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Abstract
Purpose The objective of this study is to determine if IVF
outcome disparities exist among MENA women in the USA
in comparison to a control group of Caucasian women.
Methods A retrospective cohort study comparing MENA
(N = 190) and Caucasian (N = 200) women undergoing their
first IVF cycle between 5/2006 and 5/2014 was carried out at
an academically affiliated fertility practice. All MENA cycles
during that time period undergoing IVF/ICSI using autolo-
gous embryos and blastocyst transfers were compared to a
control group of Caucasian women.
Results MENA women were significantly younger (32.9
vs 34.5, P < 0.005) and had a lower BMI (25.2 vs 27.1,
P < 0.001). Male factor infertility was higher among
partners of MENA women (62 vs 50%, P < 0.05).
MENA women experienced decreased live birth rates per
blastocyst transfer compared to Caucasian women after
controlling for age and BMI (OR 0.55, 95% CI 0.35–
0.85 P = 0.007). The odds of a miscarriage were also
significantly higher among MENA women (OR 2.55,
95% CI 1.04–6.27 P = 0.036).
Conclusion Middle Eastern/North African women have
worse IVF outcomes with decreased live birth rates per

blastocyst transfer and increased miscarriage rates compared
to Caucasian women.

Keywords Ethnicity . Race . Arab American . IVF . Health
disparity

Introduction

Over the course of the last three decades, live births following
in vitro fertilization (IVF) went from the anecdotal to account-
ing for more than 1.5% of all live births in the USA [1].
However, access and outcomes in infertility treatment have
not benefited everybody equally. BIn the United States, eco-
nomic, racial, ethnic, geographic, and other disparities exist in
access to fertility treatment and in treatment outcomes^ writes
the ASRM Ethics Committee [2]. Moreover, the National
Institutes of Health has clearly defined addressing health dis-
parities as one of its priorities [3].

Ethnic minority groups living in the USA have decreased
access to infertility treatment while also experiencing inferior
outcomes following IVF [4]. A majority of previous studies
have demonstrated decreased live birth and clinical pregnancy
rates among women from African American/Black, Asian,
and Hispanic groups while some others offer opposing view-
points [5]. A recent review of studies utilizing the Society of
Assisted Reproduction Technology (SART) reporting data-
base concluded that all ethnic minorities studied experienced
inferior outcomes though the results are limited by the rela-
tively low rate of ethnic/racial self-identification [6]. While
the largest ethnic minorities such as African Americans,
Hispanics, and Asians are captured within SART reporting,
smaller though significantly large ethnic minorities cannot be
studied due to a lack of granularity within ethnic categories.
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Middle Eastern/North African (MENA) individuals have
historically been aggregated within the Caucasian ethnic
group despite significant sociocultural, historical, environ-
mental, behavioral, and genetic differences [7, 8].
Furthermore, the MENA region has among the highest rates
of primary infertility in the world [9]. Most recently,
Feichtinger et al. conducted the first study to specifically eval-
uate whether an ethnic disparity in infertility related charac-
teristics exists between MENA women and a European
Caucasian cohort [10]. While they did not find a difference
in pregnancy outcome, their findings suggest that MENA
women had lower oocyte yields despite presentation at a
younger age.

In many regards, the grouping of MENA individuals under
the umbrella of a Caucasian group is historical and bears es-
pecially little validity when used for medical or epidemiolog-
ical studies. Individuals from a MENA ancestry make up at
least 1.7 million people in the USA, representing a group
which has grown approximately 75% since 1990 [11].
MENAwomen have thus far been suboptimally studied with
respect to IVF ethnic disparities. The primary objective of this
study is to compare live birth outcomes from IVF/ICSI in
MENAwomen residing in the USA vs a Caucasian cohort.

Materials and methods

We conducted a retrospective cohort study in which all
MENAwomen undergoing their first IVF cycle were enrolled
from the period of 5/2006 to 5/2014. These women were
matched on the basis of treatment year in a 1:1 ratio with
Caucasian women also undergoing their first IVF cycle. All
Caucasian women from a treatment year were first identified.
They were assigned a number for that treatment year and then
placed through a random number generator. Caucasian wom-
en were then selected for using this method until an equivalent
number of women in the MENA group was achieved.
Matching based on treatment year was conducted since the
distribution of MENA women and Caucasian women on a
year-by-year basis over the 8-year period was not equal.
Matching was conducted to mitigate practice changes over
this 8-year period.

All patients were enrolled from a single academically affil-
iated private fertility clinic located in Michigan, USA. The
inclusion criteria for all patients enrolled include an IVF cycle
with intracytoplasmic sperm injection (ICSI) and a fresh blas-
tocyst transfer. Women included in the MENA group were
permanently living in the USA and had self-identified as
BMiddle Eastern,^ BArab^ or claiming an ancestry to one of
the countries of origin in the Middle East/North Africa region
as categorized by the United Nations. Self-reporting was com-
pleted by patients during the intake process on a form with a
free text section marked BEthnicity.^ Couples utilizing donor

gametes, surrogacy, or undergoing preimplantation genetic
screening were excluded from the analysis. Ten MENA pa-
tients with incomplete outcome measures were excluded from
the study.

Treatment protocol

All patients underwent a basic infertility work up including a
hysterosalpingogram, day 3 serum FSH and LH levels, serum
prolactin and TSH levels, transvaginal 2D ultrasound scan, and
mid-luteal progesterone levels. Semen analysis was performed
on all male partners. All patients underwent controlled ovarian
stimulation with either an antagonist or mid-luteal agonist
protocol. Patients received oral contraceptive pills 21–35 days
in the preceding cycle. Patients who were diagnosed with
polycystic ovarian syndrome (PCOS) were stimulated with
recombinant FSH (150–225 IU, Gonal-F, EMD Serono or
Follistim, Merck) starting on day 2 or day 3 of the cycle while
other patients were stimulated with a mixed protocol (rFSH
150IU and HMG 75-150IU, Menopur, Ferring). An antagonist
protocol was generally utilized in women who were older than
35, had poor ovarian reserve or in patients with PCOS.
Baseline serum estradiol (E2), progesterone (P4), FSH, LH,
and ultrasound were determined prior to starting rFSH or
mixed protocol and at the time of each subsequent visit. The
patients were seen on the sixth day of treatment and the timing
and frequency of subsequent visits were determined depending
on the patients’ responses. After 5 days, the dose of rFSH/
combination of rFSH+HMG was adjusted according to ovari-
an response as determined by serial scans andmeasurements of
serum E2 levels. When three follicles were ≥17 mm, 5000–
10,000 IU human chorionic gonadotropin (HCG) was admin-
istered 36 h before oocyte retrieval. The dose of HCG was
reduced to 5000 IU if the risk of severe OHSS was elevated.
Intracytoplasmic sperm injection (ICSI) was performed on all
mature oocytes 3 to 4 h after retrieval. Embryos were graded
on both day 2 based on blastomere nuclear scoring and mor-
phologic appearance of day 3 cleavage embryos. Blastocysts
were graded according to Gardner et al. criteria [12]. All
embryo transfers were conducted by the senior author (MA)
with the use of transabdominal ultrasound-guided ETon day 5.
Usually two top quality blastocysts were transferred but if a
patient has few good embryos by day 3, a day 3 transfer was
carried out. Good quality blastocysts not transferred were
subsequently frozen. Luteal phase support was started
on the second day after retrieval with progesterone vaginal
tablets T.I.D (Endometrin 100 mg Vaginal Insert, Ferring
Pharmaceuticals, Inc., Parsippany, NJ, 07054 USA) or vaginal
cream once a day (Crinone 8% Vaginal Gel, Watson
Pharmaceuticals , Morristown, NJ, 07962, USA),
Progesterone in oil 100 mg I.M every other day (progesterone
in oil 50 mg/mLVial, Watson Laboratories, Inc., Corona, CA)
and vaginal Estradiol B.I.D (estrace 2 mg, Warner Chilcott
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LLC, Rockaway, NJ). If pregnancy was achieved, the same
treatment continued until 6-week gestation. At that time estrace
and progesterone in oil were discontinued, and vaginal proges-
terone was continued until 12-week gestation. Pregnancy was
confirmed by measurement of βHCG 12 days after blastocyst
transfer. Biochemical pregnancy was defined as a transient rise
in βHCG or a positive pregnancy test in the absence of
ultrasonographic evidence of pregnancy. Miscarriage was
defined as a clinical pregnancy that ended in pregnancy loss
prior to 20 weeks gestation while a live birth was defined as
any delivery after viability.

Data collection/statistical analysis

A centralized database was created compiling all embry-
ology data queried from an existing electronic record
along with a chart review collecting demographic and
pregnancy outcome metrics. The primary outcome was
live birth rate per racial/ethnic group. Secondary outcomes
were metrics of embryology and ovarian response and
miscarriage rate. Based on the distribution of the data,
continuous data was analyzed using the Student’s t test
while chi-squared analysis was carried out for categorical
variables (P < 0.05 was considered to be statistically sig-
nificant). A logistic regression assessed the individual as-
sociation between ethnic group and live birth in our
dataset. A multivariate logistic regression was conducted
to ascertain the individual contribution of ethnicity to live
birth rates in this dataset. Confounders which were statis-
tically significant or known to be clinically significant
were included in the models (age and BMI). However,
caution was taken to not include all statistically significant
parameters as this may lead to over adjustment and disso-
lution of a clinically relevant outcome. All data were an-
alyzed using STATA (StataCorp. 2011. Stata Statistical
Software: Release 12. College Station, TX). An IRB ap-
proved for retrospective data collection was approved.

Results

A group of 400 women divided in a 1:1 manner between
MENA and Caucasian women undergoing IVF/ICSI were
enrolled in this retrospective cohort evaluating differences
in live birth outcomes. Due to incomplete outcomes data,
10 MENA women were excluded from the analysis for a
total of 390 women (MENA N = 190, 48.7% Caucasian
N = 200, 51.3%). The etiologies contributing to infertility
between MENA and Caucasian women were found to be
relatively similar with a few notable exceptions. The prev-
alence of primary and secondary infertility was not differ-
ent between ethnic groups. The diagnosis of polycystic
ovarian syndrome approached a clinically significant

difference with a higher prevalence among Caucasian
women (32 vs 23% P = 0.05). Endometriosis was also
higher among Caucasian women (27 vs 17% P = 0.02).
There was a higher prevalence of male factor infertility
among the partners of MENA women in comparison to
Caucasian women (62 vs 50% P = 0.02).

Table 1 details the demographic, embryologic and in-
fertility parameters in these two groups. MENA women
tend to be younger (32.9 vs 34.5 P = 0.002) and have a
lower body mass index (BMI = kg/m2) in comparison to
the Caucasian cohort (25.2 vs 27.1 P < 0.001). The dura-
tion of infertility was not dissimilar between groups.
Ovarian reserve measured by day 3 FSH was significantly
different between the groups but this was likely attribut-
able to the difference in age between the two groups. Total
gonadotropin dose used for controlled ovarian stimulation
and mature oocyte yields were not different between the
groups. Table 2 describes the embryology parameters in
the two groups. Fertilization rates after ICSI were noted to
be significantly decreased among MENA women (73.8 vs
83.7% P < 0.005). The total number of blastocysts was not
significantly different between the groups and neither
were the number of fresh blastocysts transferred in
MENA vs Caucasian women (2.38 vs 2.35 P = 0.7).

The live birth rate per transfer for MENA women was
45.2% (N = 86) and 52% (N = 104) for Caucasian women.
In a multivariate logistic regression analysis adjusted for
age and BMI, there was a statistically significant lower
odds of a live birth in the MENA group compared to
Caucasians (OR 0.55, 95% CI 0.35–0.85, P = 0.007).
Furthermore, the odds of a miscarriage was significantly
higher among MENA women (OR 2.55, 95% CI 1.04–
6.27, P = 0.036) as can be seen in Table 3.

Table 1 Patient characteristics of MENAvs Caucasian groups

MENA Caucasian P

N 190 200

Age (years) 32.9 ± 5.8 34.5 ± 5.0 0.002*

BMI (kg/m2) 25.2 ± 4.1 27.1 ± 6.6 0.0006*

Day 3 FSH (IU/L) 6.6 ± 2.7 7.3 ± 2.9 0.008*

Antral follicle count 12.0 ± 10.0 13.1 ± 10.2 0.27

Primary infertility 43% 44% 0.8

Secondary infertility 57% 56% 0.8

Male factor 62% 50% 0.02*

PCOS 23% 32% 0.05

Tubal factor 24% 27% 0.5

Endometriosis 17% 27% 0.02*

Uterine 30.5% 38.4% 0.1

Infertility duration (years) 4.1 ± 3.4 3.7 ± 3.2 0.2

*P < 0.05
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Discussion

This study demonstrates significantly decreased odds of a live
birth per blastocyst embryo transfer following IVF/ICSI in
MENA women as compared to a Caucasian cohort.
Furthermore, MENA ethnicity is associated with an increased
chance of a miscarriage per pregnancy. These findings are
concerning especially given that MENAwomen tend to pres-
ent at an earlier age, with a lower BMI and undergo equivalent
blastocyst transfers with equivalent embryologic parameters.
Lower fertilization rates and increased male factor infertility
may point to a causal link but this conclusion cannot be drawn
from this study. While MENAwomen in the USA have never
been previously studied for outcome disparities, this study is
partially supported by the findings uncovered in a recent study
comparing MENAwomen and a European Caucasian cohort
[10]. Feichtinger et al. compared 218 MENAwomen to 2703
European Caucasians undergoing their first IVF cycle. They
found that MENAwomen presented at a younger age despite
having a longer period of infertility. MENAwomen also had
higher BMIs with a higher prevalence of polycystic ovarian
syndrome. In contrast to our findings, Feichtinger et al. did not
demonstrate a lower clinical pregnancy rate among MENA
women (22.4% Caucasian vs 22.9% MENA); however,
MENA women were found to have a lower oocyte yield (7
Caucasian vs 6 MENA, P = 0.04). Among their cohort,
MENA women had an increase in cycle cancelation due to
poor ovarian response or fertilization failure. They propose
that MENAwomen may have a lower ovarian reserve as ev-
idenced by their higher day 3 FSH. Biochemical and live birth
rates were comparably higher in our cohort though a direct
comparison cannot be made between the studies as our study
investigated live birth rates per blastocyst embryo transfer.

In general, our findings substantiate the trend for longer
periods of infertility and a presentation at a younger age.
Despite an earlier infertility treatment, both studies demon-
strate unfavorable outcomes among MENAwomen.

MENA women traditionally are required to self-report as
BCaucasian^ having made this a difficult group to study out-
side of theMiddle East. There is a substantial base of evidence
that may explain the disparate access to infertility care and
diminished outcomes that we have demonstrated. MENA
men experiencing infertility have been well documented to
perceive societal barriers to ARTwithin the same geographic
locale as our patient population [13]. Moreover, the genetic
implications of consanguinity may play a contributing role in
the increased rates of male factor infertility [14]. While we did
not uncover specific ovarian reserve marker differences be-
tween MENA and Caucasian groups there is a previous ge-
nome wide association study which supports this genetic un-
derpinning to ethnic disparities [15]. This may indirectly sup-
port previous findings that suggest a higher incidence of in-
fertility in the indigenous MENA population [9].

The first articles investigating the relationship between eth-
nicity and IVF outcomes demonstrated inferior results for
African American, Hispanic, and Asian women and while
there were subsequent challenges to this notion, the most re-
cent evidence suggests a strong relationship between ethnic
minorities and inferior IVF outcomes. Sharara et al. reported
on the perceived disparity in IVF outcomes in black vs white
women demonstrating a lower implantation and clinical preg-
nancy rate among black women [16]. Bendikson et al. found
no difference in pregnancy outcomes after IVF between white
patients and African American, Hispanic, or Asian women
though the ethnic minority groups represented a small propor-
tion of the total sample [17]. Dayal et al. studied IVF

Table 2 Controlled ovarian
stimulation embryology
parameters of MENAvs
Caucasian women

MENA N = 190 Caucasian N = 200 P

Agonist protocol 31.1% (59) 25% (50) 0.18

Antagonist protocol 69.9% (131) 75% (150) 0.18

Total gonadotropin dose (IU) 2714 ± 1104 2759 ± 818 0.65

Mature oocytes (no.) 8.6 ± 5.9 8.5 ± 5.2 0.8

Fertilization rate 73.8 ± 23.7% 83.7 ± 14.2% <0.005

No. blastocysts/cycle 3.2 ± 3.8 3.4 ± 3.8 0.6

No. embryos transferred 2.38 ± 0.9 2.35 ± 0.9 0.7

Table 3 Pregnancy outcomes in
MENAvs Caucasian MENA (N = 190) Caucasian (N = 200) P

Positive βhcg 57% (109) 69% (138) 0.017*

Miscarriage rate/transfer 14% (15) 6% (8) 0.036*

Live birth rate/transfer 45% (86) 52% (104) 0.18

*P < 0.05
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outcomes between African American and Caucasian women
in a university-based IVF program where they did not observe
a difference in pregnancy outcomes despite a lower embryo
yield among African American women [18]. Subsequent larg-
er studies would go on to find significant differences between
ethnic groups in terms of IVF outcomes. Fujimoto et al. re-
vealed decreased live birth rates of Black, Hispanic, and Asian
women compared to Caucasian women in a historical cohort
analysis utilizing the SART database evaluating over
139,000 cycles from 2004 to 2006 [19]. While this is a con-
vincing study secondary to its power, the authors note that it is
limited by incomplete self-reporting of race/ethnicity.

A large population based study in the UK by Jayaprakasan
et al. sheds light on ethnic disparities in a system in whichART
is a covered benefit [20]. Again, compared to European white
women, all ethnic minorities were found to have inferior IVF
outcomes. This study separately identified 14 Middle Eastern
women who were found to have the worst outcomes following
IVF though the sample size was too small to reach a statisti-
cally significant outcome. Wellons et al. conducted a systemic
review of studies utilizing SART data and concluded that
Hispanic, Asian, and African American women had the lowest
live birth rates following ART [6]. The authors highlight the
difficulty of interpreting these results as more than 35% of
cycles in the SART database aremissing data on ethnicity/race.
Quinn and Fujimoto published a review paper in which they
conclude that ethnic disparities in both access to ART and
outcomes after ART exist and may be increasing [7]. Taken
together, the weight of the literature leans heavily toward sig-
nificant disparities in ART outcomes among ethnic minorities.

Studying ethnic disparities is fraught with methodological
challenges as we attempt to isolate sociocultural from biolog-
ical determinants of health. Our retrospective cohort captures
women over an 8-year period in order to include the largest
number of MENAwomen. In order to offset heterogeneity in
treatment protocols, technology and success rates over this
time period, we randomly selected Caucasian women from
the same treatment year as MENA women in a 1:1 manner.
However, matching has the potential drawback of
overmatching and thus introducing a sampling bias. This study
investigated live birth rates per blastocyst transfer between two
groups which may not capture the overall IVF/ICSI success of
these two populations as it selects for a good prognosis cohort.
Sociocultural differences may explain why MENA women
present at an earlier age; however, this happens only after they
have experienced infertility for a longer period of time
reaffirming the findings that minority populations experience
barriers which delay their care [21, 22]. All women in this
study were private payers which may have contributed to a
diminished effect of the sociocultural disparity of ART access
in the USA. Patients were required to self-report their ethnicity
which may introduce a skew in reporting. However, the clinic
had specific cultural and linguistic support for MENAwomen

making it unlikely there would be an underreporting bias. It
should also be noted that while the outcome of interest in this
study is a single live birth, this may not fully capture the repro-
ductive goals of individuals from a MENA background.

This study is strengthened by a homogenous comparison
between MENA and Caucasian women. Women underwent
IVF/ICSI protocols in the same fertility center and all
underwent embryo transfer by the same physician.
Furthermore, matching women in a 1:1 basis on treatment
year alone should alleviate year-to-year treatment heterogene-
ity. We also report on the clinically relevant outcome of live
births instead of clinical pregnancy rate. Finally, this is the
only study to our knowledge that directly compares MENA
women with a Caucasian cohort in the USA though the find-
ings are supported by similar evidence in a MENA vs
European cohort.

Increased male factor infertility, decreased fertilization
rates and increased miscarriage rates among the MENA group
may underlie a causal link and warrants further investigation.
However, the social determinants of health should not be
overlooked as there are many explanatory variables which
would affect IVF/ICSI treatment over the course of the actual
treatment cycle. In clinics treating a small number of ethnical-
ly diverse patients, cultural and linguistic barriers may lead to
nonadherence of a complex treatment protocol. Furthermore,
patient-physician shared decision-making which is central to
fertility treatment may also be compromised if there are cul-
tural or communication barriers.

Conclusion

This is the first study to demonstrate inferior IVF/ICSI live
birth outcomes in MENA women compared to Caucasian
women. While the underlying etiology for these disparities
is unknown, it is imperative to observe these outcomes on a
larger scale. We suggest collecting the data for MENAwomen
as a separate category as opposed to unifying it with the
Caucasian group as it currently stands. As objective evidence
of disparities in IVF continues to surface, it is incumbent on
the field to introduce practices that aim to further understand
and alleviate the infertility treatment gap.
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