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Objective: To evaluate the relationship between competition among fertility clinics and assisted reproductive tech-
nology (ART) treatment outcomes, particularly multiple births.
Design: Using clinic-level data from 1995 to 2001, we examined the relationship between competition and clinic-
level ART outcomes and practice patterns.
Setting: National database registry.
Patient(s): Clinics performing ART.
Intervention(s): The number of clinics within a 20-mile (32.19-km) radius of a given clinic.
Main Outcome Measure(s): Clinic-level births, singleton births, and multiple births per ART cycle; multiple births
per ART birth; average number of embryos transferred per cycle; and the proportion of cycles for women under age
35 years.
Result(s): The number of competing clinics is not strongly associated with ART birth and multiple birth rates.
Relative to clinics with no competitors, the rate of multiple births per cycle is lower (�0.03 percentage points)
only for clinics with more than 15 competitors. Embryo transfer practices are not statistically significantly asso-
ciated with the number of competitors. Clinic-level competition is strongly associated with patient mix. The pro-
portion of cycles for patients under 35 years old is 6.4 percentage points lower for clinics with more than 15
competitors than for those with no competitors.
Conclusion(s): Competition among fertility clinics does not appear to increase rates of multiple births from ART
by promoting more aggressive embryo transfer decisions. (Fertil Steril� 2010;93:1820–30. �2010 by American
Society for Reproductive Medicine.)
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Over the past three decades, there has been a sharp rise in the
number of multiple births, twins and higher order, in the
United States. In the 1970s, twins occurred in 1.8% of all
births in the United States, and triplets and higher order mul-
tiples occurred in only 0.29% of births. By 2004, the twin rate
had almost doubled (3.23% of births), while the high-order
birth rate (triplets and higher) had increased more than five-
fold to 1.8% of births (1). The increased use of infertility
treatments has been a key factor driving these trends (2).
Although the high-order multiple-birth rate has declined
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slightly in the past few years, the twin rate continues to rise
(1). This shift may be due to a national trend toward transfer-
ring fewer embryos during assisted reproductive technology
(ART) cycles (3, 4).

Some have suggested that the demand for high rates of
pregnancy among women treated for infertility has encour-
aged a tacit acceptance of certain complications of the treat-
ment, particularly multiple gestations (5). Although
transferring more than one embryo in a given cycle increases
the likelihood of a pregnancy, it also increases the risk of
a multiple pregnancy (6). Transferring two embryos is asso-
ciated with a more than threefold increase in the birth rate and
a more than 16-fold increase in the twin birth rate. Transfer-
ring additional embryos is not associated with an increase in
either overall or twin-birth-rates, but it is associated with an
increase in the rate of high-order multiple births (6).

The desirability of multiple births, particularly twins, is
controversial. Although it is readily accepted that triplets
and higher order multiple pregnancies are high risk, many pa-
tients perceive twins as a favorable outcome (5, 7–11).
0015-0282/10/$36.00
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However, perinatal morbidity and mortality is higher for
twins (12–14), and the maternal and fetal risks of twin preg-
nancies may be underestimated by patients and their physi-
cians (11, 15, 16). Some clinicians believe the risks of
multiples are exaggerated, and others believe the risks do
not apply to their patients, particularly if they are older
(17). These physicians believe that, because the overall birth
rate is lower for older patients, the risk of multiple births is
minimal.

Some investigators have argued that competition among
clinics providing ART has contributed to the sharp rise in
multiple birth rates in the past two decades (11, 13, 15, 18,
19). The concern is that clinics competing for patients re-
spond to patient demand to conceive in fewer cycles at lower
cost by transferring more embryos per cycle. Although trans-
ferring more embryos increases the likelihood of a birth in
a given cycle, it also leads to an increase in multiple birth
rates among patients being treated for infertility. Concerns
surrounding success rates and competition for patients as
well as professional livelihood and status may have ‘‘dis-
torted a clear assessment of acceptable and appropriate risks
following ART’’ (17).

The widespread availability of information on clinic out-
comes may compound these pressures. The Fertility Clinic
Success Rate and Certification Act of 1992 made the report-
ing and public dissemination of clinic outcomes mandatory.
The data are now easily accessible on the Internet, and pa-
tients do consider success rates when choosing clinics (20,
21). Many believe that, in a health-care market driven by
such league tables, providers face pressure to maximize preg-
nancy rates at the expense of higher multiple birth rates (15,
22). However, little evidence of this type of effect exists. In-
deed, two prior studies have documented that clinics in more
competitive markets have lower rates of multiple births than
those in more competitive markets (23, 24).

We evaluated whether greater competition among pro-
viders of infertility treatments is associated with higher mul-
tiple birth rates. Similar to existing studies, we examined the
relationship between clinic competition and rates of births
and multiple births. Our analysis departs from existing stud-
ies by adopting a different measure of competition. Existing
studies defined markets based on the geopolitical area in
which the clinic is located, but we identify a clinic’s compet-
itors as those within 20 miles (32.19 km) of that clinic. In
addition, we directly examine the relationship between the
number of competitors and both embryo transfer rates and
patient characteristics to provide evidence on the mechanism
by which competition is associated with rates of multiple
births.
MATERIALS AND METHODS

Data Sources

Assisted reproductive technology The primary source of
data for our analysis is the clinic-level reports of utilization
and outcomes of infertility treatments produced by the Soci-
Fertility and Sterility�
ety for Assisted Reproductive Technologies (SART), an affil-
iate of the American Society for Reproductive Medicine
(ASRM). In 1989, SART established a voluntary reporting
system for clinics that provide ART by collecting information
about the utilization and outcomes of these services. The Fer-
tility Clinic Success Rate and Certification Act of 1992 fed-
erally mandated participation in the system. The results are
compiled annually by the U.S. Centers for Disease Control
and Prevention (CDC), and the first national report under
this law was completed in 1995. Despite the federal require-
ment for reporting annual data, up to 10% of clinics annually
have either failed to report their data to the CDC or did not
provide verification that the tabulated success rates were cor-
rect (5). These clinics are identified in the CDC/SART re-
ports, although their results are not reported. This dataset
includes 2531 total clinic-years from 1995 to 2001. We
used all clinics identified in the CDC/SART reports to calcu-
late our measures of competition, but our analysis was lim-
ited to the 2374 clinics that reported their results.

The CDC/SART data are publicly accessible from the CDC
website (http://www.cdc.gov/ART/index.htm). For each
clinic, the CDC/SART reports include the number ART cy-
cles performed by the source of the oocytes (fresh embryos
from nondonor eggs, frozen embryos from nondonor eggs,
and donor eggs). The reports also provide the percentages
of cycles resulting in live births and the percentage of live
births that included multiple infants. Clinics do not report
use of less invasive therapies such as ovulation induction
and artificial insemination.

We calculated the numbers of ART cycles performed in
each clinic. From the percentages provided in the CDC/
SART reports, we then calculated the number of births, sin-
gleton births, multiple births, the proportion of patients under
age 35 years, and the age-weighted mean number of embryos
transferred per cycle for each clinic for each year. As it is
common practice to transfer more embryos in women of
older age, the mean number of embryos transferred is
weighted by the number of cycles performed in women of
each age group by each clinic. Because the reports do not in-
clude the number of multiple births resulting from transfer of
frozen embryos or embryos conceived with donor oocytes, all
calculations are based on the transfer of fresh embryos from
a patient’s oocytes. Although excluding these other types of
cycles may bias our analysis, this bias is likely to be small be-
cause 81% of all ART cycles in the analysis are fresh cycles
from nondonor oocytes. In addition, the bias will affect our
results only if rates of donor or frozen cycles vary by the level
of competition.

We analyzed births rather than pregnancies because births
are the outcome relevant to patients and populations, and
pregnancies serve only as a surrogate of this outcome.
Some may argue that the number of multiple pregnancies
serves as a surrogate for the number of embryos transferred,
but rather than using this surrogate, we directly examined
embryo transfer rates. Finally, we examined differences in
outcomes by patient age, but the analysis was limited to
1821

http://www.cdc.gov/ART/index.htm


women under 35 and 35 and over because this is the only age
breakdown that has remained consistent over the years of the
study.

Measuring competition Our measure of competition is based
on the number of clinics within 20 miles of a given clinic. We
identified the postal ZIP code of each clinic from information
on the address, city, and state in the CDC/SART report, and
mapped the ZIP code of each clinic to the relevant county.
We obtained the latitude and longitude of the centroid of
the ZIP code from the United States Census Bureau (25) for
each clinic and calculated the distance between each clinic
using the great circle distance formula:

Distance ¼ 3693:0 � arcos½sin ðlat1=57:2958Þ
� sin ðlat2=57:2958Þ þ cos ðlat1=57:2958Þ
� cos ðlat2=57:2958Þ
� cos ððlon1 � lon2Þ=57:2958Þ�

We identified a clinic’s competitors as those within 20
miles of the clinic and recalculated the number of competi-
tors faced by each clinic for each year of analysis.

To allow for nonlinear effects of the number of competitors
on the study outcomes, we used a categorical rather than a con-
tinuous measure of the number of clinics. The categories in-
clude monopoly (one clinic within a 20-mile radius) as the
basis of comparison, low competition (two to three clinics),
moderate competition (four to five clinics), high to moderate
competition (5 to 10) clinics, high competition (11 to 15
clinics), and very high competition (>15 clinics).

Market characteristics We included controls for local char-
acteristics that may affect demand for infertility treatments,
independent of the number of competitors. The models in-
clude the number and age distribution by 5-year increments
of women in the age group most likely to use ART services
(25 to 44 years old) in the county from 1995 to 2001 (26).
Other control variables include the minority rate, per capita
personal income, the unemployment rate, and the proportion
of adults with at least a college education. We obtained infor-
mation on the minority rate from the U.S. Census Bureau (26),
county-level income from the U.S. Department of Commerce
Bureau of Economic Analysis (27), and unemployment statis-
tics from the U.S. Department of Labor Bureau of Labor Sta-
tistics (28). All dollar values were converted to 2001 U.S.
dollars using the Consumer Price Index (29). From the Area
Resource File (30), we obtained the number of adults (over
age 25) with college degrees. For data that was not available
for all years, we imputed missing values assuming a linear
trend.

The model also includes binary indicators of the county in
which the clinic is located. These county fixed effects control
for characteristics ofcounties that areconstantover time.Because
mandatesareadoptedat thestate levelandnostateadoptedaman-
date during the period of our study, insurance mandate status is
1822 Henne and Bundorf Competition and ART outcomes
constant within a county during the period of our study. Thus,
county fixed effects serve as controls for state mandate status.

All data analyzed in this study are publicly available
through the CDC and other government Web sites. Because
no patient-specific data were collected or analyzed, this study
did not require approval from our institutional review board.

Statistical Analysis

We first presented bivariate analyses of the relationship be-
tween the number of competitors and the dependent variables
in our analyses. The variables include births per cycle initi-
ated (both singleton and multiple births), mean number of
embryos transferred per cycle, and the proportion of ART
births with multiple fetuses.

We then estimated multivariate models of the relationship
between outcomes and competition, controlling for a variety
of market characteristics that may affect demand for infertil-
ity treatments. The key independent variable is the measure
of competition, the number of clinics within a 20-mile
radius, for each clinic in a given year. The control variables
include categorical indicators of the county in which the
clinic is located to control for differences across clinics in
the characteristics of local markets that are fixed over time
and categorical indicators of year to control for trends over
time that are common to all areas. In addition, we included
the number and age distribution of women aged 25 to 44
years in the market, the minority rate, the unemployment
rate, the per capita personal income, and the proportion of
adults over age 25 years with at least a high school education
(Table 1). Because the models included county fixed effects,
these variables control for changes over time in these factors
that vary across counties.

To provide evidence on the mechanisms by which compe-
tition is related to clinic outcomes, we also examined the
relationship between competition and embryo transfer prac-
tices. The dependent variable in these models is the average
number of embryos transferred per cycle in the clinic,
weighted by the proportion of patients of different ages
treated by the clinic.

Patient characteristics also influence the likelihood of
a live birth following IVF. The only risk factor that is linked
to outcomes available in the CDC/SART reports is the age
distribution of patients treated. The patients with the highest
probability of success are those under the age of 35, with
a 37% chance of a live birth after a single treatment of
IVF. The likelihood of success begins to fall rapidly for
women over 35 years old (6). To evaluate the effect of patient
characteristics on the relationship between competition and
outcomes, we also estimated models of the proportion of
cycles performed in patients under the age of 35 and re-esti-
mated all models of outcomes and embryo transfer rates
separately for women under age 35 and women age 35 years
and older.

All models were estimated using ordinary least
squares regression at the clinic-year level, allowing for
Vol. 93, No. 6, April 2010



TABLE 1
Independent variables, 1995–2001 (observations [ 2374).

Variable Mean Standard deviation Minimum Maximum

Number of women age 25–44 y (1000) 713.6 852.76 9.85 2,994.01
Number of women age 25–44 y

(squared) (1,000,000)
12.3 � 105 25.00 � 105 97.00 89.64 � 105

Proportion of reproductive age women
age 25–29 y

23.1 0.16 17.07 32.25

Proportion of reproductive age women
age 30–34 y

24.9 0.11 21.30 28.66

Proportion of reproductive age women
age 35–39 y

26.6 0.81 22.31 29.18

Minority proportion of population 32.1 15.65 1.85 79.73
Per capita personal income (thousands $) 31.3 5.57 5.99 61.13
Unemployment rate 7.2 9.61 1.32 79.53
Percent adults college degree 27.3 5.70 14.21 48.78

Henne. Competition and ART outcomes. Fertil Steril 2010.
heteroskedasticity and nonindependence within clinics over
time in the error terms when calculating the statistical signif-
icance of the results. Statistical analysis was performed using
Stata, version 8 (Stata Corporation, Cary, NC).
FIGURE 1

Number of ART clinics within 20-mile radius by year, 199
reduction of markets of particular sizes. The blue highligh
sizes. aPercentage in parentheses.
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Fertility and Sterility�
RESULTS

The number of clinics performing ART and the number
of ART cycles grew rapidly in the United States between
1995 and 2001.The number of clinics performing ART in
5–2001.The yellow highlighted areas emphasize the
ted areas emphasize the increase in markets of larger
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the United States (including the District of Columbia, ex-
cluding Puerto Rico) increased 62% from 257 in 1995 to
416 in 2001. The number of ART cycles performed na-
tionwide increased at a faster rate during this time pe-
riod, from 52,658 in 1995 to 100,242 in 2001 (90%
increase).

The amount of competition among clinics also increased
dramatically during this period (Figure 1). In 1995, 61 clinics
(24%) were monopolies (i.e., one clinic in a 20-mile radius),
34% (88 clinics) had only one to two competitors (two to three
clinics within a 20-mile radius), and there were no clinics with
>15 competitors within a 20-mile radius. By 2001, only 14%
(52 clinics) were monopolies, and only 29% (111 clinics) had
only one to two competitors (two to three clinics within
20-mile radius). However, an increasing proportion of clinics
had at least five competitors (6 to 10 clinics within a 20-mile
radius), and 13% of clinics (48) had more than 15 competitors
(R15 clinics within a 20-mile radius).

Based on the bivariate analyses, competition appears to
have little relationship with treatment outcomes (Table 2).
Birth and multiple birth rates are similar across all levels of
competition. At different levels of competition, the mean
birth rate per cycle ranges from 24% to 25%, and the single-
ton birth rate per cycle is consistently approximately 15%.
Rates of multiple births per cycle range from 7% to 9%,
and rates of multiple births per birth range from 34% to
35% at different levels of competition. However, the propor-
tion of cycles for women under 35 years of age declines with
the number of competitors. Although the bivariate compari-
sons provide little evidence of relationship between competi-
tion and birth outcomes, we estimated multivariate models to
determine if these results are confounded by trends over time
in outcomes or demographic and socioeconomic characteris-
tics of markets.
Multivariate Analysis

We found no evidence of a statistically significant relation-
ship between competition and birth and singleton birth rates
in the multivariate models (Table 3). Clinics with many com-
petitors (>15) have 0.03 (P¼.011) fewer multiple births per
ART cycle initiated; however, this does not translate to
a lower proportion of births that are multiples. A small in-
crease in the multiple-birth rate per cycle at low levels of
competition relative to single-clinic markets was not statisti-
cally significant and quickly reversed. The test that the coef-
ficients on the categorical indicators of competition are
jointly zero approaches statistical significance (P¼.058).

From the analysis of clinic outcomes, it appears that increas-
ing competition is associated with slightly lower rates of mul-
tiple births at high levels of competition. We tested the
hypothesis that the mechanism by which clinics with many
competitors reduce multiple birth rates is by transferring fewer
embryos by estimating models of the relationship between
competition and the mean number of embryos transferred per
cycle. We found no evidence that the level of competition is
Vol. 93, No. 6, April 2010



TABLE 3
Effect of competition on clinic-level outcomes, 20-mile radius, 1995–2001.a

Number of clinicsb Births/cycle P value Singletons/cycle P value Multiples/cycle P value Multiples/birth P value

2–3 clinics 0.004c (0.013)d NS 0.0003 (0.008) NS 0.001 (0.007) NS 0.01 (0.019) NS
4–5 clinics �0.01 (0.017) NS �0.01 (0.011) NS �0.001 (0009) NS 0.03 (0.025) NS
6–10 clinics �0.01 (0.018) NS �0.01 (0.011) NS �0.01 (0.009) NS 0.01 (0.025) NS
11–15 clinics �0.02 (0.023) NS �0.01 (0.014) NS �0.02 (0.012) .13 �0.02 (0.028) NS
>15 clinics �0.04 (0.023) .14 �0.02 (0.014) NS �0.03 (0.010) .01 �0.03 (0.030) NS
Observations 2374 2374 2374 2349f

R squarede 0.31 0.23 0.21 0.15
F statistic for

competition
0.85 NS 0.89 NS 2.15 .058 1.61 .16

a Models were estimated using multivariate ordinary least squares regression analysis. Control variables include year and market fixed effects as well as the size of the
relevant population in singular and quadratic forms, the distribution of the population by age, minority rate, mean per capita personal income, unemployment rate, and
percentage of adults with a college education.

b The reference category is monopoly market (1 clinic within 20-mile radius).
c The values represent the regression coefficient of the model. Clinics in markets with 2–3 clinics had 0.004 more births per cycle (although not statistically significant) than

monopoly clinics.
d Robust standard errors in parentheses.
e R squared is the proportion of the variation in the dependent variable that is explained by the independent variables in the model.
f As some clinics had no births during a reporting year, the number of observations with the number of births as the denominator is lower than the number of reporting

clinics.
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TABLE 4
Effect of competition on the number of embryos transferred and patient selection, 1995–2001.a

Number of clinics
Mean number

of embryos P value
Proportion of young

patients (<35) P value

2–3b �0.08c (0.092)d NS �0.34 (1.185) NS
4–5 �0.03 (0.139) NS �2.45 (1.767) NS
6–10 �0.02 (0.134) NS �3.06 (1.744) .08
11–15 �0.06 (0.150) NS �5.94 (2.248) .01
>15 0.02 (0.148) NS �6.38 (2.667) .02
Observations 2374 2374
R squarede 0.55 0.45
F statistic for competition 0.53 NS 2.04 .07

a Models were estimated using multivariate ordinary least squares regression analysis. Control variables include year and
market fixed effects as well as the size of the relevant population in singular and quadratic forms, the distribution of the
population by age, minority rate, mean per capita personal income, unemployment rate, and percentage of adults with
a college education.

b The reference category is monopoly market (1 clinic within 20-mile radius).
c The values represent the regression coefficient of the model. Clinics in markets with 2–3 clinics transferred 0.08 fewer

embryos per cycle (although not statistically significant) than monopoly clinics.
d Robust standard errors in parentheses.
e R squared is the proportion of the variation in the dependent variable that is explained by the independent variables in the

model.
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associated with the number of embryos transferred (Table 4).
We cannot reject the hypothesis that the coefficient for each
of the categorical variables is zero nor can we reject the hypoth-
esis that the coefficients on these variables are jointly zero.

An alternative explanation for the association between
competition and lower multiple birth rates is that competi-
tion is associated with changes the underlying patient
mix, and this influences the probability that a cycle results
in a multiple birth. These patient characteristics potentially
include age, hormone levels, cause and/or duration of infer-
tility, and history of previous live birth or miscarriage. The
only patient characteristic available in the CDC/SART data
that is linked to outcomes is the age distribution of the pa-
tients treated by a clinic. The birth rate, the multiple birth
rate, and the proportion of births that are multiples are lower
for older women, despite the transfer of more embryos per
cycle.

Competition is strongly associated with the distribution
of cycles by patient age (see Table 4). The proportion of
young patients is 3.06% lower for moderately competitive
clinics (6 to 10 clinics within 20 miles) compared with
monopoly clinics. The relationship between competition
and patient selection becomes even more pronounced at
higher levels of competition. The proportion of young pa-
tients treated at clinics facing the greatest number of com-
petitors is 6.38% (P¼.02) lower than that of monopoly
clinics. The test of whether the coefficients on the categor-
ical indicators of competition are jointly zero also ap-
proaches statistical significance (P¼.07). Because rates
1826 Henne and Bundorf Competition and ART outcomes
of multiple births are lower in older patients, it is likely
that the age distribution of patients, rather than differences
in embryo transfer practices, contributes to the reduction
in multiple births after ART seen in highly competitive
markets.

We investigated this further by estimating models of birth
outcomes and embryo transfer rates separately by age group
(Table 5). For women under age 35, the effects of competition
are similar to those when all ages are analyzed together. Total
and singleton birth rates per cycle are not associated with
competition; however, the rate of multiple births per cycle
is 0.04 lower at the highest level of competition relative to
monopoly (P¼.05). This does not result in a net change in
the rate of multiple births per ART birth, and we found no
evidence that competition is associated with the number of
embryos transferred.

The results for women age 35 years and older differed
from those from the pooled sample. Although we found
some evidence that births per cycle are lower for clinics fac-
ing the highest level of competition, this effect was driven
primarily by singleton rather than multiple births per cycle.
Rates of both total births and singleton births per cycle are
0.03 lower in clinics with many competitors (>15 clinics)
than in monopoly clinics, and this approaches statistical sig-
nificance (P¼.09). However, neither multiple births per cy-
cle nor multiples per ART birth vary by the level of
competition. In addition, the results provide no evidence
that embryo transfer rates are associated with the number
of competitors.
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TABLE 5
Effect of competition on outcomes by patient age, 1995–2001.a

Number of clinicsb
Births/
cycle

P
value

Singleton/
cycle

P
value

Multiples/
cycle

P
value

Multiples/
birth

P
value

Mean number
of embryos

P
value

Women age <35 y
2–3 0.01c (0.017)d NS 0.01 (0.017) NS 0 (0.009) NS 0 (0.024) NS �0.07 (0.105) NS
4–5 �0.01 (0.021) NS 0 (0.021) NS 0 (0.013) NS 0.03 (0.027) NS �0.02 (0.162) NS
6–10 0 (0.022) NS 0 (0.022) NS �0.01 (0.013) NS 0 (0.028) NS 0.02 (0.155) NS
11–15 0.01 (0.027) NS 0.01 (0.027) NS �0.02 (0.017) NS �0.03 (0.035) NS �0.04 (0.176) NS
>15 �0.03 (0.028) NS �0.03 (0.028) NS �0.04 (0.019) .05 �0.04 (0.038) NS 0.12 (0.185) NS
Observationse,f 2372 2372 2372 2326 2372
F statistic for

competition
1.17 NS 1.17 NS 1.17 NS 1.10 NS 0.8 NS

Women age R35 y
2–3 �0.01c (0.012)d NS �0.01 (0.012) NS 0 (0.005) NS 0.04 (0.034) NS �0.10 (0.098) NS
4–5 �0.01 (0.016) NS �0.01 (0.016) NS 0 (0.007) NS 0.03 (0.045) NS �0.05 (0.137) NS
6–10 �0.02 (0.016) NS �0.01 (0.016) NS 0 (0.008) NS 0.07 (0.042) NS �0.07 (0.136) NS
11–15 �0.01 (0.020) NS �0.01 (0.020) NS 0 (0.010) NS 0.04 (0.046) NS �0.10 (0.151) NS
>15 �0.03 (0.020) .09 �0.03 (0.020) .09 �0.01 (0.009) NS 0.01 (0.044) NS �0.13 (0.145) NS
Observationse,f 2366 2366 2366 2276 2366
F statistic for competition 0.69 NS 0.69 NS 1.28 NS 1.83 NS 0.39 NS

a Models were estimated using multivariate ordinary least squares regression analysis. Control variables include year and market fixed effects as well as the size of the
relevant population in singular and quadratic forms, minority rate, mean per capita personal income, unemployment rate, and percentage of adults with a college
education.

b The reference category is monopoly market (1 clinic within 20-mile radius).
c The values represent the regression coefficient of the model. For example, in women under age 35 years, clinics in markets with 2–3 clinics had 0.01 more births per

cycle (although not statistically significant) than monopoly clinics.
d Robust standard errors in parentheses.
e R squared is the proportion of the variation in the dependent variable that is explained by the independent variables in the model.
f All clinics did not treat patients of all ages. Of 2374 clinics, only 2372 performed cycles in women under age 35 years, and 2366 performed cycles in women over age

35 years. For this reason, the number of observations analyzed is lower for models of outcomes by age than for models in the data are pooled by age.
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1 In 2000, the U.S. Office of Management and Budget (OMB) announced

the adoption of standards for defining metropolitan and micropolitan

statistical areas. These new standards replaced the 1990 standards

for defining metropolitan areas. In 2003, these metropolitan and micro-

politan statistical areas were redefined as core-based statistical areas

(CBSAs). A CBSA consists of a county (or equivalent entity) and is de-

fined as ‘‘a geographic entity associated with at least one core, plus ad-

jacent territory that has a high degree of social and economic integration

with the core, as measured by commuting ties.’’ The core must have at

least 50% of its population in an urban area with at least 10,000 (micro-

politan) or 50,000 (metropolitan) people. A county qualifies as an outly-

ing county of the CBSA if at least 25% of the employed residents of the

county work in the core or at least 25% of workers in the county live in

the core. Any two or more adjacent CBSAs will form a Combined Statis-

tical Area (CSA) when there is at least 25% employment interchange

(commuting), or by local opinion if there is between 15% to 25%

employment interchange.
DISCUSSION

The effect of competition in health-care markets is controver-
sial, and studies of other health-care markets have produced
conflicting results. For example, some studies have found that
competition among hospitals led to reductions in overall
costs (31), but others found that competition increased costs
(32, 33). A potentially important issue in these types of stud-
ies is the existence of bias due to unobserved case mix and
patient selection (32, 34, 35).

Because the market for infertility services differs from
other health-care markets in several ways, it is particularly
important to understand the effects of competition in this set-
ting. Treatments for infertility are performed in outpatient
clinics and are largely elective, allowing patients more oppor-
tunity to choose their providers than they may have in urgent
settings. The relevant outcomes, births and multiple births as
a proportion of treatment cycles, are easily measured, and suc-
cess rates for clinics providing ART services are readily avail-
able to the public for review and comparison. Finally,
infertility treatments are often not covered by insurance but
instead are paid directly by the patients. Because of these
differences, the effects of competition on the market for infer-
tility services may differ from those in other health-care
markets.

We found that multiple births per ART cycle are lower
rather than higher, as has been suggested, for clinics in highly
competitive markets. However, we found no evidence that
this was a result of differences in embryo transfer practices.
Rather, it may be due to differences in patient mix. Relative
to monopoly clinics, clinics with many competitors treat
a lower proportion of young patients, and success rates for
fertility treatments are lower for older women. Age was the
risk factor we were able to examine, but it is conceivable
that clinics in highly competitive markets also treat a greater
proportion of women with other factors that may reduce their
likelihood of success.

The potential for patient case mix to explain lower rates of
multiple births in highly competitive markets is supported by
our separate analyses of younger and older women. We did
not find evidence of a strong relationship between competi-
tion and the number of embryos transferred per cycle for ei-
ther older or younger women. In younger women, we found
that multiple birth rates per cycle were lower in highly com-
petitive markets without a reduction in singleton birth rates.
However, in older women, we found that a reduction in birth
rates was driven by a reduction in singleton births without
a contribution by differences in multiple birth rates. These
findings suggest that unobserved patient mix, rather than em-
bryo transfer practices, drives the observed reductions in
birth rates.

Two recent studies have found that competition among
fertility clinics is associated with lower rates of multiple
births (23, 24). Both defined markets based on geopo-
litical boundaries, such as the Metropolitan Statistical
Areas, Core-Based Statistical Areas, Combined Statistical
1828 Henne and Bundorf Competition and ART outcomes
Areas1 or the county. Our study contributes to this liter-
ature by testing an alternative market definition. Depend-
ing on the definition, the geopolitical boundaries used in
other studies may be too small to account for all relevant
competitors or so large as to inappropriately include irrel-
evant clinics as competitors. We evaluated the effects of
competition defining markets based on the number of
clinics within a fixed radius.

Identifying the relevant competitors as clinics within a 20-
mile radius is correct only under certain assumptions. For
example, if there are many clinics to choose from within 20
miles, patients may be unwilling to travel greater distances
for care. Conversely, if there are very few clinics within 20
miles, it is likely they are in a more sparsely populated area
and there may be very few additional clinics located within
the greater distance. If these assumptions are correct, the geo-
political market definitions or larger market definitions may
misspecify the market.

We conducted a variety of tests to determine whether our
conclusions are sensitive to the 20-mile radius assumption.
We analyzed the impact of competition using geopolitical
market definitions and found no differences in outcomes at
any level of competition (data not shown). Also, when ana-
lyzing ART outcomes and treatment patterns of clinics, ex-
panding the market definition to a 50-mile radius did not
change the results of the models for outcomes but obscured
the effect of competition on patient selection (data not
shown). We also estimated models in which we included
the number of clinics within 20 miles as well as the incre-
mental number of clinics within 20 to 50 miles as indepen-
dent variables. The coefficients on the variables measuring
the number of competitors within 20 to 50 miles were not
statistically significant (data not shown). Finally, we inter-
acted each category of competition at a 20-mile radius
with an indicator of whether there were additional clinics
within an additional 30-mile increment. Again, the coeffi-
cients with this interaction were not statistically significant
(data not shown). In general, our results suggested that
they were not sensitive to the choice of 20 miles as the radius
to define competitors.
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Like Steiner et al. (23), we did not find that competition
was associated with overall birth rates per ART cycle, but it
was associated with a reduction in rates of multiple births. Al-
though they observed a greater difference in multiple rates at
more intermediate levels of competition, they measured high-
order multiple gestations whereas we measured all multiple
births. Because it is not possible to determine how many of
the high-order multiple gestations were reduced to twins or
singletons, actual births are a more concrete measure of the
impact of competition on ART outcomes. We further evalu-
ated embryo transfer practices, which have been suggested
to correlate with multiple gestations, but found no difference
in embryo transfer practices at various levels of competition.
However, we did find that greater competition was associated
with a change in patient mix; clinics with more competitors
treated a greater proportion of lower fertility women.

Hamilton and McManus (24) found that the numbers of
embryos transferred are lower in non-monopoly markets.
They proposed that their findings were not driven by patient
risk characteristics because low-fertility patients are likely to
transfer more, rather than fewer, embryos. However, women
with lower probability of success may also have fewer em-
bryos available to transfer. The number of embryos available
for transfer is more predictive of success than the number of
embryos actually transferred (16).

One potential limitation in our study was the use of the
fixed radius measure, which may not accurately measure
competition if the size of the market varies across areas
(36). For example, in rural areas, patients may be willing to
travel farther for treatment than in urban areas, creating
a larger geographic market. However, patient flow data would
be necessary to determine the extent to which the 20-mile
radius measure reflects actual treatment patterns (37, 38).

It is possible that our findings with respect to the relation-
ship between competition and patient mix are driven by
clinic location decisions. Markets may be more competitive
in areas where the demand for infertility treatment is greater
due to differences in patient characteristics, particularly the
age of women in the region. In fact, the coasts have much
more densely located ART clinics than the more central
states. If women in these markets are more likely to delay
childbearing for education and careers, then the proportion
of young patients seen in those markets would be lower.
We included controls for a variety of market-level demo-
graphics, but in the absence of detailed patient-level data,
it is possible that these types of differences affect results
across markets.

A potentially important difference across markets is the
extent to which insurers cover the treatment of infertility.
Many states have adopted mandates requiring insurers to
cover the treatment of infertility, and research examining
the effects of these mandates indicates that they influence
treatment patterns (39, 40) as well as the composition of
the population seeking treatment for infertility (41). In our
Fertility and Sterility�
analysis, we directly control for the presence of these types
of mandates by including binary indicators of the county in
which the clinic is located. These variables control for char-
acteristics of counties that are fixed over time. Because man-
dates are adopted at the state level and state mandate status
did not change during the period of our study, these county
fixed effects control for differences due to insurance man-
dates. Thus, our results are unlikely to be influenced by dif-
ferences across markets in regulations influencing the
extent of insurance coverage.

From these results, we conclude that the extent of compe-
tition among clinics providing ART is unlikely to influence
the number of embryos transferred as suggested by previous
studies. Instead, we argue that, in the most competitive mar-
kets, clinics provide a greater proportion of cycles for women
with a less favorable prognosis (i.e., older patients). Although
this may signal the existence of greater access to care for pa-
tients who might otherwise not have the opportunity for treat-
ment in less competitive markets, it is also possible that the
clinics are more likely to locate in areas with greater demand
for infertility treatment among poor-prognosis patients.
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