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Abstract
Purpose Obesity, measured by bodymass index (BMI), is implicated in adverse pregnancy outcomes for women seeking in vitro
fertilization (IVF) care. However, the shape of the dose-response relationship between BMI and IVF outcomes remains unclear.
Methods We therefore conducted a dose-response meta-analysis using a random effects model to estimate summary relative risk
(RR) for clinical pregnancy (CPR), live birth (LBR), and miscarriage risk (MR) after IVF.
Results A total of 18 cohort-based studies involving 975,889 cycles were included. For each 5-unit increase in BMI, the summary
RRwas 0.95 (95%CI: 0.94–0.97) for CPR, 0.93 (95%CI: 0.92-0.95) for LBR, and 1.09 (95%CI: 1.05-1.12) for MR. There was
evidence of a non-linear association between BMI and CPR (Pnon-linearity < 10−5) with CPR decreasing sharply among obese
women (BMI > 30). Non-linear dose-response meta-analysis showed a relatively flat curve over a broad range of BMI from 16 to
30 for LBR (Pnon-linearity = 0.0009). In addition, we observed a J-shaped association between BMI and MR (Pnon-linearity = 0.006)
with the lowest miscarriage risk observed with a BMI of 22–25.
Conclusions In conclusion, obesity contributed to increased risk of adverse IVF outcomes in a non-linear dose-response manner.
More prospective trials in evaluating the effect of body weight control are necessary.
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Introduction

Obesity is a serious health issue for both developed and de-
veloping countries, affecting more than one billion adults [1].
Women of reproductive age are not invulnerable; 25% of
reproductive-aged women in the USA and Europe are over-
weight (body mass index [BMI] 25.00–29.99 kg/m2), and
23% approximately are obese (BMI ≥ 30.00 kg/m2) [2–4].
Accumulated evidence has shown that excess adiposity con-
tributes to unfavorable obstetric outcomes, including higher
risk of miscarriage, preterm birth, fetal deaths, and pregnancy
complications [5–7].

Recent studies exploring adverse effects of obesity on
endocrine system [8], anovulation [9], and oocyte quality
[10] have brought attention toward women with elevated
BMIs seeking in vitro fertilization (IVF) treatment.
However, the impact of elevated BMI on IVF outcomes
remains somewhat controversial. Early data suggested a
lack of association between BMI and IVF outcomes
[11–13], but two recent meta-analyses concluded that ele-
vated BMI was associated with higher miscarriage rates,
reduced pregnancy, and live birth rates [14, 15]. These
studies were based on unadjusted estimates though female
age, embryo transfer strategy (fresh and frozen embryo
transfer protocols), and PCOS are well-established con-
founding factors for IVF outcomes. It is therefore possible
that the detected effect of BMI was really an effect of these
confounders. Extrapolating from these studies is limited by
the fact that BMI was categorized as overweight, normal,
or obesity groups in their analyses. The exact shape of the
dose-response relationship between BMI and IVF out-
comes has not been clearly defined. Thus, it is not clear
whether there are any threshold effects between BMI and
adverse IVF outcomes, and clarifying this would be of
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major importance for public health implications and im-
proved guidelines to manage risk factors. We therefore
conducted a dose-response meta-analysis of cohort-based
studies that investigated the association between BMI and
clinical pregnancy rates (CPR), live birth rates (LBR), and
miscarriage rates (MR) following IVF.

Materials and methods

Identification and eligibility of relevant studies

To identify studies addressing IVF outcomes and BMI, an
extensive literature search from 1988 up to March 2020 was
conducted from PubMed, ISI Web of Science, and Cochrane
Library. The search term included keywords relevant to BMI
(e.g., “body mass index,” “overweight,” “obesity,” “under-
weight”) in combination with words related to IVF (e.g.,
“In vitro fertilization,” “Intracytoplasmic sperm injection,”
“ICSI,” “controlled ovarian stimulation,” “ART,” “assisted
reproduction technologies”). No language restriction was
used, and retrieved articles were screened based on title and
abstract, before evaluating the full text. The references of in-
cluded studies were scrutinized and hand-searched for addi-
tional eligible studies. Case reports, non-human study, edito-
rials, and review articles were not considered. The present
study was conducted based on theprincipal of PRISMA guide-
lines [16].

Eligible studies were required to meet the following
criteria: (1) cohort-based study evaluated the association
between BMI and IVF outcomes; (2) original articles re-
ported independent data; (3) reported number of case and
control for 3 or more BMI categories; (4) reported adjust-
ed relative risks (RRs) with 95% confidence intervals
(CIs) for each BMI category or sufficient information
for effect size calculation. Studies with fewer than three
BMI categories, raw data without adjustment, overlapping
samples, insufficient data, and in vitro maturation cycle
were excluded.

Data extraction

The outcomes of interest were clinical pregnancy rates, live
birth rates, and miscarriage rates. Information with regard to
authorship, publication year, country, study design, numbers
of patients or cycles, BMI, oocytes source (autologous or do-
nor), embryo transfer strategy (fresh or frozen), variables ad-
justed for in the multivariable analysis, and RR estimates with
corresponding 95% CIs was summarized. Data extraction
from included studies was performed independently by two
reviewers.

Statistical analysis

The method proposed by Greenland and Longnecker [17] and
Orsini [18] was used for the dose-response analysis. For BMI
level-specific RRs from each study, the midpoint of the upper
and lower boundary for each BMI category was assigned to
the corresponding RR estimate. For the lowest or highest cat-
egory, open-ended category was assumed to have the same
amplitude as that of the adjacent interval. A restricted cubic
spline model with three knots (10, 50, and 90% percentiles)
was used to estimate a potential curve linear association be-
tween BMI and IVF outcomes. The P value for non-linearity
was calculated by a likelihood ratio test [19]. The study-
specific relative risks and variances were pooled using the
DerSimonian-Laird random effects model [20] to calculate
the summary RR and 95% CI for a 5-unit increment in BMI.
Subgroup analyses were stratified by embryo transfer strategy
and source of oocytes. Cochran’s Q test and I2 index were
calculated to explore heterogeneity across studies [21].
Egger’s tests and Begg’s tests were used to identify potential
publication bias [22]. Type I error rate was set at 0.05 for two-
sided analysis. All statistical analyses were done using the
STATA software (Version 12.0).

Results

Study characteristics

The results of the search process and study selection are sum-
marized in Fig. 1. Eighteen cohort-based studies involving
975,889 cycles were finally included [3, 5, 10, 23–37]. Nine
of these studies included only fresh embryo transfers, and 3
studies included only frozen embryo transfers. Six studies
reported only autologous cycles, and 2 studies reported only
donor cycles. Six studies recruited women undergoing their
first cycles. Of the included studies, only 5 articles reported
race/ethnicity. Characteristics of the included studies were
shown in Table 1 and Supplementary Table 1.

Dose-response meta-analysis

Sixteen studies were included in the analysis of BMI and CPR
involving 586,630 cycles. The overall RR for a 5-unit incre-
ment in BMI was 0.95 (95% CI: 0.94–0.97, P < 10−5; Fig. 2a)
without significant between-study heterogeneity (I2 = 14.1%,
P = 0.05). The summary RR was similar when stratified by
embryo transfer strategy and source of oocytes (Table 2). The
statistical results did not show publication bias (Egger’s test, P
= 0.05; Begg’s test, P = 0.47). There was evidence of a non-
linear association between BMI and CPR, Pnon-linearity < 10−5

(Fig. 2b). The shape of the dose-response curve was steeper
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and there was evidence of a sharply decreased CPR among
obese women (BMI > 30).

Thirteen studies were included in the analysis of BMI with
LBR and included 740,839 cycles. The summary RR for a 5-
unit increment in BMI was 0.93 (95% CI: 0.92–0.95, P <
10−5; I2 = 26.4%, Pheterogeneity = 0.04; Fig. 2c). Further strati-
fied according to embryo transfer strategy and source of oo-
cytes, the summary RRwas comparable to the overall analysis
(Table 2). The Egger test (P = 0.11) and the Begg test (P =
0.90) did not show evidence of publication bias. We did not
find evidence suggesting any linear relation between BMI and
LBR, Pnon-linearity = 0.0009. Non-linear dose-response meta-
analysis showed a relatively flat curve over a broad range of
BMI from 16 to 30, with a suggestion of lower LBR associ-
ated with higher BMI where data are more sparse and CIs
wider (Fig. 2d) and where studies had higher proportions of
PCOS patients.

Thirteen studies were included in the analysis of BMI and
MR involving 235,167 cycles. The summary RR formiscarriage
was 1.09 (95% CI: 1.05–1.12, P < 10−5) per 5-unit increment in
BMI (Fig. 2e). There was no strong evidence of heterogeneity
among included studies (I2 = 24.4%, P = 0.03). In the subgroup
analyses by embryo transfer strategy and source of oocytes, sig-
nificant associations sustained (Table 2). The dose-response
curve for the association was non-linear (Pnon-linearity = 0.006),
and there was a J-shaped association between BMI and miscar-
riage risk. The lowest miscarriage risk was observed with a BMI
of 22-25 (Fig. 2f), suggesting increased miscarriage risk for
women being underweight or overweight/obese. We found no
evidence of small study effects (P > 0.05).

To assess the influence of the individual dataset to the
pooled RRs, one single study included in the meta-analysis
was deleted each time, and the corresponding pooled RRs
were not qualitatively altered.

Discussion

To our knowledge, this is the first meta-analysis to explore a
potential non-linear association of female BMI and IVF out-
comes. Each 5-unit increase in female BMI was related to a
statistically significant decrease in risk by 5% and 7% for CPR
and LBR, respectively. We also found a 9% increase in the
relative risk of miscarriage per 5 units increase in BMI.
Although there was evidence of a non-linear association be-
tween BMI and clinical pregnancy, live birth, and miscarriage
rate, the non-linearity appeared to be due to a relatively flat
curve over a broad range of BMI for CPR and LBR, and a J-
shaped curve for MR.

Our results on LBR are in agreement with the previous
meta-analysis by Sermondade et al. [15]. In light of our re-
sults, the negative relationship between obesity and LBR can
be due to synergetic effect of lower CPR and higher MR: the
former being direct and the latter making it worse. Therefore,
examining the two IVF outcomes separately, as we did in the
present study, should provide a better understanding of the
underlying relationships between BMI and IVF outcomes. In
addition, a non-linear association is observed in the overall
analysis with increased risk of adverse IVF outcomes above
a BMI of 30 but most pronounced above a BMI of 35. Thus,

Fig. 1 Flowchart of study
selection
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Table 1 Characteristics of included studies

Author Year Country Outcomes Study design Sample size
(cycle/women)

Oocytes
source

Embryo
transfer
strategy

Exclusion criteria

Wang 2000 Australia Clinical pregnancy Retrospective
cohort

8822/3586 NA NA NA

Insogna 2017 USA Clinical pregnancy,
miscarriage,
ongoing
pregnancy

Retrospective
cohort

461/461 Autologous
and
donor

First
frozen--
thawed
blastocyst
transfer

Cycle cancellation, incomplete
cycle information

Schliep 2015 USA Clinical pregnancy,
live birth

Prospective
cohort

721/721 Autologous First fresh
embryo
transfer

Nonobstructive azoospermia
men

Cai 2017 China Clinical pregnancy,
abortion, live
birth

Retrospective
cohort

4798/4401 Autologous Fresh embryo
transfer

Patients on mild stimulation
cycles, natural cycles, and
luteal-phase stimulation
cycles were excluded from
the study. We also excluded
patients with diagnoses of
diabetes, glucose intolerance,
and thyroid abnormality.

Oliveira 2018 Brazil Clinical pregnancy,
abortion, live
birth

Prospective
cohort

3740/NA Autologous Fresh embryo
transfer

Abnormal karyotype, uterine
defects, evidence of
hydrosalpinx, infections,
endocrine problems,
coagulation defects or
thrombophilia, and
autoimmune defects.

Christensen 2016 Denmark Clinical pregnancy Historical
cohort

5342/NA Autologous Fresh embryo
transfer

Women were excluded if they
were receiving other types of
treatment, for example,
insemination or had missing
information on either BMI
and/or treatment type.
Women were excluded due
to ovulation before oocyte
retrieval

Provost 2016 USA Clinical pregnancy,
pregnancy loss,
live birth

Retrospective
cohort

239127/NA autologous fresh embryo
transfer

patients with height < 48 inches
andweight < 70 pounds were
excluded

Provost 2016 USA Clinical pregnancy,
pregnancy loss,
live birth

Retrospective
cohort

22317/22317 Donor Fresh embryo
transfer

Patients with height < 48 inches
andweight < 70 pounds were
excluded.

Zhang 2019 China Clinical pregnancy,
live birth,
miscarriage

Retrospective
cohort

22043/22043 Autologous
and
donor

First
frozen--
thawed
embryo
transfer

Patients older than 40 years of
age; a history of recurrent
miscarriage (defined as ≥ 2
previous biochemical/
clinical losses); previous IVF
attempts regardless of a prior
fresh or frozen embryo
transfer; the presence of
submucosal fibroids or
polyps, intramural fibroids >
4 cm, hydrosalpinx, and
congenital uterine
malformation as determined
by three-dimensional
ultrasound and
hysterosalpingography.
Patients with hypertension,
diabetes, or thyroid
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Table 1 (continued)

Author Year Country Outcomes Study design Sample size
(cycle/women)

Oocytes
source

Embryo
transfer
strategy

Exclusion criteria

dysfunction were also
excluded.

Luke 2011 USA Clinical pregnancy,
live birth

Retrospective
cohort

45163/NA Autologous
and
donor

Fresh and
frozen
embryo
transfer

NA

Bailey 2014 USA Clinical pregnancy,
live birth

Retrospective
cohort

101/79 Autologous
and
donor

Fresh embryo
transfer

In vitro maturation, FSH
greater than 10 mIU/mL,
uncontrolled thyroid disease
as defined by
thyroid-stimulating hormone
of 5.7 mIU/L or greater
based on our laboratory
cutoff for an abnormal value,
a history of chemotherapy or
radiation exposure, a
recurrent pregnancy loss,
uterine factor, balanced
translocation (in either
partner), surgically
documented endometriosis
or pelvic adhesions, a history
of pelvic inflammatory
disease, adenomyosis, and
sub-mucosal myoma.

Bellver 2013 Spain Clinical pregnancy,
live birth,
miscarriage

Retrospective
cohort

9587/9587 Donor Fresh and
frozen
embryo
transfer

Recipients with uterine
pathologic conditions or a
clinical history of recurrent
miscarriage were excluded

MacKenna 2017 Chile Clinical pregnancy,
miscarriage, live
birth

Retrospective
cohort

107313/107313 Autologous Fresh embryo
transfer

NA

Chueca 2010 Spain Clinical pregnancy,
miscarriage

Retrospective
cohort

5719/NA NA NA NA

Wang 2002 Australia Abortion Retrospective
cohort

2349/2349 NA NA NA

Sarais 2016 Italy Live birth,
miscarriage,
ongoing clinical
pregnancy

Retrospective
cohort

1602/1602 Autologous First fresh
embryo
transfer

NA

Kawwass 2016 USA Clinical pregnancy,
miscarriage, live
birth

Retrospective
cohort

494097/NA Autologous Fresh embryo
transfer

Donor and frozen cycles are
excluded

Qiu 2019 China Clinical pregnancy,
miscarriage, live
birth

Retrospective
cohort

2587/2587 Autologous first frozen
Embryo
transfer

Serious and unstable disease,
such as cerebrovascular,
liver, or kidney diseases;
gynecological border-line
and malignant tumors
(ovarian tumor, endometrial
tumor, and cervical cancer);
other metabolic disorders
(diabetes or adrenal cortex
hyperfunction);
chromosomal abnormalities;
or congenital uterine
malformations.

NA not available
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Fig. 2 Non-linear dose-response analysis and linear trend (per 5 BMI units) of BMI in relation to clinical pregnancy (a, b), live birth (c, d) and
miscarriage (e, f) of IVF. Short-dashed blue lines represent 95% confidence intervals
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our results provide further support for previous recommenda-
tions to be within the normal range of BMI but also suggest
that the detrimental effects of morbidly obese on IVF out-
comes should be counseled to women seeking pregnancy with
the technique.

Though age, embryo transfer strategy, number of embryos
transferred, and PCOS are established risk factors for IVF
outcomes, in our analysis all included studies adjusted for
BMI, suggesting an association independent of BMI. The bi-
ological mechanism by which excess adiposity affects the risk
of these outcomes may involve oocyte and embryo quality,
ovarian folliculogenesis, impaired uterine environment, em-
bryonic development, metabolic alterations, and interaction
between these factors [38–41]. For instance, some studies
have demonstrated an increase in euploid miscarriage in obese
women [42], suggesting a key role of endometrial factors in
the poorer IVF outcomes among obese women. Other re-
searchers did not find increased rates of aneuploidy with in-
creasing BMI [43], suggesting that poor oocyte “quality” in
obese patients may be due to factors more complex than chro-
mosomal competence. Though a threshold at around a BMI of
22–25 for miscarriage rate was observed in the present study,
detailed mechanism underlying relationships between obesity
and IVF outcomes remain unclear.

In the subgroup analyses based on embryo transfer strategy, a
pooled analysis of 2 studies found a non-significant reduction in
the relative risk of clinical pregnancy undergoing frozen-thawed
blastocysts transfers (FET). As suggested by prior studies, using
FETs which allows for transfer of embryos into a more physio-
logic uterine environment may help maximize chances of IVF
success [44]. However, most of published studies include fresh

cycle, with very few data available on FET to explore the influ-
ence of BMI on reproductive outcomes. Though no significant
association was detected for MR in donor oocyte cycles, this
finding may be attributed to various factors including endome-
trial effect and differences in baseline [45]. Thus, these differ-
ences should not be considered clinically significant. The sub-
group analysis was based on studies with limited information
available; thus, the result must be interpreted with caution.

Bariatric surgery was suggested as a better way to improve
the results of IVF treatment in obese infertile women [46].
However, two recent randomized controlled trials of lifestyle
intervention failed to find any favorable effect of short period of
weight loss on pregnancy or LBR improvement following IVF
[47, 48]. For women undergoing IVF, the problem is the con-
flict with time. The time it takes to achieve weight loss may not
be useful to counter the issues of diminishing ovarian reserve.
These results based on different weight loss strategies in obese
infertile women highlight the need for more prospective trials
with better adherence and longer period of intervention to de-
sign the optimal treatment. Therefore, it is difficult to set a BMI
threshold exactly going to change clinical care when patients
are not typically able to achieve weight loss before starting
treatment. Also some clinics refuse to treat women with BMI
over 40. Our results clearly emphasize the importance of
counseling underweight or obese infertile women before IVF,
as cumulative evidences suggest potential long-term effect of
abnormal weight on mothers and offspring.

The present meta-analysis has several strengths. Firstly, only
cohort-base studies were included and thus recall and selection
bias are limited. Secondly, the large sample size allowed us to
establish a most comprehensive view of the associations

Table 2 Summary RRs and 95% CIs for a 5-unit increment in BMI and IVF outcomes

Sub-group analysis Clinical pregnancy Live birth Miscarriage

No. of data
sets

RR (95% CI) P No. of data
sets

RR (95% CI) P No. of data
sets

RR (95% CI) P

Overall 16 0.95
(0.94–0.97)

<10−5 13 0.93
(0.92–0.95)

<10−5 13 1.09
(1.05–1.12)

<10−5

Embryo transfer
strategy

Fresh 9 0.96
(0.94–0.97)

<10−5 9 0.95
(0.93–0.97)

<10−5 7 1.07
(1.03–1.11)

<10−5

Frozen 3 0.95
(0.91–0.99)

0.09 2 0.91
(0.87–0.94)

<10−5 3 1.17
(1.08–1.27)

0.002

Source of oocytes

Autologous 8 0.96
(0.95–0.98)

<10−5 8 0.95
(0.94–0.97)

<10−5 7 1.07
(1.02–1.11)

0.003

Donor 2 0.94
(0.93–0.95)

<10−5 2 0.91
(0.89–0.93)

<10−5 2 1.06
(0.97–1.15)

0.18
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between BMI with different types of IVF outcomes, including
clinical pregnancy, live birth, and miscarriage. As like any other
meta-analysis, limitations also inevitably existed in the present
study. As data on different ethnic population is currently limited,
future prospective studies including awider spectrumof subjects
are needed, particularly because current publications suggest
significant racial/ethnic disparities in IVF outcomes [49]. In ad-
dition, a meta-analysis based on observational studies is not able
to solve the problem of residual confounders.

In conclusion, findings from this dose-response meta-anal-
ysis provide further evidence for the adverse effects of obesity
on IVF outcomes. These results suggest that obesity may be-
come one preventable cause of adverse outcomes following
IVF, and further work in evaluating the effect of body weight
control is necessary.
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