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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/m2) was associated with an 
impaired live birth rate (LBR, OR: 0.89, 95% CI: 0.82–0.96, P = 0.002), 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% CI: 0.85–1.08, P = 0.46) and women with blastocyst transferred (OR: 0.89, 95% CI: 
0.68–1.16, P = 0.40). LBR did not differ between the low BMI group (BMI < 18.5 kg/m2) 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, 
including dysregulation of the hypothalamic-pituitary-
ovarian axis, ovulation disorders, impaired preimplan-
tation embryo, and higher risk of miscarriage, stillbirth, 
and preeclampsia [4]. As in patients who undergo 
assisted reproduction technology(ART), elevated BMI 
may lead to higher doses of gonadotropins, higher risks 
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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/
m2) women compared with women with a normal 
weight (BMI 18.5–24.9  kg/m2) [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 

“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/m2 [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 ± 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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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 
I2 statistic was used to assess the impact of heterogene-
ity across the studies, I2 ≥ 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 P < 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 
FET 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 

Fig. 1  The flow chart of study selection for the systematic review
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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/m2, and a normal weight was considered BMI 18.5–22.9 kg/m2

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/m2, ≥ 18.5 BMI < 24.9  kg/m2, ≥ 25  kg/m2, 
and BMI ≥ 30 kg/m2) [23, 25–31, 33]; one study used the 
Asian BMI classification [32], namely, normal weight was 
18.5–22.9 kg/m2 [18], and two studies stratified patients 
according to the Chinese standard [22, 24], and defined 
normal weight as 18.5–24  kg/m2. 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/m2 ≤ BMI ≤ 22.9 kg/m2 
for normal BMI and pooled all of the predefined over-
weight and obese patients in which BMI sets were more 
than 23  kg/m2 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 

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/m2, 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/
m2) has significantly adverse effect on live birth (OR: 0.89, 
95% CI: 0.82–0.96, P = 0.002, I2 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/m2 
(OR: 0.91, 95% CI: 0.82–1.02, P = 0.10, I2 = 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 

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 
cycles included in the study
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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, I2 = 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, I2 = 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, I2 = 48%), and three 
eligible studies showed a mediation effect (OR: 0.81, 95% 
CI: 0.59–1.11, P = 0.19, I2 = 53%). It seemed that women 

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, I2 = 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, 
I2 = 47%). Furthermore, there was no difference in the 

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 
cycles included in the study
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implantation rate across five studies including 61,345 
embryo transferred (Fig. 8, OR: 0.95, 95% CI: 0.87–1.02, 
P = 0.17, I2 = 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/m2) 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, 
I2 = 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 

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

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 
of FET cycles included in the study
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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 

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 
transferred included in the study

Fig. 9  Live birth rate following FET in Low BMI and normal weight women. A low BMI was considered BMI < 18.5 kg/m2, and a normal weight was 
considered BMI 18.5–22.9 kg/m2
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Table 2  The Newcastle–Ottawa Scale(NOS) scores of the studies included in the meta-analysis

a  A maximum of 2 stars can be allotted in this category, one for age, the other for other controlled factors

Selection Comparability Outcome

Study Representativeness of 
the exposed cohort

Selection 
of the non-
exposed 
cohort

Ascertainment of 
exposure

Demonstration 
that outcome of 
interest was not 
present at start of 
study

Control for 
important 
factors a

Assessment of 
outcome

Was 
follow-up 
long 
enough for 
outcomes 
to occur

Adequacy 
of follow-up 
of cohorts

Scores

Chen 
et al. [22]

- ★ - ★ ★ ★ ★ ★ 6

Insogna 
et al. [23]

★ ★ ★ ★ ★★ ★ ★ ★ 9

Jin et al. 
[24]

- ★ ★ ★ - ★ ★ ★ 6

Lin et al. 
[25]

- ★ ★ ★ ★★ ★ ★ ★ 8

Oliva 
et al. [33]

★ ★ ★ ★ - ★ ★ ★ 7

Ozgur 
et al. [26]

★ ★ - ★ ★ ★ ★ ★ 7

Prost 
et al. [27]

★ ★ ★ ★ ★★ ★ ★ ★ 9

Qiu et al. 
[28]

- ★ ★ ★ ★ ★ ★ ★ 7

Tang 
et al. [29]

★ ★ ★ ★ ★ ★ ★ ★ 8

Ritten-
berg et al. 
[30]

★ ★ ★ ★ ★ ★ ★ ★ 8

Wang 
et al. [31]

★ ★ ★ ★ ★ ★ ★ ★ 8

Zhang 
et al. [32]

★ ★ ★ ★ ★★ ★ ★ ★ 9

Fig. 10  Funnel plot analysis for assessing publication bias



Page 15 of 17Yang et al. Reprod Biol Endocrinol          (2021) 19:140 	

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/
m2) 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/m2 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/m2, 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, 

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
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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.

Abbreviations
OR: Odds ratio; CI: Confidence interval; BMI: Body mass index; ART​: Assisted 
reproductive technology; IVF: In vitro fertilization; FET: Frozen embryo 
transfer; LBR: Live birth rate; NIH: National Institute of Health; WHO: World 
Health Organization; NOS: Newcastle–Ottawa Scale; PCOS: Polycystic ovary 
syndrome; PRISMA: Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis.

Acknowledgements
There was no acknowledgement.

Authors’ contributions
JQY: study design, data collection and analysis, drafting of the manuscript. 
YCH: data collection and analysis and co-drafting and revision of the manu-
script. YQW: data analysis and co-drafting and revision of the manuscript. DZ 
and HHF: supervision, data collection and analysis, writing and revision of the 
manuscript, and validation of the final version of the manuscript. All authors 
approved the final version of the manuscript.

Funding
This study was financed by the National Key Research and Development 
Program of China(2018YFC1004402) and the Fundamental Research Funds for 
the Central Universities(2021FZZX002-10).

Availability of data and materials
All data are available in this paper.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors have no competing interests to declare.

Received: 7 June 2021   Accepted: 26 July 2021

References
	1.	 Jungheim ES, Moley KH. Current knowledge of obesity’s effects in the 

pre- and periconceptional periods and avenues for future research. 
Am J Obstet Gynecol. 2010;203:525–30. https://​doi.​org/​10.​1016/j.​ajog.​
2010.​06.​043.

	2.	 Li C, Liu Y, Zhang W. Joint and Independent Associations of Gestational 
Weight Gain and Pre-Pregnancy Body Mass Index with Outcomes of 
Pregnancy in Chinese Women: A Retrospective Cohort Study. PLoS 
One. 2015;10: e0136850. https://​doi.​org/​10.​1371/​journ​al.​pone.​01368​
50.

	3.	 Catalano PM, Shankar K. Obesity and pregnancy: mechanisms of short 
term and long term adverse consequences for mother and child. BMJ. 
2017;356: j1. https://​doi.​org/​10.​1136/​bmj.​j1.

	4.	 Broughton DE, Moley KH. Obesity and female infertility: potential 
mediators of obesity’s impact. Fertil Steril. 2017;107:840–7. https://​doi.​
org/​10.​1016/j.​fertn​stert.​2017.​01.​017.

	5.	 Maheshwari A, Stofberg L, Bhattacharya S. Effect of overweight and 
obesity on assisted reproductive technology-a systematic review. Hum 
Reprod Update. 2007;13:433–44. https://​doi.​org/​10.​1093/​humupd/​
dmm017.

	6.	 Rittenberg V, Seshadri S, Sunkara SK, Sobaleva S, Oteng-Ntim E, El-
Toukhy T. Effect of body mass index on IVF treatment outcome: an 
updated systematic review and meta-analysis. Reprod Biomed Online. 
2011;23:421–39. https://​doi.​org/​10.​1016/j.​rbmo.​2011.​06.​018.

	7.	 Cai J, Liu L, Zhang J, Qiu H, Jiang X, Li P, et al. Low body mass index 
compromises live birth rate in fresh transfer in vitro fertilization 
cycles: a retrospective study in a Chinese population. Fertil Steril. 
2017;107:422-429.e2. https://​doi.​org/​10.​1016/j.​fertn​stert.​2016.​10.​029.

	8.	 Kudesia R, Wu H, Hunter Cohn K, Tan L, Lee JA, Copperman AB, et al. 
The effect of female body mass index on in vitro fertilization cycle out-
comes: a multi-center analysis. J Assist Reprod Genet. 2018;35:2013–23. 
https://​doi.​org/​10.​1007/​s10815-​018-​1290-6.

	9.	 Qu P, Liu F, Zhao D, Wang Y, Wang M, Wang L, et al. A propensity-
matched study of the association between pre-pregnancy mater-
nal underweight and perinatal outcomes of singletons conceived 
through assisted reproductive technology. Reprod Biomed Online. 
2019;39:674–84. https://​doi.​org/​10.​1016/j.​rbmo.​2019.​06.​007.

	10.	 Boutari C, Pappas PD, Mintziori G, Nigdelis MP, Athanasiadis L, Goulis 
DG, et al. The effect of underweight on female and male reproduction. 
Metabolism. 2020;107: 154229. https://​doi.​org/​10.​1016/j.​metab​ol.​2020.​
154229.

	11.	 Goldman KN, Hodes-Wertz B, McCulloh DH, Flom JD, Grifo JA. Associa-
tion of body mass index with embryonic aneuploidy. Fertil Steril. 
2015;103:744–8. https://​doi.​org/​10.​1016/j.​fertn​stert.​2014.​11.​029.

	12.	 Pinborg A, Gaarslev C, Hougaard CO, Nyboe Andersen A, Andersen 
PK, Boivin J, et al. Influence of female bodyweight on IVF outcome: a 
longitudinal multicentre cohort study of 487 infertile couples. Reprod 
Biomed Online. 2011;23:490–9. https://​doi.​org/​10.​1016/j.​rbmo.​2011.​06.​
010.

	13.	 Singh N, Gupta P, Mittal S, Malhotra N. Correlation of body mass 
index with outcome of in vitro fertilization in a developing country. 
Arch Gynecol Obstet. 2012;285:259–63. https://​doi.​org/​10.​1007/​
s00404-​011-​2013-8.

	14.	 Maheshwari A, Pandey S, Amalraj Raja E, Shetty A, Hamilton M, Bhat-
tacharya S. Is frozen embryo transfer better for mothers and babies? 
Can cumulative meta-analysis provide a definitive answer? Hum Reprod 
Update. 2018;24:35–58. https://​doi.​org/​10.​1093/​humupd/​dmx031.

	15.	 Evans J, Hannan NJ, Edgell TA, Vollenhoven BJ, Lutjen PJ, Osianlis T, et al. 
Fresh versus frozen embryo transfer: backing clinical decisions with scien-
tific and clinical evidence. Hum Reprod Update. 2014;20:808–21. https://​
doi.​org/​10.​1093/​humupd/​dmu027.

	16.	 Sermondade N, Huberlant S, Bourhis-Lefebvre V, Arbo E, Gallot V, 
Colombani M, et al. Female obesity is negatively associated with live birth 
rate following IVF: a systematic review and meta-analysis. Hum Reprod 
Update. 2019;25:439–51. https://​doi.​org/​10.​1093/​humupd/​dmz011.

https://doi.org/10.1016/j.ajog.2010.06.043
https://doi.org/10.1016/j.ajog.2010.06.043
https://doi.org/10.1371/journal.pone.0136850
https://doi.org/10.1371/journal.pone.0136850
https://doi.org/10.1136/bmj.j1
https://doi.org/10.1016/j.fertnstert.2017.01.017
https://doi.org/10.1016/j.fertnstert.2017.01.017
https://doi.org/10.1093/humupd/dmm017
https://doi.org/10.1093/humupd/dmm017
https://doi.org/10.1016/j.rbmo.2011.06.018
https://doi.org/10.1016/j.fertnstert.2016.10.029
https://doi.org/10.1007/s10815-018-1290-6
https://doi.org/10.1016/j.rbmo.2019.06.007
https://doi.org/10.1016/j.metabol.2020.154229
https://doi.org/10.1016/j.metabol.2020.154229
https://doi.org/10.1016/j.fertnstert.2014.11.029
https://doi.org/10.1016/j.rbmo.2011.06.010
https://doi.org/10.1016/j.rbmo.2011.06.010
https://doi.org/10.1007/s00404-011-2013-8
https://doi.org/10.1007/s00404-011-2013-8
https://doi.org/10.1093/humupd/dmx031
https://doi.org/10.1093/humupd/dmu027
https://doi.org/10.1093/humupd/dmu027
https://doi.org/10.1093/humupd/dmz011


Page 17 of 17Yang et al. Reprod Biol Endocrinol          (2021) 19:140 	

	17.	 Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 
2009;6: e1000097. https://​doi.​org/​10.​1371/​journ​al.​pmed.​10000​97.

	18.	 Obesity: preventing and managing the global epidemic. Report of a 
WHO consultation. World Health Organ Tech Rep Ser. 2000;894:i-xii, 
1–253. PMID: 11234459.

	19.	 WHO Expert Consultation. Appropriate body-mass index for Asian 
populations and its implications for policy and intervention strate-
gies. Lancet. 2004;363:157–63. https://​doi.​org/​10.​1016/​S0140-​6736(03)​
15268-3.

	20.	 Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assess-
ment of the quality of nonrandomized studies in meta-analyses. Eur J 
Epidemiol. 2010;25:603–5. https://​doi.​org/​10.​1007/​s10654-​010-​9491-z.

	21.	 Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency 
in meta-analyses. BMJ. 2003;327:557–60. https://​doi.​org/​10.​1136/​bmj.​327.​
7414.​557.

	22.	 Chen R, Chen S, Liu M, He H, Xu H, Liu H, et al. Pregnancy outcomes of 
PCOS overweight/obese patients after controlled ovarian stimulation 
with the GnRH antagonist protocol and frozen embryo transfer. Reprod 
Biol Endocrinol. 2018;16:36. https://​doi.​org/​10.​1186/​s12958-​018-​0352-z.

	23.	 Insogna IG, Lee MS, Reimers RM, Toth TL. Neutral effect of body mass index 
on implantation rate after frozen-thawed blastocyst transfer. Fertil Steril. 
2017;108:770-776.e1. https://​doi.​org/​10.​1016/j.​fertn​stert.​2017.​08.​024.

	24.	 Jin H, Liu A, Song W, Li G, Dai S, Sun Y. Effect of body mass index on clini-
cal outcomes of the first fresh and frozen-thawed embryo transfer cycle. 
Chin J Reprod Contracept. 2019;39:357–64 (ISSN: 2096–2916).

	25.	 Lin J, Huang J, Wang N, Kuang Y, Cai R. Effects of pre-pregnancy body 
mass index on pregnancy and perinatal outcomes in women with 
PCOS undergoing frozen embryo transfer. BMC Pregnancy Childbirth. 
2019;19:487. https://​doi.​org/​10.​1186/​s12884-​019-​2611-1.

	26.	 Ozgur K, Bulut H, Berkkanoglu M, Humaidan P, Coetzee K. Increased body 
mass index associated with increased preterm delivery in frozen embryo 
transfers. J Obstet Gynaecol. 2019;39:377–83. https://​doi.​org/​10.​1080/​
01443​615.​2018.​15238​83.

	27.	 Prost E, Reignier A, Leperlier F, Caillet P, Barrière P, Fréour T, et al. Female obe-
sity does not impact live birth rate after frozen-thawed blastocyst transfer. 
Hum Reprod. 2020;35:859–65. https://​doi.​org/​10.​1093/​humrep/​deaa0​10.

	28.	 Qiu M, Tao Y, Kuang Y, Wang Y. Effect of body mass index on pregnancy 
outcomes with the freeze-all strategy in women with polycystic ovarian 
syndrome. Fertil Steril. 2019;112:1172–9. https://​doi.​org/​10.​1016/j.​fertn​
stert.​2019.​08.​009.

	29.	 Tang S, Huang J, Lin J, Kuang Y. Adverse effects of pre-pregnancy maternal 
underweight on pregnancy and perinatal outcomes in a freeze-all 
policy. BMC Pregnancy Childbirth. 2021;21:32. https://​doi.​org/​10.​1186/​
s12884-​020-​03509-3.

	30.	 Rittenberg V, Sobaleva S, Ahmad A, Oteng-Ntim E, Bolton V, Khalaf Y, 
et al. Influence of BMI on risk of miscarriage after single blastocyst trans-
fer. Hum Reprod. 2011;26:2642–50. https://​doi.​org/​10.​1093/​humrep/​
der254.

	31.	 Wang L, Yin M, Liu Y, Chen Q, Wang Y, Ai A, et al. Effect of Frozen Embryo 
Transfer and Progestin-primed Ovary Stimulation on IVF outcomes in 
women with high body mass index. Sci Rep. 2017;7:7447. https://​doi.​org/​
10.​1038/​s41598-​017-​07773-w.

	32.	 Zhang J, Liu H, Mao X, Chen Q, Fan Y, Xiao Y, et al. Effect of body mass 
index on pregnancy outcomes in a freeze-all policy: An analysis of 22,043 
first autologous frozen-thawed embryo transfer cycles in China. BMC 
Med. 2019;17:114. https://​doi.​org/​10.​1186/​s12916-​019-​1354-1.

	33.	 Oliva M, Nazem TG, Lee JA, Copperman AB. Evaluating in vitro fertilization 
outcomes of patients with low body mass index following frozen-thawed 
embryo transfer. Int J Gynaecol Obstet. 2020; Online ahead of print. 
https://​doi.​org/​10.​1002/​ijgo.​13570.

	34.	 Shapiro BS, Daneshmand ST, Garner FC, Aguirre M, Hudson C, Thomas S. 
Evidence of impaired endometrial receptivity after ovarian stimulation 
for in vitro fertilization: a prospective randomized trial comparing fresh 
and frozen-thawed embryo transfer in normal responders. Fertil Steril. 
2011;96:344–8. https://​doi.​org/​10.​1016/j.​fertn​stert.​2011.​05.​050.

	35.	 Shapiro BS, Daneshmand ST, Garner FC, Aguirre M, Hudson C, Thomas S. 
Evidence of impaired endometrial receptivity after ovarian stimulation 
for in vitro fertilization: a prospective randomized trial comparing fresh 
and frozen-thawed embryo transfers in high responders. Fertil Steril. 
2011;96:516–8. https://​doi.​org/​10.​1016/j.​fertn​stert.​2011.​02.​059.

	36.	 Sutton-McDowall ML, Gilchrist RB, Thompson JG. The pivotal role of 
glucose metabolism in determining oocyte developmental competence. 
Reproduction. 2010;139:685–95. https://​doi.​org/​10.​1530/​REP-​09-​0345.

	37.	 Robker RL, Akison LK, Bennett BD, Thrupp PN, Chura LR, Russell DL, et al. 
Obese women exhibit differences in ovarian metabolites, hormones, and 
gene expression compared with moderate-weight women. J Clin Endo-
crinol Metab. 2009;94:1533–40. https://​doi.​org/​10.​1210/​jc.​2008-​2648.

	38.	 Luzzo KM, Wang Q, Purcell SH, Chi M, Jimenez PT, Grindler N, et al. High 
fat diet induced developmental defects in the mouse: oocyte meiotic 
aneuploidy and fetal growth retardation/brain defects. PLoS ONE. 2012;7: 
e49217. https://​doi.​org/​10.​1371/​journ​al.​pone.​00492​17.

	39.	 Valckx SD, De Pauw I, De Neubourg D, Inion I, Berth M, Fransen E, et al. 
BMI-related metabolic composition of the follicular fluid of women 
undergoing assisted reproductive treatment and the consequences for 
oocyte and embryo quality. Hum Reprod. 2012;27:3531–9. https://​doi.​
org/​10.​1093/​humrep/​des350.

	40.	 Metwally M, Cutting R, Tipton A, Skull J, Ledger WL, Li TC. Effect of increased 
body mass index on oocyte and embryo quality in IVF patients. Reprod Biomed 
Online. 2007;15:532–8. https://​doi.​org/​10.​1016/​s1472-​6483(10)​60385-9.

	41.	 Jungheim ES, Schoeller EL, Marquard KL, Louden ED, Schaffer JE, Moley 
KH. Diet-induced obesity model: abnormal oocytes and persistent 
growth abnormalities in the offspring. Endocrinology. 2010;151:4039–46. 
https://​doi.​org/​10.​1210/​en.​2010-​0098.

	42.	 Broughton DE, Jungheim ES. A focused look at obesity and the preim-
plantation trophoblast. Semin Reprod Med. 2016;34:5–10. https://​doi.​org/​
10.​1055/s-​0035-​15700​32.

	43.	 Rhee JS, Saben JL, Mayer AL, Schulte MB, Asghar Z, Stephens C, et al. 
Diet-induced obesity impairs endometrial stromal cell decidualization: 
a potential role for impaired autophagy. Hum Reprod. 2016;31:1315–26. 
https://​doi.​org/​10.​1093/​humrep/​dew048.

	44.	 Jungheim ES, Schon SB, Schulte MB, DeUgarte DA, Fowler SA, Tuuli MG. 
IVF outcomes in obese donor oocyte recipients: a systematic review and 
meta-analysis. Hum Reprod. 2013;28:2720–7. https://​doi.​org/​10.​1093/​
humrep/​det292.

	45.	 Moran LJ, Norman RJ, Teede HJ. Metabolic risk in PCOS: phenotype and 
adiposity impact. Trends Endocrinol Metab. 2015;26:136–43. https://​doi.​
org/​10.​1016/j.​tem.​2014.​12.​003.

	46.	 Kjerulff LE, Sanchez-Ramos L, Duffy D. Pregnancy outcomes in women 
with polycystic ovary syndrome: a metanalysis. Am J Obstet Gynecol. 
2011;204(558):e1-6. https://​doi.​org/​10.​1016/j.​ajog.​2011.​03.​021.

	47.	 Cooney LG, Dokras A. Beyond fertility: polycystic ovary syndrome and 
long-term health. Fertil Steril. 2018;110:794–809. https://​doi.​org/​10.​
1016/j.​fertn​stert.​2018.​08.​021.

	48.	 Qin JZ, Pang LH, Li MJ, Fan XJ, Huang RD, Chen HY. Obstetric complica-
tions in women with polycystic ovary syndrome: a systematic review and 
meta-analysis. Reprod Biol Endocrinol. 2013;11:56. https://​doi.​org/​10.​
1186/​1477-​7827-​11-​56.

	49.	 Chen ZJ, Shi Y, Sun Y, Zhang B, Liang X, Cao Y, et al. Fresh versus frozen 
embryos for infertility in the polycystic ovary syndrome. N Engl J Med. 
2016;375:523–33. https://​doi.​org/​10.​1056/​NEJMo​a1513​873.

	50.	 Glujovsky D, Farquhar C, Quinteiro Retamar AM, Alvarez Sedo CR, Blake 
D. Cleavage stage versus blastocyst stage embryo transfer in assisted 
reproductive technology. Cochrane Database Syst Rev. 2016:CD002118. 
https://​doi.​org/​10.​1002/​14651​858.​CD002​118.​pub5.

	51.	 Kawwass JF, Kulkarni AD, Hipp HS, Crawford S, Kissin DM, Jamieson DJ. 
Extremities of body mass index and their association with pregnancy out-
comes in women undergoing in vitro fertilization in the United States. Fertil 
Steril. 2016;106:1742–50. https://​doi.​org/​10.​1016/j.​fertn​stert.​2016.​08.​028.

	52.	 Li Y, Yang D, Zhang Q. Impact of overweight and underweight on IVF 
treatment in Chinese women. Gynecol Endocrinol. 2010;26:416–22. 
https://​doi.​org/​10.​3109/​09513​59100​36321​18.

	53.	 Provost MP, Acharya KS, Acharya CR, Yeh JS, Steward RG, Eaton JL, 
et al. Pregnancy outcomes decline with increasing body mass index: 
analysis of 239,127 fresh autologous in vitro fertilization cycles from the 
2008–2010 Society for Assisted Reproductive Technology registry. Fertil 
Steril. 2016;105:663–9. https://​doi.​org/​10.​1016/j.​fertn​stert.​2015.​11.​008.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1016/S0140-6736(03)15268-3
https://doi.org/10.1016/S0140-6736(03)15268-3
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1186/s12958-018-0352-z
https://doi.org/10.1016/j.fertnstert.2017.08.024
https://doi.org/10.1186/s12884-019-2611-1
https://doi.org/10.1080/01443615.2018.1523883
https://doi.org/10.1080/01443615.2018.1523883
https://doi.org/10.1093/humrep/deaa010
https://doi.org/10.1016/j.fertnstert.2019.08.009
https://doi.org/10.1016/j.fertnstert.2019.08.009
https://doi.org/10.1186/s12884-020-03509-3
https://doi.org/10.1186/s12884-020-03509-3
https://doi.org/10.1093/humrep/der254
https://doi.org/10.1093/humrep/der254
https://doi.org/10.1038/s41598-017-07773-w
https://doi.org/10.1038/s41598-017-07773-w
https://doi.org/10.1186/s12916-019-1354-1
https://doi.org/10.1002/ijgo.13570
https://doi.org/10.1016/j.fertnstert.2011.05.050
https://doi.org/10.1016/j.fertnstert.2011.02.059
https://doi.org/10.1530/REP-09-0345
https://doi.org/10.1210/jc.2008-2648
https://doi.org/10.1371/journal.pone.0049217
https://doi.org/10.1093/humrep/des350
https://doi.org/10.1093/humrep/des350
https://doi.org/10.1016/s1472-6483(10)60385-9
https://doi.org/10.1210/en.2010-0098
https://doi.org/10.1055/s-0035-1570032
https://doi.org/10.1055/s-0035-1570032
https://doi.org/10.1093/humrep/dew048
https://doi.org/10.1093/humrep/det292
https://doi.org/10.1093/humrep/det292
https://doi.org/10.1016/j.tem.2014.12.003
https://doi.org/10.1016/j.tem.2014.12.003
https://doi.org/10.1016/j.ajog.2011.03.021
https://doi.org/10.1016/j.fertnstert.2018.08.021
https://doi.org/10.1016/j.fertnstert.2018.08.021
https://doi.org/10.1186/1477-7827-11-56
https://doi.org/10.1186/1477-7827-11-56
https://doi.org/10.1056/NEJMoa1513873
https://doi.org/10.1002/14651858.CD002118.pub5
https://doi.org/10.1016/j.fertnstert.2016.08.028
https://doi.org/10.3109/09513591003632118
https://doi.org/10.1016/j.fertnstert.2015.11.008

	Association between abnormal body mass index and pregnancy outcomes in patients following frozen embryo transfer: a systematic review and meta-analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Search strategy
	Eligibility criteria and quality assessment
	Data extraction and statistical analysis

	Results
	Study selection and study characteristics
	Primary outcome: association between LBR and high BMI
	Overall LBR outcomes
	Subgroup analyses for LBR

	Secondary outcomes
	Implantation rate and Clinical pregnancy rate associated with high BMI
	Association between LBR and low BMI

	Quality assessment
	Risk of bias
	Sensitivity analyses


	Discussion
	Conclusions
	Acknowledgements
	References


