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Purpose: The aim of this study was to determine whether a 60-day weight

reduction intervention prior to in vitro fertilization/intracytoplasmic sperm

injection (IVF/ICSI) and a higher weight loss ratio effectively improved

perinatal outcomes for infertile overweight or obese women.

Methods: This was a retrospective cohort study conducted at a university-

affiliated fertility center. Two thousand three hundred and eighty-one

overweight or obese infertile women who underwent or did not undergo a

60-day weight reduction intervention prior to IVF/ICSI between February 27,

2017 and November 11, 2020 were included in this study. All of these women

achieved clinical pregnancy and delivered a single child after assisted

reproductive technology (ART). Primary outcomes included neonatal birth

weight and the incidence of pregnancy complications, premature delivery,

and low birth weight.

Results: The body mass index (BMI), blood glucose concentration, serum

insulin level, and homeostasis model assessment of insulin resistance

(HOMA-IR) of the intervention group decreased significantly after the weight

reduction intervention. Neonatal birth weight was significantly higher in the

intervention group (3519.6 g ±484.8 g) than the control group (3406.8 g ±

554.2 g; P < 0.001). There was no significant difference in the incidence of

pregnancy complications between the two groups. Linear regression analysis

found that the weight reduction intervention prior to IVF/ICSI and lower

HOMA-IR at ovulation induction were associated with increased birth weight.

As the weight loss ratio increased, the incidence of hypertensive disorders of
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pregnancy, premature membrane rupture, premature delivery, stillbirth, and

low birth weight showed a downward trend.

Conclusion(s): A 60-day weight reduction intervention prior to IVF/ICSI may

increase neonatal birth weight, reduce maternal blood glucose concentration,

and improve maternal insulin resistance in infertile overweight or obese

women. This results require to be further verified by prospective randomized

controlled trials with a larger sample size.
KEYWORDS

weight reduction intervention, obesity, in vitro fertilization, intracytoplasmic sperm
injection, perinatal outcomes
Introduction

Fueled by rapid social development, an increasingly

sedentary lifestyle, and a nutritional transition to processed

foods and high-calorie diets in recent years, the incidence of

overweight and obesity expanded rapidly and the number of

cases of infertility caused by overweight and obesity is also

increasing (1, 2). For adults, the world health organization

(WHO) defined body mass index (BMI) ≥ 25 kg/m2 as

overweight and BMI ≥ 30 kg/m2 as obesity (2). Overweight

and obesity increases the risk of infertility by causing functional

alterations to the hypothalamic–pituitary–ovarian axis (3).

Overweight and obesity also impairs ovarian responsiveness to

gonadotrophin stimulation, such that higher doses of

medication are required. Moreover, compared with women of

normal weight, obese women have an increased risk of cycle

cancellation and decreased risk of implantation, clinical

pregnancy and live birth (4, 5). Overweight and obesity are

associated with lower live birth rates in women undergoing

assisted reproductive therapy (ART), and previous studies have

demonstrated that weight loss prior to ART in overweight and/

or obese women increases pregnancy and live birth rates (6–10).

Meanwhile, obesity increases the risk of premature delivery, low

birth weight, miscarriage, abnormal labor and postpartum

complications (11–15). Therefore, a weight reduction

intervention prior to in vitro fertilization/intracytoplasmic

sperm injection (IVF/ICSI) may be successful at improving

ART and perinatal outcomes and may be an appropriate

treatment for patients with obesity-related endocrine disorders

and irregular menstruation (16). However, there is a lack of

researches on whether weight reduction prior to IVF/ICSI affects

perinatal outcomes. In addition, there is an urgent need to

determine the range of weight loss ratios that is most likely to

improve perinatal outcomes. Information gained through

studying the effects of weight reduction and the optimal
02
weight loss ratio on perinatal outcomes is required to ensure

that overweight and obese infertile patients who accept a weight

reduction intervention prior to IVF/ICSI have nicer

perinatal outcomes.
Materials and methods

Study design and patients

This was a retrospective cohort study performed at the

Assisted Reproduction Center of the Third Affiliated Hospital

of Zhengzhou University. Two thousand three hundred and

eighty-one overweight or obese infertile women who voluntarily

underwent (intervention group, n=495) or rejected/discontinued

a 60-day weight reduction intervention (control group, n=1,886)

prior to IVF/ICSI from February 27, 2017 to November 11, 2020

and the 2,381 singletons delivered by these patients were

included. Patients were randomly selected from the medical

record system. The weight reduction intervention was defined as

a 60-day weight reduction program that included a low-

carbohydrate diet, diet structure adjustment, and an exercise

program under the guidance of nutritionists. Nutritionists in the

weight management department of the reproductive center

instructed patients with a high BMI to purchase appropriate

foods and consume a low-carbohydrate diet, to choose foods

with a low glycemic index to induce fat breakdown, and to

exercise appropriately so that their energy expenditure exceeded

their intake. The inclusion criteria of the intervention group

included: i) accepting the weight reduction intervention prior to

IVF/ICSI, ii) a BMI ≥ 25 kg/m2, iii) undergoing IVF/ICSI after

the weight-loss intervention, and iv) delivering a single child.

The inclusion criteria for the control group differed in that these

patients either interrupted or rejected the weight reduction

intervention. Patients were excluded from the study if they
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had a diagnosis of recurrent spontaneous abortion, repeated

implantation failure, abnormal anatomical structure of the

uterus, chromosomal abnormalities, or tumors. This study was

approved by the Ethics Committee of the Third Affiliated

Hospital of Zhengzhou University (2021-077-01). Nutritionists

supervised and recorded the implementation of weight

reduction by providing substitute meals, telephone follow-up,

and wechat interaction, guided and adjusted according to the

patients’ feedback, and recorded various physical function

indexes after weight reduction. All patients included in the

study were pregnant after IVF/ICSI and delivered successfully.

This study included embryo transfer (ET) and frozen-thawed

embryo transfer (FET) cycles.
Controlled ovarian hyperstimulation,
endometrial preparation, and
embryo transfer

Based on the patients’ condition, a controlled ovarian

hyperstimulation protocol (gonadotropin releasing hormone

agonist (GnRH-a) long-protocols or GnRH-antagonist

protocols) was formulated and follicular growth was monitored

by transvaginal ultrasound. The specific methods of ovarian

stimulation were described in previous publications by

researchers at our center (17). When the diameter of at least

one dominant follicle was more than 20 mm, or the diameters of

three follicles were more than 18 mm, the ovarian

hyperstimulation program was stopped and recombinant

human chorionic gonadotropin (Ezer, Merck, Germany) was

used to trigger ovulation. Thirty-six hours later, the oocytes

were removed under transvaginal ultrasound monitoring.

Routine luteal support was given after oocyte retrieval, and IVF

or ICSI was performed depending on the patients’ condition.

Fresh embryo transfer was performed 3 days after oocyte retrieval

or with blastocyst transplantation 5 days after oocyte retrieval. An

endometrial preparation protocol for frozen-thawed embryo

transfer, including natural cycles, artificial cycles, GnRH-a pre-

treatment in hormone replacement therapy (HRT), and induced

ovulation cycles, was devised based on the patients’ condition.

Natural cycles were applied to patients with regular menstruation,

and they usually induces ovulation with or without minimum

human chorionic gonadotropin (HCG) that results in the least

risk of adverse effects and cost. For convenience, patients with or

without normal menstrual cycles all can be treated with artificial

cycles which were performed using estrogen and progesterone

(18). Artificial cycles can optimize endometrial receptivity with a

more consistent interval, duration, and concentration of estrogen

and progesterone compared to natural cycles. GnRH-a pre-

treatment in HRT cycles were commonly used in patients with

polycystic ovary syndrome to downregulate any hormones

produced by the ovaries in subsequent therapy when using

HRTs (19). Induced ovulation cycles were applied to patients
Frontiers in Endocrinology 03
with abnormal ovulation. Either cleavage-stage embryos were

transferred on the third day after ovulation or blastocysts were

transferred on the fifth day after ovulation. Vaginal ultrasound

was used to monitor the presence of a gestational sac, an embryo,

and a fetal heart rate on day 30 after transplantation. Basic clinical

data and hormone levels were obtained from the case system.

Patients were followed up with telephone calls until the end of

their pregnancy, and any pregnancy complications and neonatal

outcomes were obtained from the medical record system.
Outcome measures

Data related to pregnancy complications and neonatal

outcomes were obtained from a review of the patients’ medical

charts or through follow-up telephone calls. Hypertensive

disorders of pregnancy include the following four categories:

chronic hypertension, gestational hypertension, preeclampsia–

eclampsia, and chronic hypertension with superimposed

preeclampsia (20, 21). Chronic hypertension during pregnancy

is defined as the presence of hypertension before conception, the

development of elevated blood pressure before a gestational age

of 20 weeks, or the persistence of hypertension beyond 12 weeks

after delivery. Gestational hypertension, formerly known as

pregnancy-induced hypertension, is defined as the

development of essential hypertension after 20 weeks of

gestation, in the absence of diagnostic criteria for

preeclampsia. Preeclampsia is defined as new-onset

hypertension that develops after 20 weeks of gestation and is

accompanied by proteinuria or evidence of end-organ

dysfunction. Eclampsia is defined as seizures in a pregnant

woman with preeclampsia with no other identifiable cause.

Gestational diabetes, defined as diabetes diagnosed during

pregnancy, is a condition in which women without a previous

diagnosis of diabetes exhibit abnormal blood glucose

concentrations during pregnancy (22, 23). The incidences of

placenta praevia (24), premature membrane rupture (25), and

stillbirth (26) were also determined. A live birth was defined as

an infant born alive after at least 28 weeks of gestation who

survived more than 28 days, and a postterm pregnancy was

defined as a gestational age > 42 weeks (27, 28). The WHO

defines preterm birth as birth before 37 gestational weeks. Birth

weights < 2500 g were classified as low birth weight, and birth

weights < 1500 g were classified as very low birth weight (27, 29).
Statistical analysis

Continuous variables are presented as means ± standard

deviations and categorical variables are presented as frequencies

and corresponding percentages. The differences between two

groups were assessed using a Student’s t-test for continuous

variables and a Pearson’s chi-square test or Fisher’s exact
frontiersin.org
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probability method for categorical variables. Logistic and linear

regression analyses were used to assess perinatal outcomes. Linear

regression analysis was used to identify the factors influencing

neonatal birth weight. All statistical analyses were performed using

SPSS 22.0 software (IBM, Armonk, NY, USA). Two-tailed P values

< 0.05 were considered statistically significant.
Results

Characteristics of the intervention group
and the control group

Four hundred and ninety-five singletons from mothers who

underwent a weight reduction intervention prior to IVF/ICSI

and 1,886 singletons from mothers who directly entered the

ovulation induction cycle without a weight reduction

intervention were included in this study. The basic

characteristics of the intervention group and the control group

are presented in Table 1. Anti-Müllerian hormone (AMH)

concentration and antral follicle count (AFC) were

significantly higher in the intervention group than the control

group. There were no significant differences in age; infertility

duration; cause of infertility; embryo transfer period;

endometrial thickness on the day of embryo transfer; basal

fo l l ic le-st imulat ing hormone (bFSH) dose; or free

triiodothyronine (FT3), free thyroxine (FT4), and thyroid-
Frontiers in Endocrinology 04
stimulating hormone (TSH) concentrations between the

two groups.
Comparison of blood glucose and insulin
levels between two groups with the
change of BMI

Insulin resistance test and oral glucose tolerance test

(OGTT) results were compared after weight loss (Table 2).

The BMI of the intervention group decreased significantly

after the intervention (P < 0.001), while the BMI of the control

group decreased slightly. Fasting glucose, 1-hour blood glucose,

fasting insulin, 1-hour insulin, 2-hour insulin concentrations,

and HOMA-IR values were lower after the intervention than

before the intervention. The OGTT and insulin resistance test

results did not change significantly in the control group after the

change in BMI.
Comparison of perinatal outcomes
of the intervention group and the
control group

The comparison of perinatal outcomes between the the

intervention group and the control group after adjusting for

confounding factors (age, infertility duration, AMH
TABLE 1 Characteristics of the intervention group and the control group.

Characteristics Intervention group Control group P value

Singleton, n 495 1886

Age (y) 30.2 ± 4.9 30.5 ± 4.4 0.447

Infertility duration (y) 4.0 ± 3.3 3.7 ± 3.0 0.367

Causes of infertility

Polycystic ovary syndrome 178 (36.0%) 639 (33.9%) 0.386

Pelvic and tubal factors 235 (47.5%) 955 (50.6%) 0.211

Hypoovarianism 45 (9.1%) 223 (11.8%) 0.087

Male factor 195 (39.4%) 697 (36.9%) 0.319

Other 48 (9.7%) 199 (10.6%) 0.579

Embryo transfer period

Day 3 203 (41.0%) 845 (44.8%) 0.130

Day 5/6 292 (59.0%) 1041 (55.2%)

Endometrial thickness at that day on embryo transfer (mm) 10.5 ± 2.0 10.4 ± 2.7 0.409

AMH(pmol/L) 31.5 ± 23.4 24.2 ± 22.3 <0.001

AFC 20.3 ± 7.6 18.2 ± 7.5 <0.001

bFSH (IU/L) 7.0 ± 4.1 6.6 ± 4.0 0.281

FT3 (pmol/L) 5.6 ± 0.7 5.0 ± 0.6 0.118

FT4 (pmol/L) 17.2 ± 1.9 16.9 ± 1.8 0.373

TSH (mIU/L) 2.1 ± 0.9 2.7 ± 0.9 0.122
front
Mean + SD/N(%).
SD, standard deviation; AMH, anti-Müllerian hormone; AFC, antral follicle count; bFSH, basal follicle stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid
stimulating hormone.
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concentration, AFC) is shown in Table 3. The incidences of

hypertensive disorders of pregnancy, gestational diabetes,

placenta praevia, premature membrane rupture, premature

delivery, postterm delivery, stillbirth, low birth weight, very

low birth weight, birth defect, and neonatal asphyxia were not

significantly different between two groups. Birth weight was

significantly higher in the intervention group (3519.6 ± 484.8) g

than the control group (3406.8 ± 554.2) g after adjusting for

confounding factors (P < 0.001).
Linear regression analysis of the
influencing factors of birth weight

As shown in Table 4, a linear regression analysis found that a

weight reduction intervention prior to IVF/ICSI and lower
Frontiers in Endocrinology 05
HOMA-IR at ovulation induction were associated with

increased neonatal birth weight. Maternal age, infertility

duration, endometrial thickness at that day on embryo

transfer, AMH concentration, AFC, bFSH dose, TSH

concentration and initial HOMA-IR had no effect on

birth weight.
Comparison of the incidence of perinatal
outcomes with different weight loss ratio

Figure 1 demonstrates the influence of different weight loss

ratios on perinatal outcomes. We divided the entire cohort into

four weight loss ratio groups (≤0%, 0%-5%, 5%-10%, and ≥10%).

With an increase in the weight loss ratio, the incidences of

hypertensive disorders of pregnancy, premature membrane
TABLE 3 Comparison of perinatal outcomes of the intervention group and the control group.

Perinatal outcomes Intervention group Control group Adjusted OR/MD(95% CI) Adjusted P value

Live births, n 493 1877

Hypertensive disorders of pregnancy (rate %)a 38 (7.7%) 178 (9.4%) 0.785 (0.537,1.149) 0.214

Gestational diabetes (rate %)a 30 (6.1%) 155 (8.2%) 0.695 (0.455,1.061) 0.092

placenta praevia (rate %)a 3 (0.6%) 10 (0.5%) 1.112 (0.290,4.266) 0.877

Premature rupture of membranes (rate %)a 15 (3.0%) 74 (3.9%) 0.786 (0.439,1.409) 0.419

Premature delivery (rate %)a 35 (7.1%) 192 (10.2%) 0.804 (0.559,1.156) 0.239

Postterm delivery (rate %)a 0 9 (0.5%) \ \

Stillbirth (rate %)a 2 (0.4%) 9 (0.5%) 0.749 (0.156,3.596) 0.718

Birth weight (g) 3519.6 ± 484.8 3406.8 ± 554.2 106.938 (53.022,160.853) <0.001

Low birth weight (rate %)b 41 (8.3%) 176 (9.3%) 0.875 (0.604,1.268) 0.481

Very low birth weight (rate %)b 4 (0.8%) 18 (1.0%) 0.742 (0.242,2.279) 0.603

Birth defects (rate %)b 0 9 (0.5%) \ \

Neonatal asphyxia (rate %)b 0 4 (0.2%) \ \
Mean + SD/N(%).
SD, standard deviation; OR, odds ratio; MD, mean deviation; CI, confidence interval.
aThe denominator was the number of clinical delivery patients; bThe denominator was the number of live births.
Adjusted factors included age, infertility duration, AMH concentration, AFC.
TABLE 2 Comparison of blood glucose and insulin levels between two groups with the change of BMI.

Item Intervention group P value Control group P value

Initial At ovulation induction Initial At ovulation induction

BMI (kg/m²) 30.9 ± 4.9 27.7 ± 4.5 <0.001 30.3 ± 3.7 29.9 ± 3.8 0.485

Glu0 (mmol/L) 6.0 ± 1.6 5.3 ± 1.3 0.045 5.9 ± 1.5 5.8 ± 1.5 0.702

Glu1 (mmol/L) 9.9 ± 2.4 9.0 ± 1.8 0.003 9.7 ± 3.1 9.7 ± 2.9 0.909

Glu2 (mmol/L) 8.7 ± 1.9 8.4 ± 1.8 0.118 7.3 ± 2.5 7.1 ± 1.4 0.511

INS0 (mU/mL) 20.6 ± 4.0 12.8 ± 3.1 <0.001 19.7 ± 4.1 18.2 ± 3.4 0.244

INS1 (mU/mL) 100.9 ± 34.9 86.8 ± 41.0 <0.001 96.5 ± 27.9 94.9 ± 23.2 0.132

INS2 (mU/mL) 90.2 ± 26.4 83.2 ± 22.8 0.004 87.0 ± 17.4 86.6 ± 15.4 0.493

HOMA-IR 3.5 ± 1.8 2.7 ± 1.3 <0.001 3.3 ± 1.7 3.3 ± 0.9 0.855
front
Mean + SD.
SD, standard deviation; Glu0, fasting blood glucose level; Glu1, 1-hour blood glucose level; Glu2, 2-hour blood glucose level; INS0, fasting insulin level; INS1, 1-hour insulin level; INS2, 2-
hour insulin level; HOMA-IR, homeostasis model assessment of insulin resistance, (Glu0*INS0)/22.5.
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rupture, premature delivery, stillbirth and low birth weight

gradually decreased. However, the incidences of gestational

diabetes and very low birth weight reached their lowest levels

at a weight loss ratio of 5%-10%.
Discussion

Compared with women with a normal BMI, overweight and

obese women have a greater risk of adverse pregnancy outcomes,

including preeclampsia, gestational diabetes, stillbirth, and

cesarean section (30, 31). A meta-analysis confirmed the

increased risk of fetal birth defects (neural tube defects, spina

bifida, cardiovascular abnormalities, ventricular septal

abnormalities, cleft palate, cleft lip and palate, anorectal

malformations, hydrocephalus, and limb reduction) in children

born to obese mothers (32). This may be related to maternal

metabolic disorders (33). Overweight and obesity are also well-

described risk factors for infertility (3). Therefore, identifying an
Frontiers in Endocrinology 06
appropriate weight loss ratio and determining whether weight loss

before ovulation induction is beneficial to perinatal outcomes are

topics of widespread concern. To the best of our knowledge,

weight reduction in obese women scheduled for IVF/ICSI does

not increase the incidence of live births (34, 35) or the cumulative

live birth rate (36). However, Liu et al. (37) reported that an

appropriate amount of weight loss in overweight or obese women

is associated with a significant reduction in the incidence of

perinatal complications. Our study focused on the effect of a

weight reduction intervention for overweight or obese women

prior to IVF/ICSI on perinatal outcomes.

We found that a weight-loss intervention prior to IVF/ICSI

increased neonatal birth weight, and this may be related to

improvements in placental blood flow by reducing insulin

resistance. In a large randomized controlled trial, 290 women

were assigned to a 6-month lifestyle-intervention program

prior to 18 months of infertility treatment (intervention

group) and 290 women were assigned to immediate

infertility treatment for 24 months (control group) (38).
FIGURE 1

Comparison of the incidence of perinatal outcomes with different weight loss ratio. Weight loss ratio, (initial weight-weight at ovulation
induction)/initial weight*100%.
TABLE 4 Linear regression analysis of the influencing factors of birth weight.

Item MD (95% CI) P value

Weight reduction intervention prior to IVF/ICSI 104.794 (50.171~159.418) <0.001

Maternal age (years) 4.118 (-1.121~9.356) 0.123

Infertility duration (years) -3.678 (-10.979~3.622) 0.323

Endometrial thickness at that day on embryo transfer (mm) 5.042 (-3.283,13.367) 0.235

AMH (pmol/L) -0.007 (-1.263~1.249) 0.991

AFC (n) -0.916 (-2.168~0.337) 0.152

bFSH (IU/L) 0.969 (-3.643~5.581) 0.680

TSH (mIU/L) 2.280 (-0.191~4.752) 0.071

Initial HOMA-IR 2.668 (-23.262~28.599) 0.840

HOMA-IR at ovulation induction -31.419 (-58.023~-4.814) 0.021
front
MD, mean deviation; CI, confidence interval; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection; AMH, anti-Müllerian hormone; AFC, antral follicle count; bFSH, basal
follicle stimulating hormone; TSH, thyroid stimulating hormone; HOMA-IR, homeostasis model assessment of insulin resistance.
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Birth weight was higher in the intervention group than the

control group, which is consistent with the results of our study.

In our study, there were no differences in the incidence of

pregnancy complications, including hypertensive disorders of

pregnancy, gestational diabetes, placenta praevia, and

premature membrane rupture, between the intervention and

control groups. These are similar to the findings of Mutsaerts

and Chavarro (6, 38). In a retrospective cohort study,

overweight or obese infertile women who achieved a weight

loss ratio > 10% had higher conception rates and live birth rates

(39), indicating that perinatal outcomes may be improved with

an increased weight reduction ratio. It is worth noting that

excessive weight loss over a short time is discouraged, as it has

been reported to adversely affect ART outcomes (40) and is

associated with an increased risk of adverse pregnancy

outcomes, such as low birth weight and miscarriage (41).

Overall, weight reduction prior to ART is a reliable treatment

method for overweight and obese women preparing for

pregnancy, and the inclusion of weight reduction in the pre-

pregnancy treatment regime of obese infertile patients is

recommended (42).

This study is a retrospective cohort study with limited

sample size. As some patients were followed up by telephone,

recall bias may have been introduced. This study also

enhanced the weight management awareness of patients in

the intervention group during assisted reproductive treatment

and pregnancy stage, but a handful of patients might give up

weight control midway during the whole pregnancy process

which affected the results of our study. Nevertheless,

compared with previous similar studies, the perinatal

outcomes of this study were more comprehensive and the

trend of perinatal outcome incidence rate with the change of

weight loss ratio was explored for the first time. In addition,

there are few studies on the influence of weight reduction in

overweight and obese infertile women receiving IVF/ICSI

treatment on perinatal outcomes, and there are no

guidelines for optimal weight loss rates. Therefore, this

study provides significant references to clinicians and

overweight or obese patients. Meanwhile, more studies and

larger sample sizes are needed to verify the results of this study

and to draw more comprehensive and objective conclusions.
Conclusion

In conclusion, weight reduction intervention prior to IVF/

ICSI may increase neonatal birth weight, reduce maternal blood

glucose concentration, and improve maternal insulin resistance

in infertile overweight or obese women. The present study may

therefore be helpful for patients with excessive BMI to receive a

weight-loss intervention when attending weight counseling

before initiating IVF/ICSI cycles.
Frontiers in Endocrinology 07
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31. Jadresić L, Au H, Woodhouse C, Nitsch D. Pre-pregnancy obesity and risk
of congenital abnormalities of the kidney and urinary tract (CAKUT)-systematic
review, meta-analysis and ecological study. Pediatr Nephrol (2021) 36(1):119–32.
doi: 10.1007/s00467-020-04679-0

32. Stothard KJ, Tennant PW, Bell R, Rankin J. Maternal overweight and
obesity and the risk of congenital anomalies: A systematic review and meta-
analysis. JAMA (2009) 301(6):636–50. doi: 10.1001/jama.2009.113

33. 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(11):e49217.
doi: 10.1371/journal.pone.0049217

34. Einarsson S, Bergh C, Friberg B, Pinborg A, Klajnbard A, Karlström PO,
et al. Weight reduction intervention for obese infertile women prior to IVF: a
randomized controlled trial. Hum Reprod (2017) 32(8):1621–30. doi: 10.1093/
humrep/dex235

35. Moran L, Tsagareli V, Norman R, Noakes M. Diet and IVF pilot study:
short-term weight loss improves pregnancy rates in overweight/obese women
undertaking IVF. Aust N Z J Obstet Gynaecol (2011) 51(5):455–9. doi: 10.1111/
j.1479-828X.2011.01343.x

36. Kluge L, Bergh C, Einarsson S, Pinborg A, Mikkelsen Englund AL, Thurin-
Kjellberg A. Cumulative live birth rates after weight reduction in obese women
scheduled for IVF: follow-up of a randomized controlled trial. Hum Reprod Open
(2019) 2019(4):hoz030. doi: 10.1093/hropen/hoz030
frontiersin.org

https://doi.org/10.1007/s40273-014-0243-x
https://doi.org/10.1016/j.fertnstert.2017.01.017
https://doi.org/10.1016/j.fertnstert.2017.01.017
https://doi.org/10.1080/09513590.2017.1391209
https://doi.org/10.1016/j.fertnstert.2011.07.1100
https://doi.org/10.1016/j.fertnstert.2011.07.1100
https://doi.org/10.1016/j.fertnstert.2012.04.012
https://doi.org/10.1111/obr.12217
https://doi.org/10.1093/humrep/der416
https://doi.org/10.1093/humrep/der416
https://doi.org/10.1093/humupd/dmz011
https://doi.org/10.1016/j.fertnstert.2016.04.021
https://doi.org/10.1097/AOG.0b013e3181da8f09
https://doi.org/10.1016/j.fertnstert.2021.03.044
https://doi.org/10.3390/ijerph17041221
https://doi.org/10.1186/s12884-020-03071-y
https://doi.org/10.1186/s12884-020-03071-y
https://doi.org/10.1016/j.ogc.2018.01.005
https://doi.org/10.1093/oxfordjournals.humrep.a019512
https://doi.org/10.1186/s13048-018-0432-x
https://doi.org/10.1080/19396368.2016.1199064
https://doi.org/10.1080/19396368.2016.1199064
https://doi.org/10.3389/fendo.2022.1014558
https://doi.org/10.1016/j.emc.2019.01.008
https://doi.org/10.1097/01.AOG.0000437382.03963.88
https://doi.org/10.1016/j.ecl.2019.05.001
https://doi.org/10.1016/j.ecl.2019.05.001
https://doi.org/10.1016/j.ogc.2017.02.002
https://doi.org/10.1016/j.ogc.2017.02.002
https://doi.org/10.1111/1471-0528.15306
https://doi.org/10.1515/jpm-2017-0027
https://doi.org/10.1515/jpm-2017-0027
https://doi.org/10.1016/j.ejogrb.2020.11.015
https://doi.org/10.1016/j.fertnstert.2020.08.1435
https://doi.org/10.1097/01.AOG.0000452744.06088.48
https://doi.org/10.1097/01.AOG.0000452744.06088.48
https://doi.org/10.1016/j.siny.2016.08.002
https://doi.org/10.1001/jama.2014.2269
https://doi.org/10.1007/s00467-020-04679-0
https://doi.org/10.1001/jama.2009.113
https://doi.org/10.1371/journal.pone.0049217
https://doi.org/10.1093/humrep/dex235
https://doi.org/10.1093/humrep/dex235
https://doi.org/10.1111/j.1479-828X.2011.01343.x
https://doi.org/10.1111/j.1479-828X.2011.01343.x
https://doi.org/10.1093/hropen/hoz030
https://doi.org/10.3389/fendo.2022.1062790
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Yang et al. 10.3389/fendo.2022.1062790
37. Liu L, Wang H, Zhang Y, Niu J, Li Z, Tang R. Effect of pregravid obesity on
perinatal outcomes in singleton pregnancies following in vitro fertilization and the
weight-loss goals to reduce the risks of poor pregnancy outcomes: A retrospective
cohort study. PloS One (2020) 15(2):e0227766. doi: 10.1371/journal.pone.0227766

38. Mutsaerts MA, van Oers AM, Groen H, Burggraaff JM, Kuchenbecker WK,
Perquin DA, et al. Randomized trial of a lifestyle program in obese infertile women.
N Engl J Med (2016) 374(20):1942–53. doi: 10.1056/NEJMoa1505297

39. Kort JD, Winget C, Kim SH, Lathi RB. A retrospective cohort study to
evaluate the impact of meaningful weight loss on fertility outcomes in an
overweight population with infertility. Fertil Steril (2014) 101(5):1400–3.
doi: 10.1016/j.fertnstert.2014.01.036
Frontiers in Endocrinology 09
40. Tsagareli V, Noakes M, Norman RJ. Effect of a very-low-calorie diet on in
vitro fertilization outcomes. Fertil Steril (2006) 86(1):227–9. doi: 10.1016/
j.fertnstert.2005.12.041

41. Vrebosch L, Bel S, Vansant G, Guelinckx I, Devlieger R. Maternal and
neonatal outcome after laparoscopic adjustable gastric banding: a
systematic review. Obes Surg (2012) 22(10):1568–79. doi: 10.1007/s11695-012-
0740-y

42. Jungheim ES, Macones GA, Odem RR, Patterson BW, Lanzendorf SE, Ratts
VS, et al. Associations between free fatty acids, cumulus oocyte complex
morphology and ovarian function during in vitro fertilization. Fertil Steril (2011)
95(6):1970–4. doi: 10.1016/j.fertnstert.2011.01.154
frontiersin.org

https://doi.org/10.1371/journal.pone.0227766
https://doi.org/10.1056/NEJMoa1505297
https://doi.org/10.1016/j.fertnstert.2014.01.036
https://doi.org/10.1016/j.fertnstert.2005.12.041
https://doi.org/10.1016/j.fertnstert.2005.12.041
https://doi.org/10.1007/s11695-012-0740-y
https://doi.org/10.1007/s11695-012-0740-y
https://doi.org/10.1016/j.fertnstert.2011.01.154
https://doi.org/10.3389/fendo.2022.1062790
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Effect of a 60-day weight reduction intervention prior to IVF/ICSI on perinatal outcomes in overweight or obese infertile women
	Introduction
	Materials and methods
	Study design and patients
	Controlled ovarian hyperstimulation, endometrial preparation, and embryo transfer
	Outcome measures
	Statistical analysis

	Results
	Characteristics of the intervention group and the control group
	Comparison of blood glucose and insulin levels between two groups with the change of BMI
	Comparison of perinatal outcomes of the intervention group and the control group
	Linear regression analysis of the influencing factors of birth weight
	Comparison of the incidence of perinatal outcomes with different weight loss ratio

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


