00780) 0.0340*** (0.00738)
Women in labor force (%) �0.00947 (0.0122) �0.0196 (0.0121)
Average household size 0.0450 (0.370) 0.0330 (0.394)
Medical wage index �0.589 (0.385) �0.964** (0.478)

N 3119 3114
R2 0.503 0.417

Dependent variable: Average number of embryos transferred per cycle.
Values are presented as mean (SD). Variables included in models but excluded from the table: constant, year dummies, indicator for clinic
in nearby market, land area, and CON score.
***p=0.01; **p=0.05; *p=0.10.
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reduction in the triplet+pregnancy rate in universal mandate markets, although the reduction is only 40% as large
as for women younger than 35 years. As in twin pregnancies, the other explanatory variables (including the other
insurance mandates and the measures of market structure) have no consistent effect on triplet+pregnancy rates
across age groups. The coefficients on YEAR, in contrast, indicate a steady decline in triplet+pregnancies over
time.

Finally, we estimate Equation (2) while defining yiamt as the clinic’s number of multiple births per 100
cycles. These results are shown in Table XI. In measuring this outcome as a rate over all cycles (rather
than pregnancies as in Table X) and also excluding the variables in TREAT, we capture the full effect of
an insurance mandate on IVF outcomes. We find that universal mandates have a negative and significant
effect on multiple birth rates for both age groups. Because twin pregnancies are not affected by the mandates, this
change is likely due to the underlying fertility of women taking treatment, although some of the effect may be due
to partial or full miscarriages after a multiple pregnancy is recorded. We also find that restricted mandates have a
negative and significant effect on multiple birth rates for women older than 35 years. This result may be traced
to the reduced fertility of women older than 35 years under restricted mandates, revealed through the
reduced birth rates on Table VIII. Similarly, the relatively low multiple birth rates of older women in highly
competitive markets could be due to the relatively low fertility of the treated population.

5. CONCLUSIONS

The most important economic issues in contemporary ART markets are (i) access to treatment and (ii) treatment
success, as measured through birth rates and multiple birth rates. These issues of access and quality are also the
central concerns for US health care markets in general. Across the medical sector of the economy and in IVF
markets in particular, it has been suggested that altering the extent of insurance coverage can affect access to

Table X. Multiple gestations

Age group

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

<35 years old >35 years old <35 years old >35 years old

Gestation outcome Twins Twins Triplets+ Triplets+

Universal mandate 1.229 (0.762) 0.634 (0.915) �2.790*** (0.904) �1.114** (0.559)
Restricted mandate 0.832 (1.385) �0.405 (1.469) �0.632 (1.105) 0.507 (0.766)
Other mandate 0.796 (1.328) 1.851* (0.996) �0.0683 (0.873) 0.305 (0.519)
2–5 clinics in market �0.712 (0.811) �0.836 (0.782) 0.954 (0.652) �0.0243 (0.580)
6+ clinics in market �1.845 (1.145) �1.764 (1.170) 1.888 (1.292) �0.173 (0.843)
Clinic is SART member 1.202 (1.356) 0.498 (0.927) 0.199 (0.687) �0.0274 (0.569)
Clinic accepts single women �1.127 (0.769) �1.088 (0.814) 1.062** (0.424) 0.142 �0.0100
Female population aged 25–44 years �0.0184 (0.0191) 0.0107 (0.0225) �0.0202 (0.0197) (0.0145) 0.00298
(Female population aged 25–44 years)2 0.00708 (0.00441) �0.000359 (0.00505) 0.00523 (0.00454) (0.00338) 0.173
Women with bachelor’s degree (%) 0.329 (0.203) 0.175 (0.217) 0.0983 (0.199) (0.125) �0.214
Women with graduate degree (%) �0.272 (0.269) �0.197 (0.219) �0.162 (0.188) (0.147) �0.0167
Per capita income �0.00846 (0.156) �0.0982 (0.143) �0.0691 (0.130) (0.0968) �0.0127
Households with income $75,000+,
heads aged 25–44 years (%)

0.234 (0.151) 0.0297 (0.150) �0.0823 (0.150) (0.113) 0.0549

Top quartile house value �0.0720 (0.0918) 0.00910 (0.0777) 0.0769 (0.0598) (0.0439) �0.109
Women in labor force (%) �0.0448 (0.121) 0.0998 (0.136) �0.103 (0.103) (0.0929) �2.058
Avg. household size 3.419 (4.885) �2.148 (3.373) �0.551 (3.054) (2.893) �0.0100
Medical wage index �7.724 (4.859) �2.240 (4.908) �1.106 (3.712) �1.581 (2.941)

N 2567 2512 2567 2512
R2 0.028 0.015 0.155 0.050

Dependent variable: twin and triplet+gestations per 100 pregnancies.
Values are presented as mean (SD). Variables included in models but excluded from the table: constant, year dummies, indicator for clinic
in nearby market, land area, and CON score.
***p=0.01; **p=0.05; *p=0.10.
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both care and quality (for general discussions of these issues, see Gruber, 1994; Cutler, 2004). In the market for
infertility treatment, mandatory insurance coverage is predicted to bring new patients into the market and to re-
duce the incentive to transfer a dangerously high number of embryos during treatment, thereby increasing the
quality of care. With the present article, we evaluate the effect of mandated insurance coverage on ART access
and treatment success rates.

Our empirical analysis confirms the existing intuition that an insurance mandate can increase access to IVF
while decreasing the number of embryos that patients transfer during treatment. However, we found significant
differences across types of insurance mandates. Universal mandates, which require coverage by all private
insurers, are the only mandates that consistently have significant effects on IVF access and outcomes. By jointly
studying changes in birthrates, treatment technology and choices, and outcomes, we were able to separate selection
effects from differences in choices. In particular, we found that the effects of universal insurance mandates on
embryo transfer rates are likely due to shifts in incentives rather than variation in the selection of patients. Our
results are consistent with the view that a generous (universal) insurance mandate brings more low-fertility patients
into the market, who, without adjusted dynamic incentives, would be expected to transfer more embryos. The
reduced embryo transfers, combined with changes to underlying fertility, yield a significant reduction in high-order
pregnancy rates. We caution readers that our estimates recover average effects across states with a given type of
insurance mandate and also across time. Differences in particular state laws are likely to have some effect on
outcomes, and we cannot assess how markets’ responses to mandates change while the mandate is in effect.

Although our results indicate that high-order pregnancy rates from IVF may not change or will fall with
expanded insurance coverage, it is important to note that the number of triplets may not be reduced. In
fact, our results imply that the opposite is likely to occur because of the substantial growth in the number
of ART cycles following a universal insurance mandate. Whether the increase in multiple births observed
in these markets will lead to substantially higher health care costs depends on the types of patients induced to
attempt IVF. If new IVF patients are drawn entirely from the population of women who are taking no alternative

Table XI. Multiple births

Age group

(1) (2)

<35 years old >35 years old

Universal mandate �1.741** (0.675) �0.977** (0.404)
Restricted mandate �1.240 (0.906) �1.057** (0.425)
Other mandate 0.939 (0.603) 0.473 (0.322)
2–5 clinics in market �0.0678 (0.487) �0.412 (0.289)
6+ clinics in market �1.324 (0.865) �1.824*** (0.465)
Clinic is SART member 1.566 (0.985) 0.533 (0.464)
Clinic accepts single women �0.519 (0.570) �0.603* (0.317)
Female population aged 25–44 years �0.0505*** (0.0157) �0.0137 (0.00997)
(Female population aged 25–44 years)2 0.0159*** (0.00390) 0.00551** (0.00240)
Women with bachelor’s degree (%) 0.339** (0.167) 0.133 (0.104)
Women with graduate degree (%) �0.298** (0.142) �0.195*** (0.0660)
Per capita income �0.0648 (0.137) 0.0155 (0.0662)
Households with income $75,000+, heads aged 25–44 years (%) 0.299** (0.127) 0.103 (0.0724)
Top quartile house value �0.00450 (0.0540) 0.0143 (0.0312)
Women in labor force (%) �0.0288 (0.0964) 0.0875 (0.0601)
Average household size 1.976 (2.564) �1.201 (1.212)
Medical wage index �10.66*** (3.996) �3.692* (2.183)

N 3119 3117
R2 0.142 0.137

Dependent variable: Multiple births per 100 cycles.
Variables included in models but excluded from the table: constant, year dummies, indicator for clinic in nearby market, land area, and
CON score.
***p=0.01; **p=0.05; *p=0.10.
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infertility treatment, the number of triplets in the population would increase because of the effects that we identified
earlier and the substantial difference between the natural rate of multiple births and that under ART. However, if
new infertility patients take IVF instead of continuing with ovulation drugs, there is again an ambiguous effect of
expanding ART on the number of multiple births. Ovulation drugs tend to have higher variation in their outcomes
and may have a higher risk of triplets (or more) than IVF. Further research on individual choices among infertility
treatment options would be useful in addressing these questions.

In this article, we have used the available data to estimate shifts in measures of treatment access and quality,
but we have not evaluated the extent to which these shifts increase or decrease social welfare. The overall wel-
fare effects of public policy on IVF markets is a rich area for future study, both in the number of questions to be
answered and in the importance of these issues to choices made by women in the United States. Although IVF
has been fairly recently introduced, its use is spreading rapidly. The percentage of all births in the United States
due to IVF procedures using fresh, nondonor eggs grew from 0.3% in 1995 to 0.8% in 2003 to 0.9% in 2007.
For women older than 35 years, the shares of IVF births grew from 0.9% to 2.4% to 2.7% during the same
years. We expect the use of IVF to continue to grow, as treatment expenses fall with competition and
technological progress, and more women account for the possibility of ART while making related life cycle
choices regarding education, career, and marriage. Indeed, the changing economic environment of recent
decades is likely to have shifted substantially the demand for infertility treatment services. As women’s
labor force participation rates and real wages have increased, couples have deferred the decision to have
children.9 However, biological fertility decreases with age (Menken et al., 1986), so women who delay having
children are more likely to benefit from medical treatment for infertility. Thus, infertility treatments such as IVF
can permit an important increase in control over the timing of education, career, and family choices. This is
similar to the function that Goldin and Katz (2002) ascribed to the birth control pill. Ultimately, public policies
that increase the efficiency of ART provision and practices may have a substantial effect on the welfare and
productivity of women and their families.
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