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Abstract

Purpose The aim of this study is to examine the impact of female body mass index (BMI) on IVF cycle outcomes.

Methods This is a retrospective cohort study including 51,198 women who initiated their first autologous IVF cycle in
13 fertility centers in the USA between 2009 and 2015. The effect of underweight, overweight, and obese BMI on four
different IVF cycle outcomes (cycle cancellation, oocyte and embryo counts, and ongoing clinical pregnancy [OCP])
was evaluated in logistic or Poisson regression analyses with confounders adjusted.

Results Women with an overweight or obese BMI experienced worse outcomes than those with a normal BMI. These
differences included (1) greater odds of cycle cancellation (aOR [95%CI] 1.17 [1.08, 1.26] for overweight, 1.28 [1.15,
1.41] for class-I obesity, and 1.50 [1.33, 1.68] for class-II/III obesity, P <.001 for all); (2) fewer oocytes retrieved (aIRR
[95%CI1] 0.98 [0.98,0.99] for class-I obesity, 0.93 [0.92,0.94] for class-1I/III obesity, P <.001 for both); (3) fewer usable
embryos (alRR [95%CI] 0.98 [0.97,0.99] for overweight, 0.97 [0.96,0.99] for class-I obesity, 0.95 [0.93,0.97] for class-
I/IIT obesity, P<.01 for all); and (4) lower odds of OCP (aOR [95%CI] 0.89 [0.83,0.95] for class-I obesity, 0.86
[0.79,0.93] for class-II/IIT obesity, P<.001 for both). In a subgroup analysis based on primary infertility diagnosis,
these trends persisted in those with male or uterine factor and were especially pronounced in women with ovulatory
dysfunction or PCOS.

Conclusions A BMI above the normal range was an independent negative prognostic factor for multiple outcomes,
including cycle cancellation, oocyte and embryo counts, and OCP. These negative outcomes were most profound in
women with class-11/I11 obesity, ovulatory dysfunction, or PCOS.
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Introduction

As reproductive medicine continues to advance, with contin-
ual improvement in in vitro fertilization (IVF) success rates
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rates of obstetric complications [6—10], and these effects may
be compounded by racial and ethnic disparities [11].

Studies exploring the potential effects of elevated BMI on
fertility treatment outcomes have demonstrated conflicting re-
sults. Surprisingly, multiple studies and two systematic re-
views reported no significant adverse effects of elevated
BMI on IVF outcomes [12—17]. Other studies, however, in-
cluding two recent meta-analyses have associated elevated
BMI with higher gonadotropin requirement, fewer oocytes
collected, higher cancellation rates, reduced pregnancy and
live birth rates, as well as higher miscarriage rates [18-27].
In the most recent meta-analysis, from 2011, overweight or
obese women undergoing [VF were observed to have a lower
relative risk (RR) of clinical pregnancy (RR=0.90, P<
0.0001) and live birth (RR =0.84, P =0.0002), with a higher
miscarriage rate (RR=1.31, P<0.0001), when compared to
women with a normal BMI [28]. In an analysis of nearly
500,000 cycles reported to the Society for Assisted
Reproductive Technologies (SART), both obese and under-
weight women had lower rates of clinical pregnancy and live
birth after fresh autologous transfers (adjusted RR 0.97 and
0.95 for underweight, 0.94 and 0.87 for obese women, respec-
tively), as well as higher rates of low birth weight and prema-
ture deliveries. Meanwhile, in the study, only obese women
had a higher miscarriage rate [29].

Some studies have tried to identify the specific mech-
anisms by which excess weight might affect IVF out-
comes by exploring associations with egg quality, embryo
quality, or uterine function. For example, preliminary data
has associated maternal obesity with decreased oocyte
size [30] or dysregulation of meiotic spindle formation
[31]. Meanwhile, Comstock and colleagues demonstrated
a significantly better blastocyst formation rate in normal-
weight controls versus overweight or obese individuals
(57.2 vs. 43.6%, P<0.007) and further showed that the
blastocysts of overweight women with metabolic dysfunc-
tion did as poorly as those of the obese women [32].

Given these results and the higher spontaneous miscar-
riage rates that have been observed in obese women [17],
some researchers have speculated that increased meiotic
errors might underlay these pregnancy losses. However,
higher miscarriage rates were also observed in one study
of women who had pre-implantation screened embryos
transferred after IVF [33].

It has long been hypothesized that environments of excess
adiposity may negatively impact implantation. Ovum dona-
tion cycles have provided one way to study the possible im-
pact of obesity on implantation in a more well-controlled way.
A 2012 meta-analysis showed no impact of obesity on success
rates in ovum recipients [34], but two subsequent large studies
demonstrated that implantation, pregnancy, and live birth rates
were inversely correlated with BMI [35, 36]. Thus, further
research is needed to help determine whether and how excess
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weight may affect various stages of development from oocyte
growth through implantation.

Finally, the additional impact of polycystic ovary syn-
drome (PCOS) in overweight/obese women has been ex-
plored in several independent cohorts. A study of Chinese
women with PCOS demonstrated that being obese was asso-
ciated with lower clinical pregnancy rates and higher miscar-
riage rates as compared to non-obese counterparts [37]. Two
additional studies in similar populations also concluded that
women with PCOS who were either overweight or obese had
a poorer prognosis [38, 39]. A study of 653 women with
PCOS in Turkey showed that obesity had a negative impact
on IVF outcomes, but the differences were not statistically
significant [27]. A small US-based study also showed that
morbidly obese women with PCOS had lower clinical preg-
nancy rates than women with PCOS who had a BMI<
40.00 kg/m? [40]. In a study using SART data, among patients
in which PCOS was the only infertility-related diagnosis,
pregnancy loss was the only outcome with a statistically sig-
nificant association with increasing BMI, although trends for
all other outcomes also worsened with increasing BMI [41].

With regard to underweight BMI, the data to date are very
limited, and a firm consensus in the literature has not yet been
reached. Therefore, the aim of this study was to perform the
first large-scale investigation of the relationship between the
full spectrum of BMI categories and IVF-related outcomes
using detailed patient-level clinical information rather than
more limited registry data.

Materials and methods
Study population and IVF treatment

We performed a retrospective review of women who initiated
their first autologous IVF cycle with conventional insemina-
tion or intracytoplasmic sperm injection (ICSI) at 1 of 13
geographically distinct fertility treatment centers in the USA
between 2009 and 2015. We excluded frozen transfers of su-
pernumerary embryos, cycles using pre-implantation genetic
screening, and cycles that were missing BMI data.
Institutional Review Board (IRB) exemption was obtained.
Women underwent IVF with or without ICSI per individ-
ual clinic guidelines. Controlled ovarian hyperstimulation
was achieved using one of several protocols (most com-
monly, a GnRH antagonist protocol) with hCG and/or
leuprolide trigger administration according to established
practice conventions at each clinic. The trigger was admin-
istered when the largest follicle measured 18-24 mm, and
oocytes were retrieved transvaginally 35-36 h afterwards.
Conventional insemination or ICSI was performed by stan-
dard techniques, and embryos were then cultured for either
3 days (cleavage stage, ~20% of transfers) or 5 days
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(blastocyst stage, ~80% of transfers). In some cases, embry-
os were cultured for 6 or 7 days after oocyte retrieval to
allow more time for blastocyst development.

For fresh embryo transfer cycles, luteal support was initi-
ated after retrieval, and embryos were then transferred into the
uterus. Embryos were cryopreserved according to established
practice protocols at each clinic.

Data set

BMI was documented for all individuals included in the study
before the start of their IVF cycle. BMI was calculated by
dividing weight in kilograms by the square of height in meters
(kg/m?). We used the BMI categories defined by the World
Health Organization: < 18.50 kg/m® (underweight), 18.50—
24.99 kg/m? (normal), 25.00-29.99 kg/m?> (overweight),
30.00-34.99 kg/m? (obese class-I), 35.00-39.99 kg/m? (obese
class-IT), and >40.00 kg/m* (obese class-IIT) [42].

The demographic and baseline clinical information
collected included the following: age of female patient
intending pregnancy, primary infertility diagnosis (ac-
cording to what was stated in the medical record as
primary cause of infertility), anti-Miillerian hormone
(AMH) levels, basal follicle-stimulating hormone (FSH)
levels, basal luteinizing hormone (LH) levels, basal es-
tradiol (E,) levels, basal antral follicle count (BAFC),
sperm volume, total motile sperm, sperm morphology,
stimulation protocol, total gonadotropin dose used, peak
serum E, levels, number of oocytes retrieved, use of
ICSI, number of usable embryos (either transferred or
cryopreserved), stage of embryo at transfer (cleavage
stage vs. blastocyst), number of embryos transferred,
and pregnancy outcome.

Outcome measures

The primary outcome of interest was ongoing clinical
pregnancy, defined as the presence of an intrauterine sac
with visible heartbeat from ultrasound at the time that care
was transferred from the reproductive endocrinologist to
the obstetrician (usually between 8 and 12 weeks gesta-
tional age, depending on the clinic). Secondary outcomes
included cycle cancellation, number of oocytes retrieved,
and number of usable embryos. The primary outcome was
only assessed in cycles that underwent fresh embryo
transfer. Cycle cancellation was assessed in the entire co-
hort of first autologous IVF cycles, number of oocytes
retrieved was assessed only in patients that reached the
oocyte retrieval stage, and number of useable embryos
quantified embryos used in fresh transfers as well as cryo-
preserved embryos.

Statistical analysis

Baseline characteristics of the study population were exam-
ined by BMI categories. Continuous variables are presented as
mean + SD or median (interquartile range) for normally dis-
tributed and skewed data, respectively. Categorical variables
are presented as frequency and percentages. The least absolute
shrinkage and selection operator (LASSO) regression was
used to select confounders that were statistically significantly
(P <0.05) associated with each outcome measure. For cycle
cancellation, the analysis controlled for the following factors:
female age, gravidity, BAFC, basal FSH and E, levels, AMH,
total gonadotropin used, infertility diagnosis, and clinic.
Number of oocytes retrieved was adjusted for female age,
parity, BAFC, basal FSH, LH and E, levels, AMH, total go-
nadotropin used, infertility diagnosis, and clinic. When eval-
uating number of usable embryos, we controlled for female
age, BAFC, basal FSH, LH and E, levels, AMH, gravidity,
parity, ICSI, number of oocytes retrieved, embryo stage at the
end of culture, total gonadotropin used, infertility diagnosis,
and clinic. Lastly, the analysis of ongoing pregnancy rate con-
trolled for the following factors: female age, basal E, levels,
parity, infertility diagnosis, total gonadotropin used, number
of oocytes retrieved, embryo stage at transfer, number of us-
able embryos, number of embryos transferred, and clinic.

Logistic or Poisson regression was used to calculate the
unadjusted and multivariate adjusted odds ratio (aOR; for
cycle cancellation and ongoing clinical pregnancy) or ad-
justed incidence rate ratio (alRR; for number of oocytes
retrieved and number of usable embryos), respectively,
with their 95% confidence interval (CI); normal BMI
served as the reference category.

The same regression analysis was also performed for eight
subpopulations based on primary infertility diagnoses report-
ed by the clinic (diminished ovarian reserve [DOR], endome-
triosis, idiopathic, male factor, ovulatory dysfunction, PCOS,
tubal factor, and uterine factor). These infertility diagnoses
were designated in the electronic medical record by clinicians,
and the subgroups based on primary infertility diagnosis were
mutually exclusive in our study. Sensitivity analyses for num-
ber of usable embryos and ongoing clinical pregnancy were
performed among cycles that transferred only blastocyst stage
embryos. Statistical analysis was performed using R (version
3.2.4). Statistical significance in this study was defined as P <
0.05 (two-sided).

Results
A total of 51,198 women who initiated their first autologous
IVF cycle were divided into 5 categories based on their BMI:

underweight (n=1377, 2.7%); normal (n=27,945, 54.6%);
overweight (n=12,283, 24.0%); obese class-I (n=5791,
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11.3%); and obese class-1I/III (n = 3802, 7.4%). Obese class-11
and class-1II were combined in our study because of the lim-
ited sample size in the obese class-III group (n=755).
Baseline characteristics, IVF cycle details, and outcome by
BMI groups are presented in Table 1.

Cycle cancellation

Of the 51,198 cycles included, 8694 cycles were cancelled.
After adjusting for potential confounders, we found that over-
weight and obesity categories are associated with an increase
odds of cycle cancellation. For those with BMI> 18.5 kg/m?,
odds of cycle cancellation increased with rising BMI (over-
weight vs. normal weight aOR 1.17, 95% CI 1.08-1.26, P<
0.001; obese class-I vs. normal weight aOR 1.28, 95% CI
1.15-1.41, P<0.001), with obese class-II/IIl women having
the highest aOR for cycle cancellation compared to those of
normal weight (aOR 1.50, 95% CI 1.33-1.68, P<0.001). The
odds of cycle cancellation were comparable between under-
weight and normal weight women (P =0.23) (Table 2).

Number of oocytes retrieved

Among 45,950 women that reached oocyte retrieval, obese
individuals had fewer oocytes retrieved compared to those
of normal weight after adjustment for confounders (Table 2).
In a comparison of the number of oocytes retrieved between
obese class-I and normal weight women, alRR was 0.98 (95%
C10.98-0.99, P<0.001), while aIRR comparing obese class-
II/IIT with normal weight was 0.93 (95% CI 0.92-0.94, P<
0.001). Underweight and overweight women had similar
number of oocytes retrieved compared to those of normal
weight (P=0.11 and P=0.19, respectively).

Number of usable embryos

After adjustment for confounders, among 45,767 women with
one or more oocytes retrieved, underweight, overweight, and
obese individuals had fewer usable embryos that were trans-
ferred or cryopreserved compared to those of normal weight
(underweight vs. normal weight aIRR 0.95, 95% CI 0.92—
0.97, P<0.001; overweight vs. normal weight aIRR 0.98,
95% C10.97-0.99, P = 0.006; obese class-I vs. normal weight
alRR 0.97, 95% CI 0.96-0.99, P<0.001) (Table 2). Obese
class-II/III women had an impact on number of usable embry-
os (alRR =0.95, 95% CI 0.93-0.97, P<0.001). When only
blastocyst cycles were analyzed, the difference in number of
usable blastocysts was not statistically significant between
overweight and normal weight women, whereas those who
were underweight and obese had fewer usable blastocysts than
the normal weight individuals (Supplementary Table S1).
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Ongoing clinical pregnancy

Among 39,055 women with a fresh embryo transfer,
obese individuals had lower odds of ongoing clinical
pregnancy compared to those of normal weight after ad-
justment for confounders (Table 2). In a comparison of
the odds of ongoing clinical pregnancy between obese
class-I and normal weight women, aOR was 0.89 (95%
CI 0.83-0.95, P<0.001), while an aOR comparing obese
class-II/IIT and normal weight women was 0.86 (95% CI
0.79-0.93, P<0.001). Underweight and overweight wom-
en did not have significantly lower odds of ongoing clin-
ical pregnancy compared to those of normal weight (P =
0.21 and P=0.09, respectively). When only blastocyst
transfers were included, results remained consistent, with
obese women having lower odds of ongoing clinical preg-
nancy (Supplementary Table S1).

Subgroup analyses

We next examined the effect of BMI on IVF cycle out-
comes for subgroups with different primary infertility di-
agnoses: DOR, endometriosis, idiopathic, male factor,
ovulatory dysfunction, PCOS, tubal factor, and uterine
factor. We found that the effect of BMI on IVF cycle
outcomes was more pronounced for PCOS, ovulatory dys-
function, male factor, and uterine factor (Supplementary
Tables S2-S5).

PCOS For cycles in which the patient’s primary diagnosis
was PCOS, the odds of cycle cancellation were higher in
women with obese BMI compared to normal BMI (obese
class-I vs. normal weight: aOR 2.59, 95% CI 1.40-4.78,
P =0.002; obese class-II/IIT vs. normal weight: aOR 2.56,
95% CI 1.35-4.84, P=0.004) (Fig. 1, Supplementary
Table S2). Both overweight and obese women had fewer
oocytes retrieved compared to normal weight individuals
(overweight vs. normal weight: alRR 0.96, 95% CI 0.94—
0.98, P=0.001; obese class-I vs. normal weight: alRR
0.93, 95% CI 0.90-0.96, P<0.001; obese class-II/I1I vs.
normal weight: aIRR 0.85, 95% CI 0.82-0.88, P<0.001)
(Fig. 1, Supplementary Table S3). Overweight and obese
women also had fewer usable embryos compared to nor-
mal weight individuals (overweight vs. normal weight:
alRR 0.95, 95% CI 0.91-0.99, P=0.03; obese class-I
vs. normal weight: alRR 0.89, 95% CI 0.84-0.94, P<
0.001; obese class-II/III vs. normal weight: alRR 0.84,
95% CI 0.79-0.89, P<0.001) (Fig. 2, Supplementary
Table S4). For ongoing clinical pregnancy, only obese
class-II/IIT women had a poorer outcome than normal
weight individuals (aOR 0.56, 95% CI 0.42-0.74, P<
0.001) (Fig. 2, Supplementary Table S5).
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Fig. 1 The effect of BMI on cycle
cancellation (a) and number of
oocytes retrieved (b) among
women with a diagnosis of
PCOS, ovulatory dysfunction,
male factor, or uterine factor

Fig. 2 The effect of BMI on
number of usable embryos (a) and
ongoing clinical pregnancy (b)
among women with a diagnosis
of PCOS, ovulatory dysfunction,
male factor, or uterine factor
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Ovulatory dysfunction For cycles in which the patient’s
primary diagnosis was ovulatory dysfunction, the odds
of cycle cancellation were higher in obese class-11/1I1
women compared to those of normal weight (aOR 1.58,
95% CI 1.10-2.26, P=0.01) (Fig. 1, Supplementary
Table S2). Both overweight and obese women had fewer
oocytes retrieved compared to normal weight individuals
(overweight vs. normal weight: aIRR 0.98, 95% CI 0.96—
0.99, P=0.01; obese class-I vs. normal weight: alRR
0.93, 95% CI 0.91-0.95, P<0.001; obese class-1I/I1I vs.
normal weight: alRR 0.85, 95% CI 0.83-0.87, P<0.001)
(Fig. 1, Supplementary Table S3). Obese women also had
fewer usable embryos compared to those of normal
weight (obese class-I vs. normal weight: alRR 0.93,
95% CI1 0.89-0.97, P=0.002; obese class-II/I1I vs. normal
weight: alRR 0.92, 95% CI 0.87-0.96, P <0.001) (Fig. 2,
Supplementary Table S4). For ongoing clinical pregnancy,
underweight, overweight, and obese women had a similar
outcome compared to normal weight individuals (Fig. 2,
Supplementary Table S5).

Male factor For cycles in which the couple’s primary diagno-
sis was male factor, the odds of cycle cancellation were higher
in obese women compared to those of normal weight (obese
class-I vs. normal weight: aOR 1.57, 95% CI 1.22-2.02, P<
0.001; obese class-II/III vs. normal weight: aOR 1.80, 95% CI
1.34-2.42, P<0.001) (Fig. 1, Supplementary Table S2).
Obese class-II/III women had fewer oocytes retrieved com-
pared to normal weight individuals (aIRR 0.91, 95% CI 0.89—
0.93, P<0.001) (Fig. 1, Supplementary Table S3), while
obese class-I women had fewer usable embryos compared to
those of normal weight (aIRR 0.96, 95% CI 0.93-0.99, P=
0.04) (Fig. 2, Supplementary Table S4). For ongoing clinical
pregnancy, underweight, overweight, and obese women had a
similar outcome compared to normal weight individuals (Fig.
2, Supplementary Table S5).

Uterine factor For cycles in which the patient’s primary diag-
nosis was uterine factor, the odds of cycle cancellation were
higher in overweight and obese women compared to normal
weight individuals (overweight vs. normal weight: aOR 1.33,
95% CI 1.09-1.61, P=0.004; obese class-I vs. normal
weight: aOR 1.35, 95% CI 1.03-1.77, P=0.03; obese class-
II/III vs. normal weight: aOR 1.90, 95% CI 1.37-2.63, P<
0.001) (Fig. 1, Supplementary Table S2). Compared to those
of normal weight, obese class-II/IIl women had fewer oocytes
retrieved (alRR 0.93, 95% CI 0.90-0.96, P <0.001) (Fig. 1,
Supplementary Table S3), and fewer usable embryos (alRR
0.88, 95% CI 0.83-0.93, P<0.001) (Fig. 2, Supplementary
Table S4). Odds of ongoing clinical pregnancy of under-
weight, overweight, and obese women were not statistically
significantly different from their normal weight counterparts
(Fig. 2, Supplementary Table S5).
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Discussion

This study is the first to utilize detailed patient-level,
multi-center data to demonstrate that obesity is associated
with a significantly increased probability of cycle cancel-
lation, as well as a lower number of oocytes retrieved,
number of usable embryos, and odds of clinical pregnan-
cy. The magnitude of these differences is greater in wom-
en with class-II/IIl obesity. Overweight individuals were
also more likely to have their cycles cancelled, while both
over- and underweight women had fewer usable embryos.
This study is the first to use rich clinical metrics to study
the impact of BMI on each phase of IVF separately and to
control for prior cycle outcomes in each subsequent anal-
ysis. This approach allowed for a more independent as-
sessment at each stage. Furthermore, to our knowledge,
no prior studies have investigated all diagnostic sub-
groups with regard to the impact of BMI. In the analysis
by primary diagnosis, the negative impact of elevated
BMI was particularly profound in those with PCOS or
ovulatory dysfunction. Prior studies have shown that
PCOS may be a negative risk factor for IVF outcomes
including fertilization, pregnancy, miscarriage, and cycle
cancellation [43], and our data further suggest that oligo-
or anovulatory women, even those without PCOS, do
worse when burdened with excess weight. Overall, from
the perspective of patient counseling, given the conflict-
ing data in prior studies, our data help estimate a risk for
overweight and obese women undergoing IVF, such as the
50% higher odds of cycle cancellation associated with
class-II/IIT obesity.

The study does, however, have several limitations that war-
rant follow up work. Some diagnoses had a smaller sample
size than others, which may have prevented a signal from
emerging. Furthermore, variations in how clinics define pri-
mary infertility diagnosis may also diminish the signal.
Although the study included multiple centers, the sites may
not have been representative of all fertility practices nationally
or internationally. Most cycles utilized only a few common
protocols and primarily performed blastocyst transfer, but as
with all real-world evidence, practice variations exist within
these data. The data may also include some misclassification;
for example, though some with an anovulatory diagnosis may
actually meet PCOS criteria, without more complete data, fur-
ther characterization of this group is not possible. Another
limitation is that we were unable to investigate live birth out-
comes because data were not available for the entire cohort.
Finally, though some clinical outcomes, such as number of
oocytes retrieved, may demonstrate small absolute differ-
ences, the cumulative impact of obesity at multiple stages
throughout the treatment journey appears to result in the high-
ly clinically significant disparity in clinical pregnancy rates
observed by BMI stratification.
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With regard to possible mechanisms at play in the
diagnosis-specific analysis, we theorize that the impact of
male factor may be secondary. Obese women may be more
likely to have obese male partners [44], and paternal obesity is
also a known risk factor for poorer IVF outcomes [45]. We
also found a BMI effect in women with a uterine factor diag-
nosis, even prior to implantation. Although uterine factor en-
compasses a wide variety of diagnoses, the body habitus com-
bined with a bulky myomatous or adenomyomatous uterus
could possibly complicate oocyte retrieval and lead to fewer
oocytes being retrieved. Further prospective studies are need-
ed to confirm these findings and to detail the mechanisms
whereby these groups seemed particularly vulnerable to the
impact of BML

Overall, these results provide a detailed picture of the rela-
tionship between BMI and IVF cycle outcomes, which is
greatly needed to provide infertility patients with the most
accurate clinical prognosis and guidance. These numbers
identify and could help to motivate those who have the most
to gain from lifestyle improvement, which has been previous-
ly demonstrated to have a positive impact, including in PCOS
women specifically [46—49]. Understanding patterns around
the total number of usable embryos may also help in counsel-
ing patients who hope to obtain enough embryos in one stim-
ulation cycle to achieve their entire family-building goals.
Finally, our data could help to clarify the risk profile associat-
ed with underweight women, who have been far less studied
than women on the other side of the BMI spectrum. Our data
were largely reassuring on this front because the only signif-
icant finding was a statistically significant, but not clinically
meaningful, lower number of usable embryos.

In conclusion, women who were classified as overweight
or obese had poorer IVF cycle outcomes than those with a
normal BMI. Certain diagnoses, particularly PCOS or ovula-
tory dysfunction, exacerbated these negative effects. Future
research should aim to identify the underlying mechanisms,
as well as the best patient-centered practices to help fertility
patients optimize their weight prior to starting treatment.
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