
ASSISTED REPRODUCTION TECHNOLOGIES

Morbid obesity and pregnancy outcomes after single blastocyst
transfer: a retrospective, North American study

Miguel Russo1 & Senem Ates2 & Talya Shaulov2 & Michael H. Dahan2

Received: 19 December 2016 /Accepted: 24 January 2017 /Published online: 11 February 2017
# Springer Science+Business Media New York 2017

Abstract
Purpose Maternal obesity has been shown to affect reproduc-
tive function and pregnancy outcomes following in vitro fer-
tilization. More recently, studies have demonstrated lower live
birth rates after single blastocyst transfer (SBT) in patients
who are overweight or obese. However, the impact of morbid
obesity on pregnancy outcomes after SBT has not been well
elucidated. The present study aimed to determine whether
morbid obesity has a detrimental impact on pregnancy out-
comes after SBT in a North American population.
Methods A retrospective, cohort study including 520 nullipa-
rous and multiparous women undergoing top-quality SBT be-
tween August 2010 and March 2014 at a University Health
Centre in North America was conducted. Primary outcomes
included: miscarriage rate, clinical pregnancy rate, and live birth
rate. Subjects were divided into different BMI categories (kg/
m2), including <20, 20–24.9, 25.0–29.9, 30–40, and 40 ormore.

Results The miscarriage rate per pregnancy for each group,
respectively, was 36, 64, 59, 61, and 50% (p = 0.16); the clin-
ical pregnancy (per patient) rate per group was 36, 52, 38, 26,
and 10% (p = 0.009); and the live birth rate (per patient) per
group was 35, 50, 38, 26 and 10% (p = 0.03).
Conclusion Morbid obesity is a strong and independent predic-
tor of poor pregnancy outcomes in patients undergoing top-
quality SBT.

Keywords Singleblastocyst transfer .Bodymass index .Live
birth rate . IVF . NorthAmerica

Abbreviations
SBT Single blastocyst transfer
PR Pregnancy rate
CPR Clinical pregnancy rate
LBR Live birth rate
PCOM Polycystic ovarian morphology

Introduction

Obesity has become a global epidemic with an estimated 1.9
billion adults classified as overweight and over 600 million
classified as obese [1]. Obesity is commonly defined by a
person’s body mass index (BMI). According to the World
Health Organization classification system, normal weight is
defined as a BMI between 18.5 and 24.99 kg/m2, overweight
as a BMI between 25 and 29.9 kg/m2, and obesity as a BMI of
equal or greater than 30 kg/m2 [1]. In the USA alone, it is
estimated that more than two thirds of adults are either over-
weight or obese [2]. Obesity has long been associated with an
increased risk of heart disease, stroke, and type 2 diabetes
mellitus [3]. It has also been shown to affect reproductive
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function. For instance, obese women are at a higher risk of
infertility, miscarriage, and pregnancy complications such as
gestational diabetes and pre-eclampsia [4].

Moreover, there is a growing body of evidence which
shows that obesity also affects pregnancy outcomes of assisted
reproductive technologies (ART). Observational studies have
linked obesity with higher doses of gonadotropin require-
ments, longer duration of stimulation, increase rates of cycle
cancellation, and lower oocyte yield during in vitro fertiliza-
tion (IVF) [5–7]. Pregnancy outcomes following IVF treat-
ment also appear to be affected by maternal BMI. In a large
meta-analysis of 47,967 IVF treatment cycles, obese women
were shown to have a lower live birth rate (LBR) compared to
women with a normal BMI [8]. These findings were validated
by a recent, large retrospective study published by Provost
et al. [9], which showed similar detrimental effects of BMI
on pregnancy outcomes following IVF. However, the results
of these studies are marred by the potential transfer of multiple
embryos which have been previously shown to improve preg-
nancy rates per cycle [10].

In recent years, there has been mounting interest in the
practice of elective single embryo transfer (eSET) as a means
to reduce the rate of twins and higher-order multiple (HOM)
gestations following IVF. Retrospective studies have demon-
strated a significant reduction in the rate of twin pregnancies
between patients undergoing elective single blastocyst transfer
(SBT) compared to double blastocyst transfer (DBT) without
compromising the overall pregnancy rate [11, 12]. Therefore,
it is important to identify patient factors that may compromise
pregnancy outcomes after SBT. Recent observational studies
examining clinical factors that predict IVF outcomes follow-
ing SBT have all identified BMI as an independent predictor
of LBR and miscarriage rate (MR) [13–15]. It is important to
note, however, that these studies examined European popula-
tions with a BMI ranging between 18.6 and 34.9, with a large
proportion of patients under a BMI of 30 kg/m2. Given the
higher rates of obesity and morbid obesity (BMI > 40 kg/m2)
in North America, it is important to assess IVF outcomes
following SBT in this patient population. The present study
aims to examine the impact of BMI on pregnancy outcomes
after SBT in obese and morbidly obese patients, in a North
American population.

Methods

A retrospective study was conducted in accordance with the
Strengthening the Reporting of Observational studies in
Epidemiology (STROBE) guidelines examining 520 nullipa-
rous and multiparous women who were undergoing their first
embryo transfer between August 2010 and March 2014 at a
University Health Centre in North America. Women less than
40 years of age with a single, top-quality autologous

blastocyst transfer were included in the study. Exclusion
criteria included: congenital uterine anomalies, endometrial
polyps, intrauterine synechiae, adenomyosis, intra-cavitary fi-
broids, hydrosalpinges, donor embryo transfer, and women
over the age of 40. All subjects had serum thyroid-
stimulating hormone and prolactin levels within the normal
range within 3 months of the embryo transfer. Subjects were
included only once in the study. The first fresh embryo trans-
fer was included unless a freeze all embryo cycle was per-
formed to prevent ovarian hyperstimulation syndrome, in
which case the first frozen transfer was included for analysis.

Three protocols of ovarian hyperstimulation were used: (a)
a microdose flare protocol using a gonadotropin-releasing
hormone (GnRH) agonist on day 2–3 of the cycle after an
oral contraceptive pill (OCP) induced withdrawal bleed and
beginning stimulation with gonadotropins on the third day of
the GnRH agonist; (b) a fixed, antagonist protocol with go-
nadotropin stimulation beginning on day 2–3 of the cycle and
a GnRH antagonist started on the sixth day of stimulation;
and (c) a mid-luteal, long agonist protocol with a GnRH
agonist started in the mid-luteal phase and gonadotropin stim-
ulation after 2 weeks of downregulation. Women were treated
with a combination of recombinant FSH (r-FSH; Follitropin
alpha, Merck Serono, MA, USA) and recombinant LH (rLH)
(Lutropin alpha, Merck Serono, MA, USA) or rFSH
(Folitropin beta, MERK IND, NJ USA) and human meno-
pausal gonadotropins (hMG; Repronex, Ferring, QC,
Canada). The ratio of FSH to LH was 2:1 to 3:1. An injection
of human chorionic gonadotropin (hCG; 10,000 IU; Ferring,
QC, Canada) or 250 mcg recombinant hCG (Merck Serono,
MA, USA) was administered when two or more follicles
were ≥18 mm in diameter. Transvaginal ultrasound-guided
oocyte retrieval was performed 36 h after hCG administra-
tion. Frozen embryo transfers were performed in an estrogen
primed cycle (oral estradiol valerate and various producers),
with 6 days of progesterone priming (crinone or endometrin)
prior to embryo transfer and continued up to 10 weeks ges-
tational age. Explanation of the stimulation protocols and
medication used are available more in depth in previous pub-
lications by Dahan et al. [16].

Only those cycles where at least one top-quality blastocyst
was available for transfer were included in this study, and only
one blastocyst was transferred. Top-quality embryos for trans-
fer included blastocysts with Gardner grade AA and BA. For
further details on embryo grading, please refer to the article by
Gardner and Schoolcraft, 1999 [17]. Ultrasound-guided,
transcervical embryo transfer was performed using a Wallace
embryo replacement catheter (Smiths Medical, USA) with a
full urinary bladder. The embryos were placed 1.5 to 2.0 cm
from the uterine fundus. Estradiol (Estrace, Actavis pharma
USA) and progestin supplements (Endometrin, Ferring USA;
Crinone, Actavis USA or intramuscular progesterone, Actavis
USA)were started and continued until 12weeks of pregnancy.
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Outcome measures

Primary outcomes included: miscarriage rate (MR), clinical
pregnancy rate (CPR), and live birth rate (LBR). Miscarriage
rate was defined as a pregnancy loss, prior to 20 weeks ges-
tation, after the identification of a positive serum beta human
chorionic gonadotropin level (>10 IU/L), measured at the time
the embryos were 15–17 days of age. Women with a positive
pregnancy test had a transvaginal ultrasound to confirm via-
bility 4–5 weeks after embryo transfer. Clinical pregnancy
was defined as the presence of a viable intrauterine pregnancy
with a fetal heartbeat seen on transvaginal ultrasound. Live
birth was defined as an infant born with signs of life at greater
than 24 weeks of pregnancy.

Statistical analysis

Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS 23.0, IBM Inc) with mul-
tivariate analysis and logistic regression to control for con-
founding effects and multiplicity. The following confounders
were controlled for: female age, gravity, parity, body mass
index (BMI), smoking status, basal serum FSH level (IU/L)
and antral follicle count, duration of infertility, total gonado-
tropin dose, and stimulation protocol in all cases where anal-
ysis was performed, unless indicated. These variables were
selected based on their well-established effects on IVF out-
comes. The following variables were self-reported by patients
within 2 months of initiating care: smoking status, gravity,
parity, height, and duration of infertility. In order to calculate
a patient’s BMI, their weight was measured on a standard
hospital scale within 2 months of initiating care. Age was
calculated from a patient’s birth date to the start of their treat-
ment. Antral follicle count and basal serum FSH levels (IU/L)
were determined between cycle day 2 and 5. Measurements of
antral follicle count were performed with transvaginal ultra-
sound in the menstrual cycle prior to IVF treatment. The ul-
trasounds were performed in a uniform manner by ultrasound
technicians using a Voluson E8 ultrasound machine and
Voluson transvaginal ultrasound probe (General Electric
Corporation, USA), with women in the dorsal lithotomy po-
sition and empty bladders. The FSH assay used was the
Access assay (Beckman Coulter, Canada). The lower limit
of detection was 0.2 IU/L while the upper limit was 200 IU/
L. Intra- and inter-assay coefficients of variation were less
than 6% in all cases and were assayed in house at 6.8, 23.5,
and 45.0 IU/L. There was no data missing from the database.

All continuous data were checked for normal distribution
using the Kolmogorov–Smirnoff test. All continuous vari-
ables were normally distributed. Correlations were done with
partial correlations to control for confounding effects of all
variables listed. Demographics were compared by one-way
analysis of variance, without controlling for confounding

effects, or chi-squared tests. Data is presented as mean ± stan-
dard deviation. Two-sided p values ≤0.05 were accepted as
significant, unless stated otherwise.

Results

Five hundred and twenty women underwent single, top-
quality blastocyst transfer. Four hundred fifty women were
nulliparous and 70 had a previous full-term pregnancy. All
women were less than 40 years of age and were included only
once in the database. Only their first embryo transfer was
included. The mean female age of this study was 32.9 ±
3.4 years (range 22–39 years). The mean BMI was 24.8 ±
6.2 kg/m2 (17.0 to 57.0 kg/m2) [refer to Table 1]. Diagnosis
included male factor infertility (40%), anovulation (and previ-
ous treatment failure with ovulation induction and insemina-
tion) (12%), tubal blockage (12%), endometriosis (6%), un-
explained (19%), and other. Fifteen percent of cycles were
frozen transfers and 85% were fresh transfers.

Overall, the MR, CPR, and LBR were 61, 42, and 41%,
respectively. It can be noted that among women less than
40 years of age with a top-quality blastocyst transferred,
BMI was the only significant predictor of pregnancy out-
comes, with the exception of a previous delivery of a term
baby which also predicted live birth. Analysis was performed
with stepwise logistic regression controlling for all listed con-
founders and multiplicity.

To further evaluate the effect of BMI onMR, CPR, and LBR,
the groups were divided into different BMI categories, includ-
ing: <20, 20–24.9, 25.0–29.9, 30–40, and 40 or more. The MR
for each group, respectively, was 36, 64, 59, 61, and 50% (p =
0.16); the CPR per group was 37, 52, 38, 26, and 10% (p =
0.0001); and the LBR per group was 35, 50, 38, 26, and 9%
(p = 0.0001) [chi-squared analysis—refer to Fig. 1]. Controlling
for confounders was not performed for this analysis, since BMI
was already demonstrated to be a significant parameter, when
controlling for other confounders, and would have given the
same results as in Table 1.

The demographics for these groups are listed in Table 1.
Statistical analysis was performed with one-way ANOVA. All
parameters were similar except BMI (data stratified by in-
creasing BMI) and FSH dose required for stimulation which
increased in parallel to BMI, as anticipated.

To further evaluate the role of obesity and morbid obesity,
women were classified based on BMI of 30–34.9, 35–39.9,
40–44.9, and 45–49.9 kg/m2. The CPR and LBR rates are
shown in Fig. 2. A strong correlation between BMI and preg-
nancy outcomes was demonstrated among women within
these BMI categories. The CPR was 32, 10, 14, and 0%
(p = 0.07, correlation); and the LBR was 32, 10, 14, and 0%
(p = 0.07, correlation). Partial correlations were performed

J Assist Reprod Genet (2017) 34:451–457 453



which controlled for all confounding variables listed in the
statistics section of the paper.

Given the high rate of obese patients with polycystic
ovarian syndrome (PCOS), and a possible effect of the
disease on oocyte function, we performed a post hoc anal-
ysis excluding women with PCOS. PCOS was diagnosed if
patients met two out of three of the following criteria: (a)
clinical or biochemical evidence of hyperandrogenism, (b)
menstrual irregularity (oligo or amenorrhea), and/or poly-
cystic ovarian morphology (PCOM) on ultrasound. In the
case of PCOS, ovarian or adrenal neoplasia and non-
classical congenital adrenal hyperplasia were ruled out by
non-tumor levels of serum DHEAS, total testosterone, and
an early morning, fasting 17-hydroxy-progesterone less
than 2 ng/dl, respectively. PCOM was defined as one ovary
with a follicle count of 12 or more between 2 and 8 mm in
diameter, as viewed by transvaginal ultrasound performed
on days 2 to 5 of a spontaneous or progesterone-induced

menses. The analysis included logistic regression, control-
ling for the same confounders listed in the statistics section
and for multiple testing (multiplicity). Three hundred and
seventy-three women were included in the analysis of
women without PCOS. Significant predictors of live birth
were: total FSH used for stimulation (p = 0.04), previous
full-term deliveries (p = 0.0001), and BMI (p = 0.014).
There was a strong trend between antral follicle count
and live birth in this latter group; however, this was not
statisically significant (p = 0.053).

Discussion

In the present study, BMI was a predictor of clinical preg-
nancy (p = 0.004) and live birth (p = 0.023) after SBT, in-
dependent of female age, duration of infertility, maximum
basal FSH levels (IU/L), antral follicle count, total FSH
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Fig. 1 Pregnancy outcomes per
BMI category after single
blastocyst transfer

Table 1 Demographics based on BMI grouping

BMI grouping (kg/m2) <20 20–24.9 25–29.9 30–39.9 ≥40 p
N = 51 N = 294 N = 64 N = 58 N = 54

Age (years) 33.2 ± 3.2 32.9 ± 3.5 32.7 ± 3.3 32.8 ± 3.8 32.9 ± 1.9 0.77

Previous pregnancies 0.5 ± 0.8 0.8 ± 2.3 1.1 ± 1.6 0.8 ± 1.2 0.5 ± 0.7 0.64

Full-term deliveries 0.1 ± 0.4 0.6 ± 1.8 0.3 ± 0.6 0.4 ± 0.6 0.1 ± 0.3 0.90

BMI (kg/m2) 17.7 ± 3.8 23.6 ± 1.5 26.8 ± 1.4 33.9 ± 2.5 45.4 ± 6.1 0.0001

Duration of infertility (years) 3.4 ± 2.5 3.8 ± 3.5 4.0 ± 2.8 3.1 ± 2.1 4.2 ± 1.9 0.76

Day 3 serum FSH (IU/L) 8.5 ± 2.6 8.0 ± 3.8 7.2 ± 2.1 8.2 ± 9.4 5.9 ± 2.3 0.27

AFC 18 ± 10 18 ± 12 17 ± 10 22 ± 15 13 ± 9 0.17

Total FSH dose (IU) 1836 ± 1430 1706 ± 1330 2015 ± 1061 2112 ± 1262 2620 ± 1969 0.05

Total LH dose (IU) 772 ± 1216 729 ± 1087 650 ± 998 467 ± 903 720 ± 770 0.66

MR 0.41

CPR 19 153 24 15 5 0.0001

LBR 18 147 24 15 5 0.0001

BMI body mass index, FSH follicle-stimulating hormone, LH luteinizing hormone, AFC antral follicle count, MR miscarriage rate, CPR clinical
pregnancy rate, LBR live birth rate
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dose, gravity, and smoking. A post hoc analysis also dem-
onstrated that the effect of BMI may be irrespective of a
diagnosis of PCOS, although further studies are necessary
to confirm these findings. BMI was not a predictor of mis-
carriage rate (p = 0.16). The CPR and LBR in women with
a BMI of 40 or greater was over 50% less than that of
women of BMI of 30–39.9 kg/m2. It should also be noted
that the LBR of women with a BMI of 20–24.9 kg/m2 was
five times greater than those with a BMI over 40 kg/m2. In
fact, the impact of obesity on CPR and LBR after SBT
seems to occur in patients with a BMI equal or greater than
35 kg/m2 [refer to Fig. 2]. Subjects with a BMI of 30–
34.9 kg/m2 had similar outcomes to the overweight group
(BMI 25.0–29.9 kg/m2). Therefore, patients with a BMI
equal or greater than 35 kg/m2 should be encouraged to
lose weight before undergoing IVF treatment or, alterna-
tively, be considered for DBT.

Several studies examining the effect of BMI on preg-
nancy outcomes following IVF have been published previ-
ously. Most recently, Provost et al. [9] published a large
analysis examining the effects of BMI on IVF outcomes in
a North American population. Like previous studies exam-
ining the effects of BMI on IVF outcomes, the results of
this study appear to be influenced by the transfer of multi-
ple embryos. This may—in part—explain the much lower
LBR in patients with a BMI > 40 kg/m2 undergoing SBT in
our study. Ideally, weight loss followed by SBT should be
offered to minimize multiple pregnancy rates, especially
given that multiple pregnancies in the morbidly obese are
likely to magnify risk of complications. The authors also
compared pregnancy outcomes among different BMI cate-
gories in women with only a diagnosis of Bovulation
disorders/polycystic ovaries^ and found that the correla-
tion was weaker compare to the analysis including all par-
ticipants. However, this may be attributed to a much small-
er sample size (N = 16,222 versus N = 239,127) and may be
biased by the inclusion of other diagnoses other than PCOS
such as hypothalamic amenorrhea. Lastly, the authors

acknowledged that they were not able to control multiple
cycles by the same patient.

The effect of BMI on pregnancy outcomes does not appear
to be different in patients who have a fresh or frozen–thawed
transfer. In the study by Rittenberg et al. [13], the authors ex-
amined effects of BMI on miscarriage rates following an SBT
in 413 women after controlling for confounders. The authors
found that women with a BMI of >25 had a significantly in-
creased risk of clinical miscarriage before 23 weeks gestation
(adjustedOR = 2.7, 95%CI 1.5–4.9,P = 0.001). These findings
were the same whether patients had a fresh or frozen–thawed
transfer [13]. Similar findings have been demonstrated in other
studies [16]. Similar findings have been demonstrated else-
where [16]. It is important to note, however, that there were
no patients with a BMI > 35 kg/m2 treated in this clinic during
the study period.

Several studies have been published examining the effects
of maternal BMI on IVF outcomes in patients specifically
undergoing SBT [8, 14, 15]. All studies were based out of
countries in Europe including the United Kingdom [8] and
France [14, 15]. As previously noted, the majority of patients
within these studies fell under a BMI of 30 kg/m2. Moreover,
the consistently, lower pregnancy rates of European IVF cen-
ters, when compared to its North American counterparts, may
also be a confounder when comparing studies in different
regions [18]. Lastly, maternal BMI appears to affect pregnan-
cy outcomes following SET even at the cleavage stage. Sifer
et al. [15] retrospectively examined 409 eSET on day 2/3 and
found BMI to be the only clinical criteria statistically associ-
ated with LBR.

To our best knowledge, this is the only study published
in the literature examining the effects of different BMI
categories, including morbid obesity (BMI greater than
40) on CPR and LBR following SBT on a large, North
American population. These findings cannot be accounted
for by a previous successful IVF-ET given that only the
first embryo transfer was included and patients were only
included once in the database. Moreover, as previously
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Fig. 2 Pregnancy outcomes per
BMI category after single
blastocyst transfer in obese
patients
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noted, our post hoc analysis also demonstrated that the
effect of BMI may be irrespective of a diagnosis of PCOS.

It is important to note that there is a large subset of patients
that are not represented within this study which are obese
patients undergoing IVF who did not have a blastocyst or
supernumerary blastocyst(s) available for transfer. We recog-
nize that pregnancy outcomes published in this study may
significantly undermine the overall risk of obesity and morbid
obesity on pregnancy outcomes following IVF; however, our
goal was specifically to evaluate the subset of patients within
this population that do have excellent quality blastocyst(s)
available to transfer and who may benefit from either weight
loss prior to an embryo transfer or a double embryo transfer to
improve their outcomes.

Our study has several limitations, including its retrospec-
tive nature and the resultant risk of undetected selection bias.
It should be noted that single blastocyst transfer is mandated
by law in a first cycle in all women under 40 years of age in
this center. This SBT practice protected against biases due to
patients with morbid obesity being offered more embryos to
transfer and therefore not being included in this study.
However, this study was skewed towards nulliparous women
which may favor the effect of BMI, since women with a pre-
vious pregnancy may conceive with greater ease. By includ-
ing each patient only once, we attempted to minimize this
effect. It is possible that the inclusion of male factor infertility
may have affected results. Infertility diagnosis can affect the
development of embryos and their competence, particularly as
measured by blastocyst development. The effect of male fac-
tor infertility on outcomes should have been minimized by
selecting only cases with excellent quality blastocysts to trans-
fer. Lastly, it is possible that poor pregnancy outcomes in
women with a higher BMI may be partially attributed to a
difficult embryo transfer under ultrasound guidance.

The detrimental effects of morbid obesity on pregnancy
outcomes after SBT are not well understood but several
hypotheses have been raised. There have been a number
of studies looking at the impact of obesity on oocyte or
embryo quality with mixed results; some suggesting there
is a detrimental effect on the oocyte/embryo [19–21]
while others suggest there is no difference compared to
women of normal BMI [6, 22]. However, all patients in
this study received ideal quality blastocyst transfer. In a
study by Bellver et al. [23], authors examined IVF out-
comes in donor egg recipients and found a higher risk of
miscarriage in obese patients compared to controls, inde-
pendent of the donor’s BMI. These findings would sug-
gest that the impact of obesity on IVF outcomes may be
related to an issue with endometrial receptivity. There
have been several theories proposed to explain how obe-
sity can affect endometrial receptivity. One theory is that
patients with an elevated BMI are more likely to have
insulin resistance, which in turn, has been shown to

increase the risk of spontaneous abortion after ART
[24]. Another theory that has been suggested is the role
of leptin in obese patients. Leptin has been shown to be
expressed in endometrial cells as well as within blasto-
cysts [25]. In fact, leptin concentrations appear to differ
when a competent blastocyst is co-cultured with endome-
trial cells, as oppose to an arrested blastocyst [25]. These
findinds suggest that this molecule may play a key role in
the communication between embryo and endometrium
during the early implantation phase [25]. Finally, as noted
previously, obese patients have been shown to require
higher doses of gonadotropins and longer periods of con-
trolled ovarian stimulation (COH). In turn, this may lead
to an altered endometrial receptivity in patients undergo-
ing autologous, fresh embryo transfer. The authors from
Luke et al. [26] were able to demonstrate this premise by
looking at outcomes in patients with increasing BMI un-
dergoing autologous fresh transfers compared to donor
cycles. Interestingly, the detrimental effect found on preg-
nancy rates was not seen when they compared autologous,
frozen–thawed cycles to donor cycles. These findings are
likely attributed to similarities in endometrial Bpriming^
between fresh donor cycles and autologous, frozen–
thawed cycles.

In conclusion, the present study demonstrates that maternal
BMI is an independent predictor of CPR and LBR in North
American women undergoing top-quality SBT. This effect
may be decreased when multiple embryos are transferred;
however, this may lead to an increased risk of maternal and
fetal complications during the pregnancy. Patients should be
counselled regarding the effects of BMI on pregnancy out-
comes following SBT, especially when BMI is greater than
35 kg/m2. Further, randomized prospective trials are needed to
determine the relationship between BMI and pregnancy out-
comes following SBT. These studies should include PCOS
with or without evidence of hyperinsulinemia within their
analysis. The ideal treatment algorithm likely involves weight
loss to a BMI of less than 35 kg/m2 followed by SBT rather
than the transfer of multiple embryos. This may help to over-
come the detrimental effects of morbid obesity on pregnancy
outcomes following SBT without significantly increasing the
risk of complications during pregnancy.
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