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Abstract

Background: High body mass index (BMI) results in decreased fecundity, and women with high BMI have reduced rates of cl@
pregnancy and live birth in iz vitro fertilization/intra-cytoplasmic sperm injection (IVF/ICSI). Meanwhile, ovarian responses show
great heterogeneity in patients with a high BMI. This study aimed to analyze the effects of a high BMI on IVF/ICSI outcomes in
the Chinese female with normal ovarian response.

Methods: We performed a retrospective cohort study comprising 15,124 patients from the medical record system of the Repro-
ductive Center of Peking University Third Hospital, with 3530 (23.3%) in the overweight group and 1380 (9.1%) in the obese
group, who had a normal ovarian response (5-15 oocytes retrieved) and underwent fresh embryo transfer (ET) cycles from Jan-
uary 2017 to December 2018, followed by linked frozen-thawed embryo transfer (FET) cycles from January 2017 to December
2020. Cumulative live birth rate (CLBR) was used as the primary outcome. Furthermore, a generalized additive model was applied
to visually illustrate the curvilinear relationship between BMI and the outcomes. We used a decision tree to identify the specific
population where high BMI had the greatest effect on IVF/ICSI outcomes.

Results: High BMI was associated with poor IVE/ICSI outcomes, both in cumulative cycles and in separate fresh ET or FET cycles.
In cumulative cycles, compared with the normal weight group, obesity was correlated with a lower positive pregnancy test rate
(adjusted odds ratio [aOR]: 0.809, 95% confidence interval [CI]: 0.682-0.960), lower clinical pregnancy rate (aOR: 0.766, 95%
CI: 0.646-0.907), lower live birth rate (aOR: 0.706, 95% CI: 0.595-0.838), higher cesarean section rate (aOR: 2.066, 95% CI:
1.533-2.785), and higher rate of large for gestational age (aOR: 2.273, 95% CI: 1.547-3.341). In the generalized additive model,
we found that CLBR declined with increasing BMI, with 24 kg/m? as an inflection point. In the decision tree, BMI only made a
difference in the population aged <34.5 years, with anti-Mullerian hormone >1.395 ng/mL, and the first time for IVE.
Conclusions: High BMI was related to poor IVF/ICSI outcomes in women with a normal ovarian response, and CLBR declined
with increasing BMI, partly due to suppressed endometrial receptivity. A high BMI had the most negative effect on young women
with anticipated positive prognoses.
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Introduction body weight negatively affects several processes, includ-
ing ovulation, oocyte maturation, endometrial receptivity,

Overweight and obesity are defined as abnormal or . . . 4
implantation, and pregnancy continuation.'*! Women

excessive fat accumulation, which are frequently eval-

uated based on body mass index (BMI, weight/height?,
kg/m?). Worldwide, obesity has nearly tripled since 1975.
In China, the prevalence of obesity was 8.1% in 2018,
more than twice as high as that in 2004.1") Overweight
and obesity are becoming important public health crises
in China, as they have been in developed countries.

Besides cardiometabolic problems, a high BMI has been
reported to result in decreased fecundity.>3 Excessive
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with obesity have a high incidence of menstrual irregular-
ity and anovulatory infertility. Even in ovulatory women,
obesity is closely associated with a low spontaneous
pregnancy rate. Therefore, women with obesity are very
likely to require in vitro fertilization (IVF) or intra-cyto-
plasmic sperm injection (ICSI). Studies have shown that
women with high BMI have significantly reduced rates
of clinical pregnancy and live birth in IVF/ICSI, and the
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rates continually decrease for every one unit increase in
BMI.[>*71 However, most studies were from Western
countries and mainly focused on women of European
descent. Evidence regarding the relationship between BMI
and IVF/ICSI outcomes in Asian populations is lacking.
Asian populations have a high percentage of body fat at
a low BMI and a great risk of developing diabetes and
cardiovascular disease at a low BML® With high BMI,
Asian women are more likely to fail to achieve a clinical
intrauterine gestation (odds ratio [OR] = 1.21 for over-
weight and 1.73 for obesity) as well as fail to achieve a
live birth (OR = 1.56 for overweight and 2.20 for obesity)
compared with white women.”!

Patients undergoing ovarian stimulation have different
ovarian responses, and the optimal number of oocytes
retrieved is a controversial topic. In randomized con-
trolled and cohort studies, the targeted number of oocytes
retrieved ranged from S to 14, 8 to 14, or 4 to 15.1%11 A
study in China also pointed out that the optimal number
was between 6 and 15.1? Beyond this range, both poor
and hyper-response result in a high cycle cancelation rate,
and patients with hyper-response are prone to ovarian
hyperstimulation syndrome (OHSS)."% Although most
patients with obesity tend to have a poor ovarian response,
some, especially those with polycystic ovary syndrome
(PCOS), could have a hyper ovarian response.[®!3]

Therefore, this study aimed to analyze the effects of a high
BMI on IVF/ICSI outcomes in the Chinese population. To
minimize heterogeneity, the study population was limited
to women with a normal ovarian response.

Methods

Ethics approval

This study was approved by the Ethics Committee of
Peking University Third Hospital (No. IRB00006761-
M2020004). Informed consent was waived because this
was a data analysis retrospectively with no personally
identifiable information.

Study population

This was a retrospective cohort study of fresh embryo
transfer (ET) cycles from January 2017 to December 2018,
and subsequent linked frozen-thawed embryo transfer
(FET) cycles from January 2017 to December 2020. Data
were retrieved from the medical record system of the
Reproductive Center of Peking University Third Hospital,
and obstetric data were collected by professional record-
ers via telephone follow-up.

This study included a female population who underwent
IVF/ICSI and had a normal ovarian response (5-15
oocytes retrieved). The exclusion criteria were as follows:
(1) in vitro maturation (IVM) technique; (2) natural cycle
protocol or mild ovarian stimulation protocol; (3) couples
with chromosomal abnormalities or those undergoing
preimplantation genetic testing (PGT); (4) fertility pres-
ervation; and (5) missing pregnancy data. According to

838

WWW.Cmj.org

Chinese BMI criteria, the population was divided into
four groups: underweight (BMI <18.5 kg/m?), normal
weight (BMI = 18.5-23.9 kg/m?), overweight (BMI =
24.0-27.9 kg/m?), and obese (BMI >28.0 kg/m?).['4]

Treatment protocol

The ovarian stimulation protocol, timing and dose of
ovulatory trigger, embryo culture, and transfer process
were performed according to the standard protocols of
our center. The gonadotropin-releasing hormone agonist
(GnRH-a) long protocol, prolonged protocol, short flare
protocol, ultrashort flare protocol, and GnRH antagonist
protocol were chosen for ovarian stimulation according
to different diagnoses and past treatment histories. When
two or more follicles reached a diameter of at least 18 mm,
250 pg of recombinant human choriogonadotropin alfa
solution for injection (rHCG, Ovidrel, Merck Serono,
UK) was administered for triggering. Oocyte retrieval was
performed 34-38 h after triggering, and IVF or ICSI was
used based on semen analysis results.

The development and quality of embryos were assessed
on day 3, considering the percentage of fragmentation and
the quality of the cytoplasm. Good-quality embryos on
day 3 were defined as embryos that were derived from 2
pronuclear (2PN) embryos and could reach at least six-cell
stage with cytoplasmic fragmentation <20%.!'%1¢! Blasto-
cyst morphology was evaluated on day § or Day 6 using
the Gardner grading system.['”! Good-quality blastocysts
were graded as AA, AB, BA, and BB with expansion grade
>3.15191 One or two embryos were transferred in the
fresh ET cycle, as determined by the doctors and embry-
ologists. The surplus embryos were cryopreserved. During
FET cycles, frozen embryos were transferred throughout
the natural hormone replacement or ovulation induction
cycles for endometrial preparation.

For both fresh ET and FET cycles and for both day 3
embryos and blastocysts, serum human chorionic gon-
adotropin (HCG) was measured 14 days after ET. An
ultrasound scan was performed 28 days after ET. In
the fresh ET cycle, the luteal phase was supported by a
progesterone intravaginal gel (Crinone gel 8%, Merck
Serono SA, Geneva, Switzerland) daily. In the natural and
ovulation induction cycle of FET, the luteal phase support
was 10 mg of oral dydrogesterone (Duphaston, Abbott
Biologicals B.V., Weesp, Netherlands) twice daily. In the
hormone replacement cycle of FET, luteal phase support
was a progesterone intravaginal gel (Crinone gel 8%,
Merck Serono SA) daily and 20 mg of oral dydrogesterone
twice daily, and the dose was gradually reduced. Luteal
phase support was continued until 10 weeks of gestation.

Outcomes

We followed the outcomes until live birth or October
2021. This implied that once patients had live births
in fresh ET or any FET cycle, follow-up would be cen-
sored. The primary outcome was cumulative live birth
rate (CLBR). The secondary outcomes included positive
pregnancy test rate, clinical pregnancy rate, live birth
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rate, cesarean section rate, preterm delivery rate, neonatal
weight type after the fresh ET and FET cycles, and the
cumulative outcomes per woman.

A positive pregnancy test was defined as a serum HCG
>5 IU/L 14 days after transfer. Clinical pregnancy was
defined as the detection of a gestational sac on transvag-
inal ultrasonography. Ectopic pregnancy was defined as
a gestational sac outside the uterine cavity, according to
ultrasound or pathological evidence. Twin pregnancy was
diagnosed depending on the ultrasound images during
the first trimester, whether the patient underwent later
multifetal reduction or not. Miscarriage was defined as the
loss of a previously documented clinical pregnancy before
28 weeks of gestation. Live birth was defined as delivery at
>28 weeks of gestational age with the infant(s) born alive.
Preterm delivery was defined as delivery before 37 weeks
of gestation. For singleton birth weight, small for gesta-
tional age (SGA) and large for gestational age (LGA) were
defined as the top and bottom 10% of gestational age- and
gender-specific birth weights, respectively.’?) CLBR was
defined as the live birth rate following a fresh ET cycle and
all additional FET cycles in which the transferred embryo
was created at the time of fresh IVF stimulation. Once a
patient achieved a positive pregnancy test in a fresh cycle
or in subsequent frozen cycles, the cumulative positive
pregnancy test was positive. The cumulative clinical preg-
nancy rate was calculated in a similar manner.

Sample size estimation

According to the preliminary statistical results of our
center, the CLBR of the obese group was 36.6 %, and that
of the normal weight group was 42.0%. We set a signifi-
cance level as 0.035, the statistical power as 80%, and the
sample size ratio of the obese group to the normal weight
group as 1:4. The sample size required for the obese group
was calculated to be 806. The sample size was calculated
using the Two Independent Proportions Power Analysis in
PASS software (v.11, NCSS, Kaysville, UT, USA).

Statistical analysis

All continuous variables were non-normally distributed
and are presented as median (25 quantile, 75 quantile).
Categorical variables are presented as proportions in
each group. Univariable comparisons among groups
were performed using the Kruskal-Wallis H test for
continuous variables and the Pearson chi-squared test
for categorical variables. A two-sided P-value <0.05 was
considered statistically significant among all four groups,
and P <0.008 was considered statistically significant for
comparisons between any two groups according to Bon-
ferroni-corrected P. Logistic regression (enter method)
was used to evaluate the correlation between BMI and
outcomes, and BMI was used as a continuous and cat-
egorical variable, respectively. For outcomes of fresh
ET and FET cycles or cumulative outcomes, all models
were adjusted for female age, type of infertility, duration
of infertility, gravidity, parity, male BMI, male age, basal
follicle-stimulating hormone (FSH), antral follicle count
(AFC), PCOS, tube factor, endometriosis, uterine factor,
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number of oocytes retrieved, and number of 2PN zygotes.
In the fresh ET cycle model, additional adjusting varia-
bles included ovarian stimulation protocol, stimulation
duration, total gonadotropin dose, endometrial pattern,
estradiol (E,)/luteinizing hormone (LH)/progesterone
(P) on trigger day, number of embryos transferred, and
day of ET. In the FET cycle model, additional adjusting
variables included the number of transferable embryos,
number of frozen embryos, endometrial preparation, and
endometrial pattern on the transfer day. In the cumulative
outcome model, additional adjusting variables included
ovarian stimulation protocol, stimulation duration, total
gonadotropin dose, endometrial pattern, E,/LH/P level
on trigger day, number of transferable embryos, number
of frozen embryos, number of embryos transferred in the
fresh cycle, and day of ET in the fresh cycle. Subgroup
analysis was also performed using logistic regression. We
did not include basal testosterone and androstenedione
in the adjusted calculation because they had clinical
cross-correlation with PCOS, and likewise, we did not
include basal membrane thickness for the diagnosis of the
uterine factor.

Unadjusted and adjusted generalized additive models were
conducted using CLBR as the outcome, with the “logit”
link function and REML method to find the appropriate
degrees of freedom. Adjusting variables included female
age, female BMI, type of infertility, PCOS, uterine factor,
ovarian stimulation protocol, stimulation duration, total
gonadotropin dose, number of oocytes retrieved, number
of 2PN zygotes, and day of ET in fresh ET cycles, which
were all significant variables after logistic regression of
CLBR. In the unadjusted model, a smoothing spline was
applied to BMI, and k (the upper limit on the degrees of
freedom) was set as 10 according to the Akaike informa-
tion criterion. In the adjusted model, a smoothing spline
was applied to all continuous variables, and the number
of knots was determined by default in the mgev R pack-
age (v1.8.40; Wood, S.N., 2011) in R Statistical Software
(v4.2.0; R Foundation, Vienna, Austria).

To develop the first-visit characteristics model to predict
the CLBR, most of the data were used to generate the
decision tree (70%, training dataset) with the growth
method CRT, and the remaining data were used to exam-
ine the validation of the decision tree (30%, test dataset).
The input variables were the baseline characteristics of
patients that were statistically or clinically significant,
including female age, female BMI, male BMI, type of
infertility, duration of infertility, gravidity, parity, basal
FSH, anti-Miillerian hormone (AMH), AFC, PCOS, tube
factor, endometriosis, uterine factor, male factor, and
whether it was the first time for IVF/ICSI. The Gini index
was used to split nodes, and the minimum of the Gini gain
was set to 0.001. The Gini gain (improvement) of every
splitting step [Supplementary Figure 1, http:/links.Ilww.
com/CM9/B866]. Growth limits were set so that the tree
could not have a depth > five levels. Both parent nodes
and child nodes had to have a minimum of 100 cases.

Statistical analyses were performed using SPSS software
(v25.0, IBM Corp, Armonk, NY, USA) and R Statistical
Software (v4.2.0, R Foundation, Vienna, Austria).
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Results

The study included 15,124 patients, with 9120 (60.3%)
in the normal weight group, 3530 (23.3%) in the over-
weight group, 1380 (9.1%) in the obese group, and 1094
(7.2%) in the underweight group. Nearly 70% of the
women underwent IVF for the first time, and this pro-
portion was comparable among the groups. The AMH
level and proportion of male factor diagnosis were also
comparable, of which the AMH level was mainly due to
the restriction of normal ovarian responders. All other
baseline characteristics, basic evaluations, and diagnoses
showed significant differences among the groups. Com-
pared with the normal weight group, women with obesity
were younger (32 [29,36] years vs. 33 [30,36] years), with
more AFC in ultrasound images (12 [8,16] vs. 9 [7,12]),
but had longer duration of infertility (4 [2,6] years vs.
3 [2,5] years), higher serum androgen levels; their spouses
were also younger (34 [30,37] years vs. 34 [30,38] years)
but had higher BMI (25.71 [23.47, 28.34] vs. 25.11
[22.86, 27.55]), PCOS was more common (332/1380
[24.1%] vs. 599/9120 [6.6%]), and endometriosis was
less common (44/1380 [3.2%] vs. 709/7.8 [6.6]%) (all
P <0.001). The type of infertility, gravidity, parity, basal
FSH level, and diagnosis of tube and uterine factors did
not show significant differences between the obese and
normal weight groups.

For IVF/ICSI treatment, compared with the normal
weight group, the obese group required a longer stim-
ulation duration (12 [10,13] days vs. 11 [10,13] days,
P <0.001). The total dose of gonadotropin increased with
the increase of BMI in each group. In particular, although
endometrial thickness was comparable among the differ-
ent BMI groups, endometrial pattern differed significantly.
The proportion of patients with pattern A decreased with
increasing BMI. The number of oocytes retrieved was
lower in women with obesity than that in women with
normal weight (9 [7,12] vs. 10 [7,12], P = 0.007), even in
the interval of 5-15 oocytes retrieved. The insemination
method, number of transferable embryos, and number
of frozen embryos were not significantly different among
the groups [Supplementary Table 1, http:/links.lww.com/
CM9/B866].

Some planned fresh ETs were canceled (1733/15,124,
11.5%) if fertilization or embryo development failed
(146/15,124, 1.0%), if the endometrial thickness was
not sufficient (218/15,124, 1.4%), for personal reasons
(861/15,124, 5.7%), or if the E, levels on trigger day
were above 15,000 pmol/L, which implied a high risk
of OHSS (508/15,124, 3.4%). After fresh ET cycles,
10,719 women had no live birth, and 6118 (57.1%) of
them underwent subsequent FET cycles [Tables 1 and
2]. After logistic regression, compared with the normal
weight group, both in fresh ET cycles and FET cycles, the
obese group had significantly lower clinical pregnancy
rates (aOR = 0.844 [0.717-0.994] in fresh ET cycles, and
0.662 [0.489-0.896] in FET cycles) and lower live birth
rates (aOR = 0.753 [0.633-0.897] in fresh ET cycles, and
0.643 [0.465-0.888] in FET cycles) and higher rates of
cesarean section (aOR = 2.074 [1.445-2.978] in fresh
ET cycles, and 4.158 [1.889-9.151] in FET cycles) and
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higher rates of LGA (aOR = 2.260 [1.539-3.320] in fresh
ET cycles, and 2.661 [1.474-4.804] in FET cycles). The
overweight group had comparable effects in fresh ET
cycles, but showed no significant effect on outcomes in
FET cycles. In fresh ET cycles, compared with the normal
weight group, miscarriage (aOR = 1.443 [1.044-1.995]),
and preterm delivery rates (aOR = 1.690 [1.174-2.433])
were significantly higher for patients with obesity after
regression, and miscarriage occurred at a greater gesta-
tional age (P = 0.005).

Notably, the cumulative positive pregnancy test rate,
cumulative clinical pregnancy rate,and CLBR significantly
decreased with increasing BMI categories in both univar-
iate and logistic regression analyses (all P <0.001 when
BMI was calculated in logistic regression as continuous
variable) [Tables 2]. At the same time, after regression, the
premature delivery rate (P = 0.001), cesarean section rate
(P <0.001), and the rate of LGA (P <0.001) significantly
increased with increasing BMI. Although the underweight
group had seemingly better outcomes in the univariate
analysis, they were all non-significant after regression.

The results of the subgroup analysis are listed in
Supplementary Table 2, http:/links.lww.com/CM9/B866.
A total of 1482 patients were diagnosed with PCOS, and
except for the cesarean rate, other cumulative outcomes
were not significant in overweight or obese women, partly
due to the small sample size. For patients without PCOS,
the outcomes were similar to those of the whole popula-
tion. For patients who underwent IVF/ICSI for the first
time, the overweight and obesity groups had a comparable
trend to the whole study population, although significance
was not achieved for cumulative clinical pregnancy and
live birth rates in the overweight group.

In the generalized additive model, CLBR tended to decrease
when BMI increased from 18.5 kg/m? to 24.0 kg/m?, and
after the BMI >24.0 kg/m?, CLBR decreased more slowly
[Figure 1].

In the decision tree, the first-visit characteristics model
showed that age was the best discriminator, whereas BMI
only made a difference in the population aged <34.5 years,
with AMH >1.395 ng/mL, and the first time for IVE For
them, CLBR was predicted to be 59.8% when BMI was
<23.05 kg/m?, and 52.0% when BMI was >23.05 kg/m?.
The accuracies of the training and test datasets were
61.1% and 61.2%, respectively [Supplementary Figure 1,
http://links.lww.com/CM9/B866]. The BMI cutoff and
accuracy fluctuated slightly in different random training
datasets, but the whole framework was consistent.

Discussion

In this large observational study, which included the larg-
est number of women with obesity in studies of obesity
and assisted reproduction technology (ART) outcomes in
China, we found that a high BMI was related to poor
IVF/ICSI outcomes in normal ovarian responders. Women
with a high BMI had low positive pregnancy test rates,
low clinical pregnancy rates, and low live birth rates, both
in cumulative cycles and in separate fresh ET cycles. And
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Table 1: Characteristics and outcomes of fresh ET cycles and FET cycles and the cumulative outcomes.

Characteristics Underweight Normal Overweight Obese Hly?value  P-value
Fresh ET cycles n=2936 n = 8064 n=3155 n=1236
No. embryos transferred
1 109 (11.6) 1017 (12.6) 432 (13.7) 187 (15.1) 8.87° 0.031
2 827 (88.4) 7047 (87.4) 2723 (86.3) 1049 (84.9)
Day of embryos transferred
Day 3 856 (92.9) 7421 (93.5) 2896 (93.2) 1112 (91.6) 11.067 0.087
Day 5 42 (4.6) 275 (3.5) 114 (3.7) 62 (5.1)
Day 6 23 (2.5) 244 (3.1) 98 (3.2) 40 (3.3)
No. good-quality embryos transferred
Zero 101 (11.1) 908 (11.5) 351 (11.4) 134 (11.1) 5.261 0.949
One day 3 171 (18.8) 1591 (20.2) 595 (19.3) 233 (19.4)
Two day 3 603 (66.1) 5087 (64.5) 2009 (65.0) 780 (64.8)
One day 5/6 36 (3.9) 294 (3.7) 129 (4.2) 55 (4.6)
Two day 5/6 1(0.1) 11 (0.1) 5(0.2) 1(0.1)
Positive pregnancy test 438 (46.8) 3747 (46.5) 1411 (44.7) 536 (43.4) 6.247 0.101
Clinical pregnancy 401 (42.8) 3356 (41.6) 1235 (39.1) 468 (37.9) 11.847 0.008
Ectopic pregnancy 13 (3.2) (2.7) 2(2.6) 18 (3.8) 2.54F 0.468
Twin pregnancy 110 (27.4) 911 (27.1) 343 (27.8) 138 (29.5) 1.19% 0.757
Miscarriage 61 (15.2) 531 (15.8) 219 (17.7) 91 (19.4) 5.90" 0.117
Miscarriage weeks 8 (7, 10) 8(7,9) 8(7,8) 8(7,20) 9.27" 0.026
Live birth 327 (34.9) 2735 (33.9) 984 (31.2) 359 (29.0) 18.04"  <0.001
Gestational age, weeks 38 (37, 40) 38(37,39) (37,39) 38(37,39) 42.84"  <0.001
Premature delivery 49 (15.1) 394 (14.6) 189 (19.5) 75 (21.0) 19.06"  <0.001
Cesarean section 195 (62.1) 1793 (67.6) 762 (79.3) 280 (79.3) 70.46"  <0.001
Neonatal birth weight?, g 3040 (2650, 3375) 3130 (2725,3500) 3200 (2700, 3600) 3200 (2750, 3590) 16.95°  <0.001
LGAS 22 (9.3) 336 (16.9) 188 (26.9) 81 (30.8) 80.227  <0.001
SGA# 28 (11.9) 139 (7.0) 33 (4.7) 10 (3.8)
FET cycles n =546 n=4163 n=1659 n==651

Patients with no live birth in fresh 4551767 (59.3) 364716385 (57.1)  1441/2546 (56.6) 575/1021 (56.3) 2.067 0.560
ET cycles having frozen embryos

Patients going through FET cycles 386/455 (84.8) 3091/3647 (84.8)  1240/1441 (86.1) 489/575 (85.0) 1.407 0.706
No. FET cycles/patients 546/386 (1.41) 4163/3091 (1.35)  1659/1240 (1.34) 651/489 (1.33) 1.92f 0.588
Endometrial preparation
Natural cycle 303 (55.5) 2280 (54.8) 668 (40.4) 225 (34.7) 174.7¢ <0.001
Hormone replacement cycle 209 (38.3) 1546 (37.2) 843 (50.9) 364 (56.2)
Ovulation induction cycle 4 (6.2) 332 (8.0) 144 (8.7) 59 (9.1)
Endometrial thickness on transfer 10 (9,11) 10 (9, 11) 10 (9, 11) 10 (9, 11) 3.57" 0.312
day
Endometrial pattern on transfer day
A 262 (85.6) 1856 (84.2) 692 (83.0) 239 (79.9) 10.96" 0.089
A-B 6 (2.0) 90 (4.1) 42 (5.0) 11 (3.7)
B 38 (12.4) 257 (11.7) 100 (12.0) 49 (16.4)
No. embryos transferred
1 381 (69.8) 2898 (69.6) 1198 (72.2) 457 (70.2) 3.92% 0.270
2 165 (30.2) 1265 (30.4) 461 (27.8) 194 (29.8)
Day of embryos transferred
Day 3 117 (21.5) 898 (21.7) 361 (21.8) 132 (20.3) 8.227 0.220
Day 5 406 (74.8) 3151 (76.1) 1263 (76.3) 496 (76.4)
Day 6 20 (3.7) 93 (2.2) 32 (1.9) 21(3.2)
No. good-quality embryos transferred
Zero 184 (33.7) 1356 (32.6) 557 <33 6) 220 (33.8) 6.84°  0.868
One day 3 31(5.7) 198 (4.8) 2 (4. 28 (4.3)
Two day 3 78 (14.3) 635 (15.3) 261 <15 8) 94 (14.5)
One day 5/6 248 (45.4) 1908 (46.0) 2 (45 4) 298 (45.9)
Two day 5/6 5(0.9) 55(1.3) 3 (0. 9 (1.4)
Positive pregnancy test 290 (53.1) 2000 (48.0) 767 (46 2) 300 (46.1) 8.68"  0.034
Clinical pregnancy 256 (46.9) 1753 (42.1) 682 (41.1) 259 (39.8) 722t 0.065
Ectopic pregnancy 1(0.4) 11 (0.6) 6 (0.9) 1(0.4) 1.137 0.771
(continued)
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(Continued)
Characteristics Underweight Normal Overweight Obese HIy? value  P-value
Twin pregnancy 20 (7.8) 145 (8.3) 78 (11.4) 24 (9.3) 6.531 0.090
Miscarriage 51 (19.9) 339 (19.3) 152 (22.3) 61 (23.6) 4.34f 0.228
Miscarriage weeks 7(7,9) 7(7,9) 8(7,9) 8(7,10) 1.13" 0.769
Live birth 203 (37.2) 1399 (33.6) 523 (31.5) 197 (30.3) 8.817 0.032
Gestational age, weeks 39.00 39.00 38.00 38.00 23.53" <0.001
(38.00, 40.00) (38.00, 39.00) (37.00, 39.00) (37.00, 39.00)
Premature delivery 21 (10.3) 164 (11.7) 73 (14.0) 36 (18.3) 8.56" 0.037
Cesarean section 119 (59.5) 916 (66.4) 370 (71.8) 160 (81.2) 27.577  <0.001
Neonatal birth weight*, g 3217.50 3300.00 3315.00 3400.00 10.17" 0.022
(2910.00, 3500.00) (3000.00, 3600.00) (2990.00, 3700.00) (3000.00, 3690.00)
LGA?® 24 (13.3) 319 (23.3) 142 (27.5) 68 (35.1) 32.06"  <0.001
SGA? 12 (6.6) 71 (5.2) 29 (5.6) 15(7.7)
Cumulative n=1094 n=9120 n=3530 n=1380
Positive pregnancy test 665 (60.8) 5310 (58.2) 2008 (56.9) 768 (55.7) 8.48" 0.037
Clinical pregnancy 622 (56.9) 4872 (53.4) 1818 (51.5) 691 (50.1) 15.067 0.002
Live birth 531 (48.5) 4134 (45.3) 1507 (42.7) 556 (40.3) 24.347  <0.001
Gestational age, weeks 39 (37, 40) 38(37,39) 38(37,39) 38(37,39) 65.88" <0.001
Premature delivery 70 (13.3) 558 (13.6) 261 (17.5) 111 (20.0) 25.897  <0.001
Cesarean section 314 (61.1) 2709 (67.2) 1132 (76.7) 440 (80.0) 97.757  <0.001
Neonatal birth weight?, g 3100 (2750, 3450) 3200 (2800, 3535) 3250 (2775,3610) 3300 (2850,3600) 22.38"  <0.001
LGA® 46 (11.0) 655 (19.5) 330 (27.2) 149 (32.6) 96.037  <0.001
SGAS 40 (9.6) 210 (6.3) 62 (5.1) 25 (5.5)

Data are presented as 7 (%) or median (Q1, Q3). "Refers to H value tested by Kruskal-Wallis H test, and "refers to y* value tested by Pearson y? test.
‘Neonatal birth Weifht: including singleton birth weight and the average of twins. 'LGA and SGA: only applicable for singleton. ET: Embryo transfer;

FET: Frozen-thawe

women with a high BMI had high cesarean section and
LGA rates. In the generalized additive model, we intuitively
presented the decline in CLBR with increasing BMI, and
24 kg/m? was an inflection point, indicating the weight-
loss goal for improved IVF/ICSI outcomes. Furthermore,
in the decision tree, the first-visit characteristics model
mimicked the situation in which one patient visited the
clinic for the first time, and the doctor had to predict her
pregnancy outcome according to baseline characteristics
only. We found that high BMI had the most negative effect
in young women with anticipated positive prognosis (age
<34.5 years, AMH >1.395 ng/mL, and first IVF/ICSI).
This specific population accounted for approximately
42% of our study population and was the key population
for IVF treatment in China.

Previously, the influence of BMI on IVF/ICSI outcomes
has been controversial. Although several studies have
reported no relationship between fat excess and IVF/ICSI
outcomes, '3 more clinical studies had conclusions
consistent with ours, although they mainly focused on
white women."7-**l Many studies have been conducted
to determine the underlying mechanisms. Dysregulation
of the hypothalamic—pituitary—ovarian axis, insulin
resistance, elevated leptin level, increased reactive
oxygen species, and chronic low-grade inflammatory
state contribute to poor outcomes.!>*’! In our study, we
restricted our population to normal ovarian responders,
and the number of good embryos transferred was com-
parable among the groups, which suggests that reduced
endometrial receptivity could partly explain the poor
outcomes. Some previous studies have included oocyte
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embryo transfer; LGA: Large for gestational age; SGA: Small for gestational age.

donation cycles to study the effect of fat excess on the
endometrial receptivity. Although one meta-analysis by
Jungheim et all*®! reported no effect, this analysis only
included five studies with 4758 patients, and there was
significant heterogeneity and no baseline information
about both the donors and recipients. In 2013, Bellver
et al®” included 9587 first cycles of ovum donation and
found that implantation, clinical pregnancy, and live
birth rates were significantly reduced as BMI increased.
In 2016, the largest cohort study of BMI in donor cycles
with 22,317 donor/recipient oocyte cycles also concluded
that pregnancy outcomes worsened as BMI increased.?®!
These findings were consistent with those of our study,
which demonstrated that excessive female fat may impair
endometrial receptivity. Moreover, there was transcrip-
tome evidence that endometrial gene expression in the
window of implantation was altered in women with
obesity, especially those with PCOS and infertility, 3"
and endometrial receptivity analysis showed that obesity
could delay the window of implantation, and displace-
ment was longer as BMI increased.*!! However, the
mechanism has not yet been fully elucidated; metabolic,
endocrine, inflammatory, and epigenetic mechanisms may
be involved, which is worthy of further exploration.!?!

More attention should be paid to weight loss. Several
high-quality randomized clinical trials have performed
lifestyle interventions in women with mean BMI ranging
from 33 kg/m? to 39 kg/m?, and ultimately reduced BMI
by 2.6-3.6 units or reduced weight by 4.4 kg. However,
all showed no positive effect on pregnancy outcomes with
mild weight loss.[*3% In our study, considering that the
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Table 2: Logistic regression analysis in fresh ET cycles, FET cycles, and cumulative calculation.

BMI classification

Normal
BMI Underweight weight Overweight Obese
Outcomes P-value OR (95% Cl) P-value OR (95% ClI) OR (95% Cl)  P-value OR (95% Cl) P-value OR (95% ClI)
Fresh ET cycles
Positive pregnancy test 0.006 0.982 (0.969-0.995) 0.547 0.946 (0.789-1.134) 1 0.076 0.906 (0.813-1.010)  0.115 0.879 (0.749-1.032)
Clinical pregnancy <0.001 0.976 (0.963-0.989) 0.926 1.009 (0.840-1.211) 1 0.027 0.882(0.790-0.985) 0.042 0.844 (0.717-0.994)

Ectopic pregnancy 0.671 1.013 (0.954-1.076) 0.829 1.088 (0.505-2.345) 1 0.416 0.799 (0.465-1.373)  0.145 1.631 (0.845-3.149)

Twin pregnancy 0.112  1.019 (0.996-1.043) 0.861 0.973 (0.715-1.324) 1 0.335 1.100 (0.907-1.334)  0.070 1.304 (0.978-1.740)
Miscarriage 0.028 1.031 (1.003-1.060) 0.248 1.244 (0.859-1.799) 1 0.279 1.136 (0.901-1.433)  0.026 1.443 (1.044-1.995)
Live birth <0.001 0.970 (0.957-0.984) 0.629 0.954 (0.789-1.154) 1 0.039 0.885(0.788-0.994) 0.002 0.753 (0.633-0.897)

Premature delivery 0.011 1.040 (1.009-1.073) 0.648 1.102 (0.727-1.668) 1 0.021 1.344 (1.045-1.727)  0.005 1.690 (1.174-2.433)

Cesarean section <0.001 1.095 (1.064-1.127) 0.125 0.781 (0.570-1.071) 1 <0.001 1.979 (1.576-2.485) <0.001 2.074 (1.445-2.978)

LGA" <0.001 1.095 (1.059-1.133) 0.200 0.682 (0.380-1.224) 1 0.001 1.581(1.199-2.085) <0.001 2.260 (1.539-3.320)

SGA™ 0.043 0.937 (0.879-0.998) 0.006 2.188 (1.256-3.809) 1 0.907 0.971 (0.597-1.580)  0.209 0.544 (0.211-1.406)

FET cycles
Positive pregnancy test ~ 0.014  0.972 (0.950-0.994) 0.940 0.988 (0.729-1.341) 1 0.783 0.972(0.797-1.186)  0.023 0.710 (0.529-0.953)
Clinical pregnancy 0.010 0.970 (0.948-0.993) 0.572 1.093 (0.803-1.487) 1 0.971 1.004 (0.822-1.226) 0.007 0.662 (0.489-0.896)

Ectopic pregnancy 0.317 0.842 (0.601-1.179) 0.440 2.663 (0.222-31.97) 1 0.696 0.640 (0.068-5.990) 0.997 0 (0-0)

Twin pregnancy 0.420 1.026 (0.964-1.093) 0.246 0.529 (0.180-1.551) 1 0.099 1.536 (0.923-2.555) 0.479 0.698 (0.257-1.892)
Miscarriage 0.353 1.022 (0.977-1.069) 0.526 1.208 (0.674-2.163) 1 0.200 1.277(0.879-1.856) 0.413 1.278 (0.710-2.301)
Live birth 0.011 0.969 (0.946-0.993) 0.755 0.951 (0.693-1.305) 1 0.460 0.924 (0.750-1.139)  0.007 0.643 (0.465-0.888)

Premature delivery 0.138 1.044 (0.986-1.105) 0.970 0.985 (0.442-2.192) 1 0.274 1.309 (0.808-2.119)  0.226 1.568 (0.757-3.250)

Cesarean section <0.001 1.092 (1.043-1.143) 0.956 1.015 (0.607-1.696) 1 0.084 1.379 (0.958-1.983) <0.001 4.158 (1.889-9.151)

LGAT <0.001 1.114 (1.063-1.167) 0.011 0.344 (0.151-0.781) 1 0.205 1.284 (0.873-1.890) 0.001 2.661 (1.474-4.804)

SGA' 0.505 1.031(0.942-1.128) 0.547 0.681 (0.195-2.377) 1 0.411 1.348 (0.662-2.746)  0.300 1.844 (0.580-5.860)

Cumulative
Positive pregnancy test <0.001 0.972 (0.958-0.986) 0.471 1.075 (0.883-1.309) 1 0.041 0.886 (0.788-0.995) 0.015 0.809 (0.682-0.960)
Clinical pregnancy <0.001 0.966 (0.952-0.979) 0.176 1.143 (0.942-1.387) 1 0.031 0.881 (0.785-0.989)  0.002 0.766 (0.646-0.907)
Live birth <0.001 0.962 (0.949-0.976) 0.626 1.048 (0.867-1.268) 1 0.047 0.889 (0.792-0.998) <0.001 0.706 (0.595-0.838)

Premature delivery 0.001 1.045(1.017-1.072) 0.870 1.031 (0.716-1.484) 1 0.009 1.337 (1.076-1.662)  0.001 1.677(1.232-2.283)

Cesarean section <0.001 1.091 (1.066-1.117) 0.091 0.798 (0.615-1.037) 1 <0.001 1.813(1.503-2.186) <0.001 2.066 (1.533-2.785)

LGA' <0.001 1.095(1.059-1.133) 0.212 0.689 (0.384-1.237) 1 0.001 1.574 (1.193-2.076) <0.001 2.273 (1.547-3.341)

SGA' 0.043 0.937(0.879-0.998) 0.005 2.202 (1.264-3.837) 1 0.923 0.976 (0.600-1.589) 0.216 0.549 (0.212-1.419)

"BMI was calculated in logistic regression as continuous variable. 'Rates of LGA and SGA were both calculated with reference of the rate of appropriate for gestational

age. BMI: Body mass index; ET: Embryo transfer; FET: Frozen-thawed embryo transfer; LGA: Large for gestational age; SGA: Small for gestational age.

CLBR declined much more slowly when BMI >24 kg/m?,
which is comparable to the cutoff value in the decision
tree, we suggest that patients with high BMI should reduce
BMI to 24 kg/m? or less; otherwise, it would be difficult to
eliminate the impact of fat excess on fertility.

However, the results of the first-visit characteristics model
indicated that weight loss may not be practicable for
everyone. This is probably a waste of valuable time
for patients who are relatively older or have poor

60
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Figure 1: Relationship between BMI and the CLBR. BMI: Body mass index; CLBR: Cumu-
lative live birth rate.

ovarian response. Several studies have reported similar
conclusions. Pinborg et al*®! found that BMI had the
highest impact on live births in the youngest age group
(<25 years), and the impact continually decreased with
increasing age. Goldman et al'*”! found smaller differences
in CLBR across BMI categories in patients older than
38 years. A high BMI seemed more severe in patients
undergoing IVF for the first time in our study, but what
about patients experiencing recurrent implantation fail-
ure (RIF)? Although high BMI has a clear correlation with
reduced implantation rate, it is unclear whether weight
loss in women with RIF could shorten the time to preg-
nancy, as RIF could be caused by many other factors, such
as immunological factors, chronic endometritis, uterine
anatomical abnormalities, and chromosomal abnormali-
ties.’®! Further research is needed in women with RIF.

In general, a high BMI indicates poor IVF/ICSI outcomes,
but it takes a long time to achieve effective weight loss
through either lifestyle intervention or bariatric surgery.
Therefore, we recommend that young patients who
are overweight or have less severe obesity lose weight,
whereas for women with advanced age, poor prognosis,
or severe obesity and having difficulty in losing weight in
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a short time, undergoing ART as soon as possible would
probably be a better choice. It is noteworthy that this recom-
mendation was entirely based on IVF/ICSI outcomes.
High BMI not only increases the risk of pregnancy
complications!®*! but also induces cardiovascular disease,
type 2 diabetes, osteoarthritis, and cancer.!>*° Therefore,
the starting time and optimal endpoint of weight loss
should be determined by clinicians after a full evaluation.

We acknowledge several limitations in interpreting the
findings of this study. First, we only used BMI to eval-
uate fat excess and did not include other biometric and
biochemical variables, such as waist-to-hip ratio, blood
pressure, total testosterone, triglycerides, leptin, glyco-
hemoglobin, and C-reactive protein, which could partly
explain the relatively low accuracy of the decision tree
model. Second, smoking, alcohol consumption, dietary
habits, and exercise were not included in this study,
and future research should focus on the effects of these
lifestyle factors on IVF/ICSI outcomes. Third, this was a
retrospective study, although it was based on real-world
data. BMI data were collected when patients underwent
fresh ET cycles and no changes in BMI during follow-up
were included in our study. Prospective interventional
studies are needed to evaluate the effects of weight loss on
IVF/ICSI outcomes.

In conclusion, high BMI was related to poor IVF/ICSI
outcomes in normal ovarian responders in China, both in
cumulative cycles and in separate fresh ET or FET cycles,
partly because of suppressed endometrial receptivity. A
high BMI had the most negative effect on young women
with anticipated positive prognoses. We recommend that
young patients lose weight, whereas women of advanced
age or with poor prognosis should undergo ART as soon
as possible. In the future, we expect to study the effects of
weight loss in the RIF population. Prospective interven-
tional studies are needed to include more biometric and
biochemical variables and to analyze the ways to achieve
effective weight loss.

Funding

This study was supported by the grants from the National
Key Research and Development Program of China (No.
2021YFC2700601) and the National Science Fund for
Distinguished Young Scholars (No. 81925013).

Gonflicts of interest

None.

References

1. Wang L, Zhou B, Zhao Z, Yang L, Zhang M, Jiang Y, et al. Body-
mass index and obesity in urban and rural China: Findings from
consecutive nationally representative surveys during 2004-18.
Lancet 2021;398:53-63. doi: 10.1016/S0140-6736(21)00798-4.

2. Practice Committee of the American Society for Reproductive Med-
icine. Obesity and reproduction: A committee opinion. Fertil Steril
2015;104:1116-1126. doi: 10.1016/j.fertnstert.2015.08.018.

3. Broughton DE, Moley KH. Obesity and female infertility: Poten-
tial mediators of obesity’s impact. Fertil Steril 2017;107:840-847.
doi: 10.1016/j.fertnstert.2017.01.017.

844

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

WWW.Cmj.org

. Abdulkhalikova D, Sustarsic A, Vrta¢nik Bokal E, Jancar N, Jensterle

M, Burnik Papler T. The lifestyle modifications and endometrial
proteome changes of women with polycystic ovary syndrome
and obesity. Front Endocrinol (Lausanne) 2022;13:888460. doi:
10.3389/fendo.2022.888460.

. Romanski PA, Bortoletto P, Magaoay B, Chung A, Rosenwaks

Z, Spandorfer SD. Live birth outcomes in infertile patients with
class III and class IV obesity following fresh embryo transfer. J
Assist Reprod Genet 2021;38:347-355. doi: 10.1007/s10815-020-
02011-1.

. 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 tech-
nology registry. Fertil Steril 2016;105:663-669. doi: 10.1016/j.
fertnstert.2015.11.008.

. Kawwass JF, Kulkarni AD, Hipp HS, Crawford S, Kissin DM,

Jamieson D]J. Extremities of body mass index and their association
with pregnancy outcomes in women undergoing in vitro fertiliza-
tion in the United States. Fertil Steril 2016;106:1742-1750. doi:
10.1016/j.fertnstert.2016.08.028.

. WHO Expert Consultation. Appropriate body-mass index for Asian

populations and its implications for policy and intervention strategies.
Lancet 2004;363:157-163. doi: 10.1016/S0140-6736(03)15268-3.

. Luke B, Brown MB, Stern JE, Missmer SA, Fujimoto VY, Leach

R. Racial and ethnic disparities in assisted reproductive tech-
nology pregnancy and live birth rates within body mass index
categories. Fertil Steril 2011;95:1661-1666. doi: 10.1016/j.fertn-
stert.2010.12.035.

Oudshoorn SC, van Tilborg TC, Hamdine O, Torrance HL, Eijke-
mans MJC, Lentjes EGWM, et al. Ovarian response to controlled
ovarian hyperstimulation: What does serum FSH say? Hum
Reprod 2017;32:1701-1709. doi: 10.1093/humrep/dex222.

Friis Petersen J, Lokkegaard E, Andersen LF, Torp K, Egeberg A,
Hedegaard L, et al. A randomized controlled trial of AMH-based
individualized FSH dosing in a GnRH antagonist protocol for IVE.
Hum Reprod Open. 2019;2019:h0z003. doi: 10.1093/hropen/
hoz003.

Ji J, Liu Y, Tong XH, Luo L, Ma ], Chen Z. The optimum number
of oocytes in IVF treatment: An analysis of 2455 cycles in China.
Hum Reprod 2013;28:2728-2734. doi: 10.1093/humrep/det303.
Cozzolino M, Herraiz S, Titus S, Roberts L, Romeu M, Peinado I,
et al. Transcriptomic landscape of granulosa cells and peripheral
blood mononuclear cells in women with PCOS compared to young
poor responders and women with normal response. Hum Reprod
2022;37:1274-1286. doi: 10.1093/humrep/deac069.

Zhou BF; Cooperative Meta-Analysis Group of the Working
Group on Obesity in China. Predictive values of body mass index
and waist circumference for risk factors of certain related diseases
in Chinese adults—Study on optimal cut-off points of body mass
index and waist circumference in Chinese adults. Biomed Environ
Sci 2002;15:83-96.

Paternot G, Debrock S, De Neubourg D, D’Hooghe TM, Spies-
sens C. Semi-automated morphometric analysis of human embryos
can reveal correlations between total embryo volume and clinical
pregnancy. Hum Reprod 2013;28:627-633. doi: 10.1093/humrep/
des427.

Shibahara H, Hirano Y, Okajima T, Shimada K, Kikuchi K, Suzuki
T, et al. Establishment of criteria for elective single embryo transfer
at day 2 or day 3 by analyzing cases with successful implantation
of all embryos transferred. J Obstet Gynaecol Res 2007;33:501-
505. doi: 10.1111/5.1447-0756.2007.00556.x.

Gardner DK, Lane M, Stevens J, Schlenker T, Schoolcraft WB. Blas-
tocyst score affects implantation and pregnancy outcome: Towards
a single blastocyst transfer. Fertil Steril 2000;73:1155-1158. doi:
10.1016/50015-0282(00)00518-5.

Wang W, Cai J, Liu L, Xu Y, Liu Z, Chen J, et al. Does the trans-
fer of a poor quality embryo with a good quality embryo benefit
poor prognosis patients? Reprod Biol Endocrinol 2020;18:97. doi:
10.1186/512958-020-00656-2.

Akamine K, Mekaru K, Gibo K, Nagata C, Oishi S, Miyagi M,
et al. Comparative study of obstetric and neonatal outcomes of live
births between poor- and good-quality embryo transfers. Reprod
Med Biol 2018;17:188-194. doi: 10.1002/rmb2.12090.

Capital Institute of Pediatrics, Coordinating Study Group of Nine
Cities on the Physical Growth and Development of Children.
Growth standard curves of birth weight, length and head circum-



Chinese Medical Journal 2024;137(7)

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

ference of Chinese newborns of different gestation (in Chinese).
Chinese Journal of Pediatrics 2020;58:738-746. doi: 10.3760/
cma.j.cn112140-20200316-00242.

Dechaud H, Anahory T, Reyftmann L, Loup V, Hamamah S,
Hedon B. Obesity does not adversely affect results in patients
who are undergoing in vitro fertilization and embryo transfer. Eur
J Obstet Gynecol Reprod Biol 2006;127:88-93. doi: 10.1016/j.
ejogrb.2005.12.009.

Matalliotakis I, Cakmak H, Sakkas D, Mahutte N, Koumantakis
G, Arici A. Impact of body mass index on IVF and ICSI outcome: A
retrospective study. Reprod Biomed Online 2008;16:778-783. doi:
10.1016/s1472-6483(10)60142-3.

Brunet C, Aouinti S, Huguet F, Macioce V, Ranisavljevic N, Gala
A, et al. Impact of women obesity and obesity severity on live
birth rate after in vitro fertilization. ] Clin Med 2020;9:2414. doi:
10.3390/jcm9082414.

Petersen GL, Schmidt L, Pinborg A, Kamper-Jorgensen M. The
influence of female and male body mass index on live births after
assisted reproductive technology treatment: A nationwide reg-
ister-based cohort study. Fertil Steril 2013;99:1654-1662. doi:
10.1016/j.fertnstert.2013.01.092.

Imterat M, Agarwal A, Esteves SC, Meyer J, Harlev A. Impact of
body mass index on female fertility and ART outcomes. Panmin-
erva Med 2019;61:58-67. doi: 10.23736/S0031-0808.18.03490-0.
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-
2727. doi: 10.1093/humrep/det292.

Bellver J, Pellicer A, Garcia-Velasco JA, Ballesteros A, Remohi J,
Meseguer M. Obesity reduces uterine receptivity: Clinical experi-
ence from 9,587 first cycles of ovum donation with normal weight
donors. Fertil Steril 2013;100:1050-1058. doi: 10.1016/j.fertn-
stert.2013.06.001.

Provost MP, Acharya KS, Acharya CR, Yeh JS, Steward RG, Eaton
JL, et al. Pregnancy outcomes decline with increasing recipient
body mass index: An analysis of 22,317 fresh donor/recipient
cycles from the 2008-2010 society for assisted reproductive tech-
nology clinic outcome reporting system registry. Fertil Steril
20165105:364-368. doi: 10.1016/j.fertnstert.2015.10.015.

Liu S, Hong L, Lian R, Xiao S, Li Y, Diao L, et al. Transcriptomic
analysis reveals endometrial dynamics in normoweight and over-
weight/obese polycystic ovary syndrome women. Front Genet
2022;13:874487. doi: 10.3389/fgene.2022.874487.

Bellver J, Martinez-Conejero JA, Labarta E, Alama P, Melo MA,
Remohi J, et al. Endometrial gene expression in the window of
implantation is altered in obese women especially in association
with polycystic ovary syndrome. Fertil Steril 2011;95:2335-2341.
e1-8. doi: 10.1016/.fertnstert.2011.03.021.

845

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

WWW.Cmj.org

Bellver J, Marin C, Lathi RB, Murugappan G, Labarta E, Vidal
C, et al. Obesity affects endometrial receptivity by displacing the
window of implantation. Reprod Sci 2021;28:3171-3180. doi:
10.1007/s43032-021-00631-1.

Del Carmen Nogales M, Cruz M, de Frutos S, Martinez EM,
Gaytan M, Ariza M, et al. Association between clinical and IVF
laboratory parameters and miscarriage after single euploid embryo
transfers. Reprod Biol Endocrinol 2021;19:186. doi: 10.1186/
$12958-021-00870-6.

Einarsson S, Bergh C, Friberg B, Pinborg A, Klajnbard A, Karl-
strom P, et al. Weight reduction intervention for obese infertile
women prior to IVF: A randomized controlled trial. Hum Reprod
2017;32:1621-1630. doi: 10.1093/humrep/dex235.

Mutsaerts MA, van Oers AM, Groen H, Burggraaff JM, Kuchen-
becker WK, Perquin DA, ef al. Randomized trial of a lifestyle
program in obese infertile women. N Engl ] Med 2016;374:1942~
1953. doi: 10.1056/NEJMo0a1505297.

Legro RS, Hansen KR, Diamond MP, Steiner AZ, Coutifaris C, Cedars
M], et al. Effects of preconception lifestyle intervention in infertile
women with obesity: The FIT-PLESE randomized controlled trial.
PLoS Med 2022;19:e1003883. doi: 10.1371/journal.pmed.1003883.
Pinborg A, Gaarslev C, Hougaard CO, Nyboe Andersen A, Ander-
sen 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;23:490-499. doi: 10.1016/j.
rbmo.2011.06.010.

Goldman RH, Farland LV, Thomas AM, Zera CA, Ginsburg ES. The
combined impact of maternal age and body mass index on cumula-
tive live birth following in vitro fertilization. Am J Obstet Gynecol
2019;221:617.e1-617.e13. doi: 10.1016/j.aj0g.2019.05.043.
Bashiri A, Halper KI, Orvieto R. Recurrent implantation fail-
ure-update overview on etiology, diagnosis, treatment and future
directions. Reprod Biol Endocrinol 2018;16:121. doi: 10.1186/
s12958-018-0414-2.

Poston L, Caleyachetty R, Cnattingius S, Corvalan C, Uauy R,
Herring S, et al. Preconceptional and maternal obesity: Epide-
miology and health consequences. Lancet Diabetes Endocrinol
2016;4:1025-1036. doi: 10.1016/52213-8587(16)30217-0.

Piché ME, Tchernof A, Després JP. Obesity phenotypes, diabetes,
and cardiovascular diseases. Circ Res 2020;126:1477-1500. doi:
10.1161/CIRCRESAHA.120.316101.

How to cite this article: Zheng DL, Wang YY, Chen LX, Zeng L, Li
R. Association between body mass index and in wvitro fertilization/
intra-cytoplasmic sperm injection outcomes: An analysis of 15,124
normal ovarian responders in China. Chin Med J 2024;137:837-845.
doi: 10.1097/CM9.0000000000002992



	p837-CMJ-2022-2609
	Association between body mass index and in vitro fertilization/intracytoplasmicsperm injection outcomes: An analysis of 15,124 normalovarian responders in China
	Introduction
	Methods
	Ethics approval
	Study population
	Treatment protocol
	Outcomes
	Sample size estimation
	Statistical analysis

	Results
	Discussion
	Funding
	Con˜icts of interest
	References





