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Abstract

Background: There has been increasing interest in the relationship between body mass index(BMI) and pregnancy
outcomes, especially in women undergoing frozen embryo transfer(FET). Several observational studies have been
published, but so far with conflicting results.

Methods: A systematic review and meta-analysis was conducted according to PRISMA guidelines. Pubmed, Embase,
Cochrane Library, Clinicaltrails.gov and Web of Science databases were searched based on established search strategy
from inception through January 2021.

Results: Twelve studies were eligible. In women following FET, high BMI (BMI > 23 kg/mz) was associated with an
impaired live birth rate (LBR, OR: 0.89, 95% Cl: 0.82-0.96, P=10.002), but wasn't associated with the implantation rate
or the clinical pregnancy rate. Subgroup analysis revealed higher LBR for women didn't complicated by polycystic
ovary syndrome (PCOS, OR: 0.96, 95% Cl: 0.85-1.08, P=0.46) and women with blastocyst transferred (OR: 0.89, 95% Cl:
0.68-1.16, P=0.40). LBR did not differ between the low BMI group (BMI < 18.5 kg/m?) and the normal weight group.
Conclusions: Our study showed that high BMI in women is negatively associated with LBR in FET cycles, whereas
low BMI isn't. The results of subgroup analysis implied a need for women with a high BMI to get individualized weight
management and treatment. Further evidence is still required to optimize preconception health and develop Nutri-
tional and exercise guidelines.
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Background

There has been increasing interest in the relationship
between body mass index(BMI) and reproductive out-
comes [1-3]. The adverse effects of overweight/obesity
on pregnancy outcomes have been widely confirmed,
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of ovarian hyperstimulation syndrome and miscarriage,
increased cancellation rates, and lower oocyte recovery
[5, 6]. Though it is still on debating [7, 8], underweight
women may have higher rates of anovulatory and lower
fecundity [9, 10]. During in vitro fertilization (IVF)
cycles, the relationship between patients with a low BMI
and IVF outcomes turn out to be more inconsistent,
most previous studies are limited by small sample sizes
[7,9, 11-13].

Compared with fresh cycles, frozen embryo transfer
(FET) allows the timing of transfers more flexible, and the
embryos into a more physiologic uterine environment,
have drawn much attention in recent years [14, 15]. An
increasing number of observational studies and a meta-
analysis which investigated the relationship between
IVF outcomes and female obesity, have suggested a
decreased probability of live birth in obese (BMI > 30 kg/
m?) women compared with women with a normal
weight (BMI 18.5-24.9 kg/m?) [16]. However, almost
all records included in the meta-analysis were based on
fresh embryo transfers, and the underweight group was
not included. Given the quite different treatment and
the maternal status between fresh and frozen cycles, the
effect of abnormal BMI on FET outcomes deserves a sep-
arate assessment. Several observational studies evaluat-
ing the effect of abnormal BMI on pregnancy outcomes
have been published, but thus far, conflicting results have
been reported.

We therefore conducted a systematic review incor-
porating all the published studies and included a meta-
analysis to evaluate the association between high BMI
and pregnancy outcomes, including live birth rate (LBR),
implantation rate and clinical pregnancy rate follow-
ing FET. Subgroups analyses were performed according
to embryo stage, ovarian status, BMI category and cycle
rank. The relationship between female underweight and
LBR was also studied.

Methods

Our review was conducted followed by the PRISMA
guidelines for systematic reviews and meta-analyses [17].
A review protocol was registered in the international
prospective register of systematic reviews PROSPERO
(ID CRD42021232400).

Search strategy

The Pubmed(MEDLINE), Embase, Cochrane Library,
Clinicaltrails.gov and Web of Science databases were
searched with no time restrictions for relevant litera-
ture. Only studies published in English or Chinese were
included. Key search terms will be the following the
text words: ((“Embryo Transfer’[Mesh/Emtree] And
“Frozen”) OR (“Embryo Transfer’[Mesh/Emtree] And
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“Frozen-thawed”) OR (“Embryo Transfer”[Mesh/Emtree]
And “cryopreservation”) OR “FET” OR “Frozen embryo
transfer” OR “frozen-thawed embryo transfer” OR (“Blas-
tocyst Transfer” And “Frozen”), OR (“Blastocyst Trans-
fer” AND “Frozen-thawed”) OR (“Blastocyst Transfer”
And “cryopreservation”)) AND (“Body Mass Index” OR
“Obesity” OR “obese” OR “Overweight”) AND (“Preg-
nancy Outcome” OR “Live Birth” OR “Pregnancy Out-
come” OR “obstetric outcome” OR “perinatal outcome”
OR “Reproductive outcomes”).

Eligibility criteria and quality assessment

According to the National Institute of Health (NIH)
and the World Health Organization (WHO), an
abnormal BMI was identified as a BMI> 25 kg/m2 or
BMI <18.5 kg/m? [18]. However, latter evidence sug-
gested that Asian populations may have a high risk of
type 2 diabetes and cardiovascular disease in the exist-
ing WHO BMI category and therefore require a lower
BMI cut-off points to determine overweight and obe-
sity [19]. In certain countries, the BMI cut-off points
are more concrete. Therefore, the existing literature has
shown considerable heterogeneity on BMI category.
To be considered for inclusion, all observational stud-
ies (cohort studies and case report studies) assessed
the relationship between abnormal BMI and FET out-
comes were included. As compensation for inconsist-
ency, the original BMI cut-off points and mean 4 SD
value of BMI in each group were noted for further sub-
group analyses. Studies are required to report values of
live birth for BMI, if one study described implantation
rate or clinical pregnancy rate for BMI either, the data
would also be noted.

In study selection and quality assessment stage, two
reviewers (J.Q.Y. and Y.C.H) independently performed a
screening of titles and abstracts of all searched studies,
and relevant full-text articles were further assessed based
on the inclusion criteria to evaluate the risk of bias. Any
discrepancies or uncertainties were resolved by consen-
sus with a third reviewer (Y.Q.W).

The risk of uncontrolled bias in the studies will be
assessed using the Newcastle-Ottawa Scale(NOS) [20],
each study was judged by three perspectives: study selec-
tion (inclusion—exclusion criteria, population), compa-
rability between groups (age and embryo quality, studies
that provided greater control of confounding factors such
as cause of infertility, endometrial preparation protocol,
endometrial thickness, number of transferred embryos
and PCOS scored with additional stars) and evaluation of
the outcome and follow-up. The NOS criteria and scor-
ing system were fully described. Quality was ranked as
low (0-5 points), intermediate (6—7 points), or high (8-9
points). Only studies with a score of more than 5 points
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Fig. 1 The flow chart of study selection for the systematic review

were included. Publication bias assessment was per-
formed with funnel plots.

Data extraction and statistical analysis

We generated a descriptive table for population and
study characteristics about all eligible studies, including
the first author, publication year, country, study design,
BMI category, mean =+ SD value of BMI, inclusion—exclu-
sion criteria, embryo state of transferred, ovarian status,
cycle rank and endometrial preparation protocol. For
each group (normal weight, high or low BMI), the sam-
ple size, and the number of live births were noted, if the
original data was record as a percentage of live birth, they
were transferred into a number of live births according to
the sample size.

Statistical analysis was carried out using the soft-
ware Review Manager 5.3.5 (Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014).
Meta-analysis was performed using a random effects
model with the Mantel-Haenszel (M-H) method. The
I? statistic was used to assess the impact of heterogene-
ity across the studies, I?>>50% indicated substantial het-
erogeneity [21]. The magnitude of the effect of will be
estimated by calculating the odds ratio (OR) with 95%
confidence interval (CI). Pooled effect sizes were deemed
statistically significant at 2<0.05.

Results

Study selection and study characteristics

A flow diagram of study identification for the meta-
analysis is shown in Fig. 1. The search strategy identi-
fied a total of 903 articles, after removing duplicates,
266 abstracts were further reviewed, and irrelevant arti-
cles were excluded. 25 full-text articles were assessed for
eligibility and quantitative analysis. Among them, four
articles explored the association between BMI and repro-
ductive outcomes with fresh embryo transfers only, eight
were excluded for no live birth outcomes based on BMI,
and one article was a conference abstract superseded by
publication. All 12 studies had data available for BMI and
for correlated live birth, which seemed potentially appro-
priate for inclusion in the meta-analysis.

In aggregate, eleven of eligible studies had informa-
tion about high BMI and live births, including 42,724
EET cycles [22—32], and seven studies considered under-
weight women, including 34,300 FET cycles [23, 24, 26,
28, 29, 32, 33]. Most were conducted in autologous cycles
[22, 24-32], only one study taken donor cycles into con-
sideration [23]. Participants were recruited mainly from
China [22, 24, 25, 28, 29, 31, 32], the USA [23, 33], the UK
[30], France [27], and Turkey [26]. Studies considering
embryo transfer stage, ovarian status, and cycle rank are
presented in Table 1. Given that there are only a handful
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Fig. 2 Overall effect of high BMI on the live birth rate.'Events'relates to FET cycles leading to live birth, and ‘Total'relates to the total number of FET
cycles included in the study. A high BMI was considered BMI > 23 kg/m?, and a normal weight was considered BMI 18.5-22.9 kg/m?
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Fig. 3 Subgroup analysis according to BMI category. ‘Events'relates to FET cycles leading to live birth, and ‘Total' relates to the total number of FET
cycles included in the study
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of different methods for preparing the uterine endome-
trium and that all included studies confirmed the thick-
ness of endometrium on the day of embryo transferred
reached a certain value (7 or 8 mm), we believe these
studies were of similar methodological quality.

Most studies met the four standard WHO cat-
egories for BMI(underweight, normal weight, over-
weight and obese were defined based on a respective
BMI<18.5 kg/m? >18.5 BMI<24.9 kg/m? >25 kg/m?
and BMI > 30 kg/m?) [23, 25-31, 33]; one study used the
Asian BMI classification [32], namely, normal weight was
18.5-22.9 kg/m? [18], and two studies stratified patients
according to the Chinese standard [22, 24], and defined
normal weight as 18.5-24 kg/m? Since eligible studies
outlined the BMI classification differently and to delimit
a homogenous definition among the included studies in
the meta-analysis, we set 18.5 kg/m* <BMI <22.9 kg/m?
for normal BMI and pooled all of the predefined over-
weight and obese patients in which BMI sets were more
than 23 kg/m? for high BMI group. To ensure that par-
ticipants in studies with higher BMI cut-off points (BMI
between 23 and 24.9) were not mistakenly assigned to
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normal weight group, we noted mean=+SD value of
BMI in each study. Eight studies had available data and
showed mean value of control group ranged from 20.67—
21.82 kg/m?, and the overall heterogeneity was moderate
at 40%, which could be tolerated.

Primary outcome: association between LBR and high BMI
Overall LBR outcomes

From the meta-analysis, high-BMI overall (BMI > 23 kg/
m?) has significantly adverse effect on live birth (OR: 0.89,
95% CI: 0.82-0.96, P=0.002, I* 40%) compared with a
BMI in the normal range (Fig. 2). Subgroup analyses were
further conducted according to BMI standards (Fig. 3),
it turns out that there was no association between high
BMI and live birth when the cut-off point was 25 kg/m?
(OR: 0.91, 95% CI: 0.82—-1.02, P=0.10, I*=41%).

Subgroup analyses for LBR

Subgroup analyses were performed according to cycle
rank (first, all, not specified, Fig. 4), indicating that a
high BMI adversely affected LBR in the first cycle of FET
but not in all cycles. Studies considering the first FET

High-BMI Normal

Study or Subgroup  Events  Total Events

First

Jin 2019 459 1279 1316 3446 12.0%
Lin 2019 326 708 488 972 5.7%
Ozgur 2019 220 409 160 299 2.4%
Qiu 2019 364 823 797 1614 7.5%
Tang 2021 528 1210 2864 6230 13.9%
Zhang 2019 2709 6292 6170 13224 58.5%
Subtotal (95% CI) 10721 25785 100.0%
Total events 4606 11795

Heterogeneity: Tau®= 0.00; Chi*= 2.54, df=5(P=0.77), F= 0%
Test for overall effect: Z=5.72 (P < 0.00001)

All

Chen 2018 66 138 158 260 305%
Insogna 2017 51 165 92 288 30.8%
Prost 2020 48 252 288 1415 38.7%
Subtotal (95% Cl) 555 1963 100.0%
Total events 165 538

Heterogeneity: Tau®=0.03; Chi*=3.31,df= 2 (P = 0.19); F= 40%
Test for overall effect: Z=1.41 (P=0.16)

Not Specified

Rittenberg 2011 19 36 40 52 43.0%
Wang 2017 191 421 1347 3191 57.0%
Subtotal (95% Cl) 457 3243 100.0%
Total events 210 1387

Heterogeneity: Tau*= 0.63; Chi*= 6.46, df=1 (P = 0.01); F=85%
Test for overall effect: Z= 0.66 (P = 0.51)

Test for subaroun differences: Chi*=042. df=2 (P=081. F=0%

cycles included in the study

Total Weight M-H, Random, 95% CI

Fig. 4 Subgroup analysis according to cycle rank.'Events'relates to FET cycles leading to live birth, and ‘Total'relates to the total number of FET
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cycle combined analysis with a total of 36,506 cycles
showed good homogeneity and significantly lower LBR
in women with a high BMI than in women with a normal
weight (OR: 0.87, 95% CI: 0.83-0.92, P<0.001, I*=0%),
whereas LBR was comparable between obese women
and women with a normal weight when all FET cycles
were considered. We also performed subgroup analyses
according to ovarian status (PCOS, non-PCOS, PCOS &
non-PCOS, not specified, Fig. 5). Pooled data from three
studies considering PCOS patients, suggested a lower
LBR in PCOS women than in women with a normal
weight (OR: 0.80, 95% CI: 0.70-0.92, P =0.001, 1=15%).
However, the same interpretation was not observed in
studies that selected only women without PCOS (OR:
0.96, 95% CI: 0.85-1.08, P=0.46, I*>=48%), and three
eligible studies showed a mediation effect (OR: 0.81, 95%
CL: 0.59-1.11, P=0.19, I>=53%). It seemed that women
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with PCOS were more vulnerable to the adverse effect
of high BMI on live birth than those without PCOS.
Subgroup analyses was performed according to embryo
stage (cleavage & blastocyst, blastocyst, Fig. 6). Four
studies reported on only blastocyst transferred showed
that the negative association between high BMI and
LBR might be modified (OR: 0.89, 95% CI: 0.68-1.16,
P=0.40, I*=41%).

Secondary outcomes

Implantation rate and Clinical pregnancy rate associated
with high BMI

When it comes to early pregnancy, nine studies analyzed
37,291 cycles showed no difference in the clinical preg-
nancy rate between high BMI and women with a nor-
mal weight (Fig. 7, OR: 0.95, 95% CI: 0.87-1.04, P=0.29,
12=47%). Furthermore, there was no difference in the

Heterogeneity: Tau®*= 0.00; Chi*=2.37,df=2 (P=0.31); F=15%
Test for overall effect: Z=3.19 (P = 0.001)

Non-PCOS

Jin 2018 459 1279 1316 3446 37.3%
Tang 2021 528 1210 2864 6230 39.7%
Wang 2017 181 421 1347 3191 23.0%
Subtotal (95% Cl) 2910 12867 100.0%
Total events 1178 5527

Heterogeneity: Tau*=0.01, Chi*=3.88, df=2 (P=0.14), F= 48%
Test for overall effect: Z=0.73 (P = 0.46)

PCOS & Non-PCOS

Insogna 2017 51 165 92 288 30.2%
Rittenherg 2011 19 36 40 52 10.0%
Zhang 2018 2708 6292 6170 13224 58.8%
Subtotal (95% CI) 6493 13564 100.0%
Total events 2779 6302

Heterogeneity: Tau®*= 0.04, Chi*=4.29, df=2 (P=0.12); F=53%
Test for overall effect: Z=1.30(P=0.19)

Not Specified

Ozgur 2018 220 409 160 299 56.4%
Prost 2020 43 252 288 1415 436%
Subtotal (95% CI) 661 1714 100.0%
Total events 268 448

Heterogeneity: Tau®*= 0.00; Chi*=0.16, df=1 (P = 0.68), F=0%
Test for overall effect: Z=0.26 (P = 0.80)

cycles included in the study

Testfor subaroun differences: Chi*= 4.62. df=3 (P=0.20). F=35.1%
Fig. 5 Subgroup analysis according to ovarian status. Events'relates to FET cycles leading to live birth, and ‘Total' relates to the total number of FET
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High-BMI Normal Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% ClI M.-H, Random, 95% CI
Cleavage & Blastocyst Stage
Chen 2018 66 138 158 260 31% 0.59[0.39, 0.90] |
Jin2018 459 1279 1316 3446 16.9% 0.91[0.79,1.04] b
Lin 2019 326 708 488 972 10.7% 0.85(0.70,1.03] )
Qiu 2019 364 823 797 1614 12.9% 0.81 [0.69, 0.96) et
Tang 2021 528 1210 2864 6230 18.1% 0.91 [0.80,1.03] -
Wang 2017 191 421 1347 3191 10.0% 1.14(0.83,1.39) ™
Zhang 2019 2708 6292 6170 13224 28.4% 0.86 [0.81,0.92) u
Subtotal (95% CI) 10871 28937 100.0% 0.88[0.82, 0.95] '
Total events 4643 13140
Heterogeneity: Tau®= 0.00; Chi*=11.31, df=6 (P=0.08); F= 47%
Test for overall effect: Z= 3.15 (P = 0.002)
Blastocyst Stage
Insogna 2017 51 165 92 288 25.4% 0.895(0.63,1.44)
Ozgur 2019 220 408 160 289 35.6% 1.01[0.75, 1.36)
Prost 2020 48 252 288 1415 31.5% 0.92[0.66, 1.29]
Rittenberg 2011 19 36 40 52  7.5% 0.34[0.13,0.84) — =
Subtotal (95% ClI) 862 2054 100.0% 0.89[0.68, 1.16]
Total events 338 580
Heterogeneity: Tau®=0.03; Chi*=5.05,df=3{P=017), F=41%
Test for overall effect: Z= 0.85 (P = 0.40)
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Test for subaroun differences: Chi*= 0.00. df=1 (P = 0.96). F=0% Fliah-Eetl Tome
Fig. 6 Subgroup analysis according to embryo stage. ‘Events'relates to FET cycles leading to live birth, and ‘Total relates to the total number of FET
cycles included in the study

implantation rate across five studies including 61,345
embryo transferred (Fig. 8, OR: 0.95, 95% CI: 0.87-1.02,
P=0.17,12=58%).

Association between LBR and low BMI

In addition, we conducted a meta-analysis to evalu-
ate the effect of underweight (BMI< 18.5 kg/m?) on live
birth. There was no difference in LBR between under-
weight women compared with women with a normal

weight (Fig. 9, OR: 0.94, 95% CI: 0.85-1.04, P=0.24,
>=39%).

Quality assessment

Risk of bias

We employed the Newcastle—Ottawa scale for qual-
ity assessment of the studies that included in the meta-
analysis, and the scoring system is provided in Table 2.
Overall, the quality assessment of these studies showed a

High-BMI Normal

Study or Subgroup _ Events  Total Events Total
Chen 2018 91 138 186 260 3.7%
Insogna 2017 84 165 110 288 46%
Lin 2019 403 708 576 972 125%
Prost 2020 55 252 312 1415 6.2%
Qiu 2019 467 823 962 1614 14.6%
Tang 2021 621 1210 3355 6230 19.3%
Rittenberg 2011 28 36 47 52 0.5%
Wang 2017 224 421 1618 3191 11.9%
Zhang 2019 3263 6292 7106 13224 26.6%
Total (95% Cl) 10045 27246 100.0%
Total events 5236 14273
Heterogeneity: Tau®= 0.01; Chi*=15.19, df= 8 (P = 0.06), F= 47%
Test for overall effect. Z=1.05 (P=0.29)

of FET cycles included in the study

Odds Ratio Odds Ratio

M-H. Random, 95% ClI

0.77 [0.49,1.20)
1.68[1.14, 2.47)
0.91(0.75,1.11)
0.99(0.71,1.37)
0.89 [0.75, 1.05)
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Fig. 7 Effect of high BMI on clinical pregnancy rate.'Events’relates to FET cycles leading to clinical pregnancy, and ‘Total'relates to the total number
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High-BMI Normal

Study or Subgroup __Events _ Total Events

Chen 2018 124 260 290 497  6.1%
Lin 2019 530 1323 751 1828 17.5%
Tang 2021 778 2193 4263 11440 25.3%
Wang 2017 297 792 2125 6003 16.3%
Zhang 2019 4328 11933 9387 25076 34.8%
Total (95% Cl) 16501 44844 100.0%
Total events 6057 16826

Heterogeneity: Tau®= 0.00; Chi*= 9.63, df= 4 (P = 0.05); F= 58%
Test for overall effect: Z=1.36 (P=0.17)
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Fig. 8 Effect of high BMI on implantation rate. Events'relates to FET leading to implantation, and ‘Total' relates to the total number of embryos

low risk of bias. Among the nine applicable stars assess-
ing the participants selection, comparability and out-
comes, the eligible studies received six to nine stars. And
funnel plot analysis showed no obvious publication bias
(Fig. 10).

Sensitivity analyses

We used a fixed effects model and did not modify the
overall result (0.88, 0.84—0.86) (data not shown). Sensitiv-
ity analyses was conducted by excluding eligible studies
one at a time, and one study was revealed to be an outlier
[31]. The results were not influenced when the data from
Wang et al. was excluded. OR (95% CI) for a live birth fol-
lowing FET was 0.86 (0.81-0.92) in women with a high
BMI when compared to women with a normal weight,
with a pretty low heterogeneity (Fig. 11).

Discussion

In our review, data from 12 studies demonstrates that
high BMI didn’t impact early pregnancy proxy such
as implantation rate and clinical pregnancy rate but
associated with decreased LBR following FET. Addi-
tionally, women with a low BMI didn’t show the same

effect. Thus, our study mainly confirmed that women
with high BMI had impaired outcomes in FET cycles.
This result has to be interpreted carefully however,
especially because one included study provided almost
half of the data, which may skew the results. FET are
believed to enable maternal embryos to enter a more
physiological condition than fresh embryos [34, 35].
Our research compensated the earlier vacancy, found
that even in FET cycles the adverse effect can not be
reversed.

Considering the complexity of reproductive process,
which components are affected most by a high BMI are
largely unknown. Since our study was based on frozen
cycles, and all cycles had at least one selected embryo
transferred, the hypothesis that a high BMI may affect
LBR by damaging oocyte maturation and reducing the
number of retrieved oocytes was not applicable. How-
ever, a high BMI is still believed to influence oocyte
metabolism and quality by altering composition of the
follicular fluid [1, 36, 37] and damaging mitochondrial
function in the oocyte [38], thus lead to increased risk
of embryo aneuploidy and poor quality embryos [39,
40]. In addition, data from diet-induced obesity mouse

Low-BMI Normal Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Insogna 2017 3 8 92 288  0.5% 1.28 [0.30, 5.46)
Jin 2018 182 436 1316 3446 16.0% 1.16[0.95,1.42) *
Oliva 2020 122 314 1972 4420 131% 0.79[0.62,1.00) B
Ozgur 2018 17 29 160 289 1.6% 1.23(0.57,2.67) I
Qiu 2019 75 150 797 1614  76% 1.03[0.73,1.43) 1T
Tang 2021 553 1315 2864 6230 27.4% 0.85(0.76, 0.96) -
Zhang 2018 1149 2527 6170 13224 33.9% 0.95(0.88,1.04) L
Total (95% ClI) 4779 29521 100.0% 0.94 [0.85, 1.04] L
Total events 2101 13371
Heterogeneity: Tau®= 0.01; Chi*= 9.76, df = 6 (P = 0.13); F= 39% ; t t {
0.01 0.1 1 10 100
Test for overall effect: Z=1.18 (P = 0.24) Low-BMI Normal
Fig.9 Live birth rate following FET in Low BMI and normal weight women. A low BMI was considered BMI< 18.5 kg/m?, and a normal weight was
considered BMI 18.5-22.9 kg/m?
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Table 2 The Newcastle-Ottawa Scale(NOS) scores of the studies included in the meta-analysis
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Selection

Comparability

Outcome

Scores

Study Representativeness of Selection Ascertainment of Demonstration Control for Assessment of Was Adequacy
the exposed cohort of the non- exposure that outcome of important outcome follow-up of follow-up
exposed interest was not factors ? long of cohorts
cohort present at start of enough for
study outcomes
to occur
Chen - * - * * * * * 6
etal. [22]
Insogna % * * * * % * * * 9
etal.[23]
Jinetal. - * * * - * * * 6
[24]
Linetal. - * * * * Kk * * * 8
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Oliva * * * * - * * * 7
etal. [33]
Ozgur * * - * * * * * 7
etal. [26]
Prost * * * * * Kk * * * 9
etal.[27]
Qivetal. - * * * * * * * 7
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Tang * * * * * * * * 8
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Fig. 10 Funnel plot analysis for assessing publication bias
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High-BMI Normal Odds Ratio Odds Ratio
Study or Subgroup _ Events  Total Events Total Weight M-H, Random, 95% ClI M-H., Random, 95% ClI
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Insogna 2017 51 165 92 288 1.8% 0.95(0.63,1.44] -
Jin 2019 459 1279 1316 3446 14.6% 0.91[0.79,1.04) -
Lin 2019 326 708 488 972 7.7% 0.85(0.70,1.03) -1
Ozgur 2019 220 408 160 298  3.4% 1.01 [0.75,1.36] -
Prost 2020 43 252 288 1415 2.7% 0.92[0.66, 1.29] i
Qiu 2019 364 823 797 1614 9.8% 0.81 [0.69, 0.96) ot
Rittenherg 2011 19 36 40 52  04% 0.34[0.13,0.84)
Tang 2021 528 1210 2864 6230 16.4% 0.91 [(0.80,1.03) -
Wang 2017 191 421 1347 3191 0.0% 1.14(0.93,1.39)
Zhang 2019 2708 6292 6170 13224 41.4% 0.86(0.81,0.92) L
Total (95% Cl) 11312 27800 100.0% 0.87 [0.82, 0.92] '
Total events 4790 12373
Heterogeneity: Tau®= 0.00; Chi*= 10.29, df= 9 (P = 0.33); F=1 b t t {
Totior vl ofoet 7 4.84 P < 00.025631) PR aIEETE 0.01 01 1 10 100
Favours [experimental] Favours [control]
Fig. 11 Effect of high BMI on the live birth rate when excluded the outlier study.‘Events'relates to FET cycles leading to live birth, and ‘Total' relates
to the total number of FET cycles included in the study

models showed that a high BMI impaired following
reproductive processes such as embryonic development
[37, 41, 42] and the preimplantation stage [43]. Whereas
evidence from donor oocyte cycles found no associa-
tion between recipient with a high BMI (BMI> 25 kg/
m?) and IVF outcomes [44], which suggested that oocyte
quality rather than others is the overriding factor influ-
encing IVF outcomes in obese women using autologous
oocytes. Our results considering about the implanta-
tion rate and clinical pregnancy rate tended to support
the assumption that high BMI didn’t impact the preim-
plantation stage or early embryonic development. Alter-
natively, FET treatment could rescue the effects of high
BMI in this period.

PCOS, a series of metabolic disorders, is associated
with subfertility [45-48]. It's been reported however,
patients with PCOS undergone FET could have prom-
ising pregnancy outcomes rather than fresh embryo
transfers [49]. Due to limitations in our study design,
we couldn’t investigate when PCOS complicated by high
BMI, whether FET can modify the overall effect com-
pared with fresh cycles. Yet our results confirm that
PCOS patients are more sensitive to the effect of high
BMI thus have a poorer FET outcome than non-PCOS
patients, which implied that women with PCOS might
require a stricter weight management than those without
PCOS.

Following our established research strategy, we didn’t
find studies reported only cleavage-stage embryo trans-
fers with documented BMI, but four studies included
blastocyst transfers. Although this result is based on
only 2916 cycles, women with a high and BMI blas-
tocyst-stage embryo transfer had a higher LBR than

those regardless of embryo stage, which supports the
preceding research result [50]. Despite there would be
loss in the process of blastocyst culture, the financial
and emotional burdens of failure could be more intol-
erable. Therefore, it might be better for women with a
high BMI to get blastocyst transfer rather than cleavage
embryo transfer.

Earlier theory showed a U-shaped association between
a high or low BMI and pregnancy outcomes after IVF [12,
51]. In our study, we failed to show that a low BMI could
cause disparities in LBR. This is in accordance with some
studies that women with a low BMI have similar IVF and
pregnancy outcomes to those with a normal BMI [7, 13,
23, 52, 53]. Combined with the interpretation of high
BMI, our results provide reassurance to underweight
patients undergoing FET, which would give a better guide
to optimize preconception weight.

Our study has some limitations. First, we identi-
fied high BMI as BMI>23 kg/m? rather than using
the definition of overweight/obesity according to the
WHO standardized classification of BMI. The noted
mean value of normal weight group ranged from 20.67—
21.82 kg/m?, which means that these participants are
basically satisfied our criteria. However, it still presents
relatively heterogeneity in terms of BMI definitions.
Second, as LBR was the main outcome, we evaluated
the implantation rate and clinical pregnancy rate, but
failed to assess additional outcomes. However, as LBR
is the gold standard reproductive outcome, one result
was mainly concerning that homogeneity can be guar-
anteed. Third, even if we sought to control for the qual-
ity of the included studies carefully, some confounding
parameters such as ovarian stimulation protocols,
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endometrium preparation, and embryo quality, might
still have unintentionally introduced bias into our study
results. Our meta-analysis has several strengths. To our
knowledge, no prior meta-analysis performed a separate
assessment of the relationship between abnormal BMI
and FET outcomes. Our results are helpful to provide
individualized weight management advice for women
undergoing FET, and shed new light on the effect of
underweight on live birth.

Conclusions

In conclusion, our meta-analysis demonstrates that high
BMI in women is negatively associated with LBR even in
FET cycles, whereas low BMI isn’'t. Complication with
PCOS may induce patients to be more vulnerable to the
detriment impact of high BMI, and it might be a better
idea for women with a high BMI to receive blastocyst
transfer. This information might be helpful for women
and their providers to individualize weight manage-
ment and treatment, however, nutritional and exercise
guidelines for optimizing preconception health are still
encouraged to be further discussed.
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