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           Introduction 

 Racial disparities are pervasive throughout the US health care system, as evidenced 
by minorities having more severe disease and poorer outcomes [ 1 ,  2 ]. The obstetric 
literature reports higher rates of maternal mortality, increased perinatal and neonatal 
mortality, and increased incidence of low and very low birth weight neonates among 
African Americans [ 3 – 6 ]. It is therefore reasonable to question the impact of racial 
disparity in gynecology, and more specifi cally, infertility and assisted reproductive 
technology (ART) outcomes. 

 Infertility is a major public health issue affecting more than six million women 
in the United States [ 7 ]. The number of ART clinics has been increasing steadily 
(from 300 clinics in 1995 to 361 clinics in 2008) as has the number of ART cycles 
being performed (from 59,142 cycles in 1995 to 140,795 cycles in 2008) [ 8 ,  9 ]. 
Despite increasing use of ART, black women in the United States have experienced 
an increase in the prevalence of infertility at the same time that infertility is decreas-
ing among white women [ 10 ]. The population-based rates of 12-month infertility 
determined by the National Survey of Family Growth in 1982 and 2002 were 7.8 
and 11.6 %, respectively, for black women and 11.6 and 7.1 %, respectively, for 
white women [ 10 ]. Among women seeking infertility treatment, black women are 
signifi cantly different with regard to socioeconomic position [ 11 ,  12 ] and marital 
status [ 12 ]. They have a higher prevalence of some risk factors for infertility such as 
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uterine fi broids [ 13 ], tubal disease [ 11 ,  13 ], and excess weight [ 14 ,  15 ]. In addition, 
the proportion of ART cycles provided for black and white women indicates that 
there was a racial disparity in the use of ART services in the United States at the 
beginning of the twenty-fi rst century. The US census data for the general population 
in the year 2000 showed 12.9 % of the population to be black and 75.1 % to be white 
[ 16 ,  17 ]. While black and white women made up 7.8 and 72.1 %, respectively, of 
married, reproductive-age women in the United States during 2002 [ 10 ], there were 
3,666 (4.6 %) cycles among black women and 68,607 (85.4 %) cycles among white 
women during 1999–2000, demonstrating underrepresentation of black women in 
this national dataset [ 18 ]. These social, environmental, and anatomic factors most 
likely play a signifi cant role in infertility disparities among black compared to white 
women. In addition, these and other factors are likely responsible for the growing 
evidence in the literature suggesting racial differences in ART outcomes. 

   Disparities in Infertility Care Access and Utilization 

 A growing number of studies have investigated the association between race/ethnic-
ity and ART outcomes. The fi rst US study of racial determinants of ART outcomes 
was published in 2000 by Sharara and McClamrock [ 15 ], studying black and white 
women seeking care at a university-based program in an insurance-mandated state. 
Women were excluded from analysis if they had specifi c anatomic predictors of 
poor outcome (hydrosalpinges and intracavitary lesions) or if they had biochemical 
evidence of diminished ovarian reserve (FSH of 11 IU/L or greater). Multiple cycles 
per women were studied. Compared with whites, black women were more likely to 
have a diagnosis of tubal factor infertility ( P  < 0.001), had higher mean BMI 
( P  = 0.038), and were more likely to require microdose Lupron Flare protocol during 
stimulation ( P  = 0.012). On average, black women had 1.3 more years of infertility 
before treatment than whites ( P  = 0.016). The groups were comparable by age, 
day-3 FSH levels, cycle cancellation rate, and multiple embryologic predictors of 
pregnancy (number of oocytes retrieved, number of embryos transferred). Black 
women had signifi cantly lower implantation and clinical pregnancy rates per cycle 
than white women (implantation rate 9.8 % in blacks vs. 23.4 % in white women, 
 P  = 0.0005; clinical pregnancy rate 19.2 % in blacks vs. 42.2 % in white women, 
 P  = 0.009). The ongoing pregnancy rate per cycle (a pregnancy beyond 20 weeks 
gestation or a live birth) was also signifi cantly lower in black than in white women 
(14.9 % vs. 38.8 %,  P  = 0.005) [ 15 ]. The signifi cant effect of race on ART outcomes in 
this study was likely mediated in part by differences in BMI and duration of infertility, 
which were not controlled in the analysis, making it diffi cult to determine the strength 
of race as an independent predictor of ART treatments. Conducting the study in a 
state with an insurance mandate to cover infertility services is a specifi c strength of 
this study, minimizing the impact of socioeconomic factors on ART outcomes. 
Indeed, 28 % of the patients treated in the study were black, signifi cantly more than 
the reported proportion of black women receiving ART treatments nationwide [ 13 ]. 
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However, despite the presence of a mandate, there was still a racial disparity in the 
duration of infertility before ART was initiated suggesting relative underuse of ART 
treatments by black women. This difference confi rms the growing literature showing 
that insurance mandates have not been able to completely bridge the racial gap in 
access to infertility services [ 9 ,  11 ,  19 ,  20 ]. For example, a survey of over 500 
women attending a fertility clinic in Massachusetts demonstrated that, even in a state 
with mandated insurance coverage for infertility services, those seeking services are 
predominantly white, highly educated, and wealthy [ 19 ]. 

 To explore the reasons why those populations of women with the greatest need for 
infertility care do not seek them out even when available, Missmer et al. [ 9 ] con-
ducted a survey among 743 women receiving infertility care at a university-based 
fertility center in a mandated state. Compared with whites, African-American 
women had been attempting to conceive for 20 months longer ( P  < 0.0001). African-
American women also found it more diffi cult to fi nd a physician with whom they 
felt comfortable, to get an appointment with a physician, to take time off from work 
for their appointment, and to pay for treatment ( P  < 0.0001). In addition, they 
reported that it was more diffi cult to get treatment specifi cally because of their race 
or ethnicity ( P  < 0.0001) or income level ( P  < 0.0001). Compared with white women, 
African-American women were three to four times more likely to be concerned 
about using science to conceive, the social stigma of infertility, and disappointing 
their spouse. Specifi cally, the social stigmatization of infertility was of great concern 
to African-American women as they were 6.6 times more likely to be concerned 
about friends and family fi nding out about their infertility treatment compared with 
white women [ 9 ]. Data from this survey suggest that there are cultural factors in 
addition to known pelvic pathology (i.e., tubal and/or uterine factor) that most likely 
contribute to lower and/or delayed use by nonwhite women of infertility care. 

 Feinberg et al. used a unique approach to control for the infl uence of limited 
health care access and other social factors on ART outcomes. The investigators 
compared ART utilization and outcomes in black and white women within the mili-
tary system, where improved access to care would be expected given the full access to 
diagnostic modalities and greatly reduced cost of IVF regardless of economic status 
or military rank. They examined a total of 1,457 patients undergoing fi rst- cycle 
fresh, nondonor ART [ 13 ]. In this equal-access-to-care setting, 17.4 % of the women 
studied were black: a fourfold increase in use compared with the US ART population. 
Black and white women were comparable with respect to age, day-3 FSH levels, 
amount of gonadotropin administered during stimulation, peak estradiol levels, 
number of mature oocytes retrieved, and number of embryos transferred. However, 
black women were nearly three times more likely than white women to have leiomy-
oma as a stated cause of infertility (odds ratio [OR] 2.85,  P  < 0.0001) and nearly 
twice as likely to be diagnosed with tubal factor infertility (OR 1.91,  P  < 0.0001). 
In an analysis that adjusted for the presence of fi broids (an independent predictor of 
outcomes in this series), the association between race and ART outcomes (clinical 
pregnancy rates, spontaneous miscarriage rates, and live birthrates) was not signifi -
cant [ 13 ]. While using a very specialized population such as the military enables to 
minimize the impact of limited health care access and other social factors on ART 
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outcomes, it compromises the generalizability of fi ndings to other groups of women. 
The investigators also acknowledge that sample size limitations may have hindered 
the ability to detect subtle differences in treatment outcomes by race [ 13 ]. It is pos-
sible that other investigations have also been limited by sample size constraints 
despite valid methodologic approaches. Of the four studies that found no associa-
tion between race and ART outcomes the sample sizes ranged from 251 to 1,135 
subjects, and none were as large as the Feinberg study, which showed no association 
[ 13 ,  21 – 23 ].  

   Studies Based on Society for Assisted Reproductive Technology 
(SART) Database 

 As this area of investigation has evolved, larger datasets have been examined allow-
ing a more thorough evaluation of ART outcomes in multiple racial/ethnic groups. 
Specifi cally, studies using data from the national registry of ART cycles in the 
United States collected by the Society for Assisted Reproductive Technology 
(SART) and maintained by the Centers for Disease Control and Prevention have 
circumvented issues of limited sample size and potential type two errors. As these 
reports have relied on registry data, a unique set of limitations in the interpretation 
of results must be considered. Specifi c information regarding socioeconomic status 
and other potential confounders such as BMI and direct measures of embryo quality 
is not uniformly available. The units of measure to determine treatment outcome 
must also be taken into consideration: registries track total number of cycles com-
pleted, which allows for individual patients to be represented in the dataset more 
than once, thus creating potential repeated-measure bias. Women who choose to 
repeat cycles when previous attempts have failed may be different than women who 
stop trying in ways that relate both to the risk factor of interest (race/ethnicity) and 
the outcome (pregnancy). Finally, in a recent systematic review of publications that 
used SART data from years ranging from 1999 to 2007, it was found that more than 
35 % of cycles could not be used for comparisons of racial/ethnic groups and repro-
ductive outcomes because the data on race/ethnicity were lacking [ 24 ], raising con-
cern for a potential selection bias. 

 Five large database studies have recently noted consistent fi ndings indicating 
racial/ethnic differences in ART outcomes between black and white women [ 18 , 
 25 – 28 ] (Table  5.1 ). One of the fi rst of these studies examined 80,390 nondonor 
cycles (both fresh and frozen) from SART for the years 1999 and 2000 [ 18 ]. 
Additional inclusion criteria included cycles from clinics that performed at least 
50 ART cycles annually and reported race >95 % of the time. Of the 80,390 cycles 
evaluated, 3,666 were among black women (4.6 %), 68,607 were among white 
women (85.4 %), and 8,036 (11.9 %) were among women of other races and eth-
nicities. Only outcomes in blacks and whites were compared. In this series, black 
women had a greater duration of infertility before ART than white women (40 vs. 
34 months for those having their initial cycle and 48 vs. 36 months for women 
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who had previously undergone ART [ P  < 0.001]). This translated to older mean 
ages for black women at treatment than for white women. When analyzing all 
cycles in the dataset, black women were less likely to experience a live birth per 
cycle of ART initiated compared with whites after controlling for age, parity, 
diagnosis, and clinic factors. It was also noted that the overall live birthrate per 
fresh nondonor cycle for black women (18.7 %) was below the lower 95 % confi -
dence interval (CI) for the rate among all races in the United States during 1999–
2000. In contrast, the live birthrate among whites (26.3 %) was above the 95 % CI 
for all races nationally ( P  value for difference in live birthrates between blacks 
and whites, <0.001). When restricting the analysis to patients receiving their fi rst 
ART cycle, black women were 24 % less likely to experience a live birth than 
whites when adjusting for the same confounders ( P  < 0.001). Black women who 
had been treated with ART previously were 38 % less likely to have a live birth 
per cycle ( P  < 0.001). There were no racial differences in live birth when compar-
ing frozen embryo transfer cycles [ 18 ].

   In a follow-up study, Seifer et al. [ 25 ] investigated trends in ART outcomes in 
black and white women by comparing SART database outcomes for 2004–2006 
with previously reported outcomes for 1999–2000. A total of 158,693 nondonor 
IVF cycles were analyzed. The proportion of cycles in which black women were 
treated for the fi rst time increased from 5.4 % in the 1999–2000 series to 8.4 % in 
the 2004–2006 series ( P  < 0.001) as did the proportion of cycles for black women 
with previous ART cycles (4.6–7.1 %,  P  < 0.001). However, trends in ART outcomes 
were signifi cantly worse for black women over time, representing an expansion of 
the disparity demonstrated in the analysis of 1999–2000 SART data. This widening 
of the gap in treatment outcomes may be explained in part by worsening of prognostic 
indicators in black women over time. The proportion of black women undergoing 
ART for the fi rst time who were over 35 years old increased in the 2004–2006 
assessment (57.9 %) compared with the 1999–2000 assessment (49.9 %) ( P  < 0.001). 

   Table 5.1    Summary of studies examining racial/ethnic disparities in ART outcome between 
black and white women based on SART data      

 Authors 
 SART data 
years 

 SART 
cycles 
analyzed 
( n ) 

 Clinical 
intrauterine 
gestation rate 
(%) 

  P -value 

 Live birthrate 
(%) 

  P -value  Black  White  Black  White 

 Seifer et al. [ 18 ]  1999–2000  80,309  27.7 a   33.6 a   <0.001  18.7 b   26.3 b   <0.001 
 Fujimoto et al. [ 26 ]  2004–2006  139,027  32.0 b   40.1 b   <0.0001  75.0 c   83.7 c   <0.0001 
 Seifer et al. [ 25 ]  2004–2006  158,693  29.3 a   38.3 a   <0.001  22.2 a   32.3 a   <0.001 

 76.9 d   84.8 d  
 Baker et al. [ 28 ]  2004–2006  225,889  32.2 b   40.5 b   <0.0001  75.1 c   83.7 c   <0.0001 
 Luke et al. [ 27 ]  2007  31,672  35.5 b   44.8 b   <0.0001  76.3 c   84.5 c   <0.0001 

   a Rate per cycle started without prior ART 
  b Rate per cycle started 
  c Live birthrate/pregnancy
dLive birthrate/pregnancy without prior ART  
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In addition, the proportion of black women treated for the fi rst time with the diag-
nosis of diminished ovarian reserve nearly doubled between these time points 
(7.5 % in 1999–2000 vs. 14.4 % in 2004–2006,  P  < 0.001). Signifi cant upward 
trends were also noted in the diagnosis of unexplained infertility and uterine factors 
in black patients ( P  < 0.0001) [ 25 ]. In accordance with these trends was a plateau in 
the likelihood of clinical pregnancy and live birth per cycle of ART in black women. 
The live birthrate per cycle initiated in black women (fi rst cycle of ART) in 1999–2000 
was 20.7 % compared with 22.2 % in 2004–2006 ( P  = 0.19). In contrast, trends in 
white women showed improvements in both clinical pregnancy (fi rst-cycle ART 
clinical pregnancy rate/cycle of 33.6 % in 1999–2000 vs. 38.3 % in 2004–2006, 
 P  < 0.001) and live birthrate over time (fi rst-cycle ART live birthrate/cycle 28.4 % in 
1999–2000 vs. 32.3 % in 2004–2006). In the 2004–2006 assessment, black women 
treated for the fi rst time were 31 % less likely to achieve a live birth than white 
women (adjusted relative risk 1.31, 95 % CI 1.26–1.37). Compared to the adjusted 
relative risk of fi rst-cycle treatment failure for blacks compared to whites in the 
1999–2000 series (1.24) this updated result represents a signifi cant widening gap in 
treatment outcome. Black women who had ever had prior ART treatment were 33 % 
less likely than whites to achieve a live birth ( P  < 0.001), which was comparable to 
the risk in the 1999–2000 assessment (adjusted relative risk 1.38). Finally, a 10 % 
lower adjusted odds of live birth after transfer of cryopreserved embryos was noted 
in black women compared with white women, a difference which was not demon-
strated in the 1999–2000 cycle data analysis [ 18 ]. This analysis raises concern of a 
growing disparity in ART outcomes over time. 

 Additional studies have used SART to investigate disparities in ART outcomes. 
Fujimoto et al. have investigated ART outcomes in multiple racial/ethnic groups 
based on SART registry data [ 26 ]. A total of 139,027 nondonor ART cycles 
between 2004 and 2006 were assessed. Outcomes were compared between white, 
black, Asian, and Hispanic women. Compared with the referent group of white 
women, all other groups had lower live birthrates adjusting for maternal age, num-
ber of embryos transferred, and infertility diagnosis ( P  < 0.0001). Black women 
(8,903 cycles, 6.5 % of total cycle number) had similar clinical pregnancy rates as 
white women but were 38 % less likely to achieve a live birth. All ethnic groups 
studied had signifi cantly higher miscarriage/stillbirth rates than white women 
( P  < 0.0001) [ 26 ]. Baker et al. have published the largest evaluation to date of ART 
outcomes based on SART registry data [ 28 ]. Their study population included 
225,889 fresh nondonor ART cycles between 2004 and 2006 in multiple racial/
ethnic groups. Compared with white women all other racial/ethnic groups were 
less likely to achieve a clinical intrauterine pregnancy. Black women had signifi -
cantly lower rates of clinical intrauterine gestation compared with white women 
(32.2 % vs. 40.5 %,  P  < 0.0001). Compared with white women, Hispanics and 
Asians had a signifi cantly greater risk of pregnancy loss in the second and third 
trimesters, and blacks had a signifi cantly greater risk of pregnancy loss in all tri-
mesters ( P  < 0.0001). In addition, black women had signifi cantly decreased live 
birthrate/pregnancy compared with white women (75.1 % vs. 83.7 %,  P  < 0.0001). 
In an attempt to eliminate the effects  obesity may have on racial disparities in 
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reproductive outcomes following ART, Luke et al. examined a total of 31,672 ART 
cycles from the SART database in 2007 and stratifi ed them according to patient 
BMI categories [ 27 ]. Within BMI categories, there were substantial racial and eth-
nic disparities, with black women signifi cantly more likely to have adverse treat-
ment and pregnancy outcomes. Among normal-weight women, the adjusted odds 
ratio (AOR) of failure to achieve a clinical intrauterine gestation was 1.18 for black 
women (1,954 cycles, 6.0 % of total cycle number) compared with the reference 
group of white women, although this difference did not reach statistical signifi -
cance ( P  = 0.10). Compared with white women, the AOR of failure to achieve a live 
birth was 1.45 for black women ( P  = 0.04). These racial differences in ART out-
comes were more pronounced in the obese population. Compared with obese white 
women (BMI > 30), the AOR of failure to achieve a clinical intrauterine gestation 
and the AOR of failure to achieve a live birth were 1.47 ( P  < 0.0001) and 1.84 
( P  = 0.002), respectively, for obese black women [ 27 ]. 

 Despite the acknowledged limitations of these large studies, there is a consis-
tent fi nding of race/ethnicity as a risk factor for poor ART outcomes after adjust-
ing for many confounders. While environmental, socioeconomic status, behavioral, 
and anatomic factors are likely contributors to disparities in ART outcomes 
between black and white women, signifi cant differences still remain even when 
these factors are controlled for, suggesting that genetic factors may also play an 
important role.  

   Possible Genetic Factors and ART Outcome Disparities 

 Seifer et al. reported a signifi cant difference in the mean level of anti-Mullerian hor-
mone (AMH), a surrogate marker of ovarian aging, as a function of race or ethnicity 
[ 29 ]. After controlling for age, BMI, smoking, and HIV status, black women had 
lower average AMH values compared with white women (25.2 % lower,  P  = 0.037). 
This study presented the fi rst biochemical evidence of a difference in ovarian aging 
between black and white women. Implications of these fi ndings may have potential 
broad applications for the life planning of minority women. As such, this information 
may infl uence minority women and their physicians to seek/provide infertility treat-
ment earlier if pregnancy is not easily accomplished. 

 Another genetic risk factor which is likely related to racial disparities in ART 
outcome is estrogen receptor alpha polymorphism. The estrogen receptor (ER) 
plays an important role in mediating estrogen action on target tissues. Two subtypes 
of ER are known, ER-alpha encoded by the ESR1 gene on chromosome 6 [ 30 ] and 
ER-beta encoded by the ESR2 gene on chromosome 14 [ 31 ]. ER-alpha, the fi rst 
identifi ed and the most abundant, is found in all human reproductive tissues. The 
overall prevalence of the ER-alpha PvuII homozygous (PP) genotype is signifi -
cantly higher in black women (35 %) than white (13 %) or Hispanic (16 %) women 
[ 32 ]. The higher prevalence of ER-alpha PP genotype in blacks has been associated 
with the increased occurrence of uterine leiomyoma [ 32 ], a well-known poor 
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prognostic factor in ART. Independent of the association with uterine fi broids, 
Georgiou et al. found ESR1 PvuII polymorphism in women to affect pregnancy rate 
following IVF [ 33 ]. Sundarrajan et al. corroborated their fi ndings [ 34 ]. In a study of 
200 IVF patients who had normal cycles with unexplained infertility despite exten-
sive workup, PvuII polymorphisms were evaluated and correlated with ART out-
comes. The pregnancy rate showed a strong negative correlation to the severity of 
PvuII polymorphism, being highest in the no polymorphism group (pp) and lowest 
in the homozygous (PP) group (88.9 % vs. 14.7 %,  P  < 0.001) [ 34 ]. These studies 
suggest a role for ER-alpha polymorphism in poor ART outcomes in black women. 
The ER gene could underlie variable responses to estrogens, from fetal to adult fol-
licular growth and differentiation. ESR variability may also suggest a variability in 
the rate of germ cell depletion throughout reproductive life. 

 Vitamin D levels have been shown to be lower in black compared with white 
women [ 35 ]. Causes related to lower vitamin D levels include deeper skin pigmen-
tation, decreased exposure to sunlight, and obesity. Low vitamin D levels have been 
associated with reduced pregnancy rates following IVF [ 36 ], suggesting that vita-
min D may be a factor contributing to racial disparities in ART outcome. Interestingly, 
AMH has been shown to correlate with vitamin D levels [ 37 ,  38 ], providing further 
support for a biological role for vitamin D in ovarian reserve and ART outcome. 

 Gleicher et al. reported that the distribution of fragile X mental retardation 
( FMR1 ) genotypes varies between Caucasian, African, and Asian women [ 39 ]. 
Based on a normal range of 26–34 (median 30) CGG repeats the authors used CGG 
counts on the two X chromosome alleles to defi ne whether a genotype is normal 
( norm ), heterozygous ( het ), or homozygous ( hom ). An individual was defi ned as 
 norm  when both alleles were within range,  het  by one allele outside, and  het-norm/
low  or  het-norm/high , depending on the abnormal count allele being above or below 
normal range. Both alleles outside range defi ned     hom.  The authors reported  het-
norm/low  to be associated with a PCO-like ovarian phenotype [ 40 ], rapidly deplet-
ing follicles (and ovarian reserve) [ 41 ], signifi cantly reduced pregnancy chances in 
IVF, and high risk towards autoimmunity [ 40 ]. In their study, African women dem-
onstrated signifi cantly reduced odds of pregnancy compared to white women after 
controlling for BMI and age (OR 0.27, 0.10–0.70;  P  = 0.007) [ 42 ]. African women 
demonstrated a preponderance of abnormally low-count CGG outliers [ 42 ], corre-
sponding to  het-norm/low , providing a possible explanation for their reduced IVF 
pregnancy rates. 

 In summary, accumulating evidence suggests that race/ethnicity is a risk factor 
for poor ART outcomes after adjusting for many confounders. The impact of race/
ethnicity on accessibility to ART centers requires additional study. Such research is 
needed to better understand if race/ethnicity refl ects genetic factors that may infl u-
ence ART outcomes or if these categories are proxies for socioeconomic status, 
environmental infl uences, or behavioral differences that contribute to outcomes. It 
is likely that some combination of these factors is responsible for the disparities that 
have been demonstrated.      
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