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Structured Abstract

Objective: To determine if short-term weight change among women with unexplained infertility 

(UI) and polycystic ovary syndrome (PCOS) undergoing ovulation induction is associated with 

live birth.

Design: Secondary analysis of randomized trials

Setting: Multicenter

Patients: 900 women with UI and 750 women with PCOS.

Main outcome measure(s): Live birth

Intervention: Weight assessment as enrollment and start of up to 4–5 cycles of clomiphene, 

letrozole or gonadotropins and intrauterine insemination for women with UI and clomiphene or 

letrozole with regular intercourse for women with PCOS.

Results: Weight data were available for 856 women with UI and 697 women with PCOS. Mean 

weight change was −0.2 ± 0.3 kg among women with UI and +2.2 ± 0.2 kg among women with 

PCOS and did not differ based on treatment allocation. There were 115 women with PCOS 

(16.4%) who gained >3 kg. Increased body mass index (OR=1.04; 95% Cl 1.01–1.07, P=0.02) and 

≥ 3 cycles (OR 16.0, 95% CI 1.79–143.6, P=0.013) was associated with weight gain in women 
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with PCOS. There was no difference in live birth rate among women with PCOS and >3 kg weight 

gain and women with PCOS who did not gain weight (aOR= 0.54; 95% CI 0.26–1.13; P=0.10).

Conclusions: Women with PCOS gained an average of 2.2 kg regardless of the medication 

received while women with UI experienced no short-term weight change during ovulation 

induction. Weight gain in women with PCOS was not associated with live birth rate.

Capsule

Women with PCOS are at risk for weight gain during ovulation induction but weight gain does not 

reduce live birth rate.
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Introduction

Obesity, defined as a body mass index (BMI) of 30 kg/m2 or greater, is associated with 

reduced fecundity and live birth. Women with obesity experience longer time to pregnancy 

and increased ovulatory dysfunction compared to women with normal weight (1). Once 

pregnant, women with obesity are less likely to achieve a live birth due to increased first 

trimester pregnancy loss, as well as stillbirth. This relationship may differ among women 

undergoing fertility treatment based on diagnosis. Women with polycystic ovary syndrome 

(PCOS) and obesity defined as BMI of 35 kg/m2 or greater undergoing ovulation induction 

had lower rates of ovulation, conception, clinical pregnancy and live birth compared to 

women with BMI less than 30 kg/m2, though when BMI was treated as a continuous 

variable the association was observed for ovulation and conception, but not for clinical 

pregnancy or live birth (2). In contrast, women with unexplained infertility (UI) undergoing 

ovarian stimulation with insemination, obesity defined as BMI of 30 kg/m2 was not 

associated with live birth (3).

While BMI is a valuable marker for obesity, weight gain provides additional insightful 

information (4). Women who gain more than 5 kg between adolescence and adulthood 

experience reduced fecundity and longer time to pregnancy compared to women who 

maintain their weight (5). In addition, every 5 kg increase in adult weight was associated 

with a 3% increase in pregnancy loss (6). Women who gained weight during the 12–18 

month prior to a conception were also at increased risk of pregnancy loss (7). Women who 

became overweight or obese between pregnancies and women who remained obese between 

pregnancies were at increased risk for stillbirth compared to normal weight women who 

maintained a normal weight between pregnancies (8). While weight gain as an adult, 

between pregnancies and in the months leading up to pregnancy leads to longer time to 

pregnancy and increased risk of pregnancy loss, less is known regarding short-term weight 

change during fertility treatment and outcomes, particularly among women with different 

infertility diagnoses.

Our objective is to determine if short-term weight change among women with UI and PCOS 

undergoing ovulation induction is associated with live birth.
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Materials and Methods

This is a secondary analysis of data from the Reproductive Medicine Network trials titled 

Assessment of Multiple Intrauterine Gestations from Ovarian Stimulation (AMIGOS) (9) 

and Pregnancy in Polycystic Ovary Syndrome II (PPCOS II) (10). AMIGOS was a 

multicenter trial conducted at 12 United States (U.S.) clinical sites that randomized 900 

couples diagnosed with unexplained infertility to ovarian stimulation with clomiphene, 

letrozole and gonadotropins (Menopur) with intrauterine insemination (IUI) for up to 4 

treatment cycles. Letrozole is not Food and Drug Administration (FDA) approved for 

infertility but has been used off-label for this indication. Women were between 18 and 40 

years of age with regular menses (nine or more cycles per year), had a normal uterine cavity 

with at least one patent fallopian tube, and had a male partner with a semen specimen of at 

least 5 million sperm per milliliter. PPCOS II was a double blind, multicenter trial conducted 

at 11 U.S. clinical sites that randomized 750 women with polycystic ovary syndrome 

(PCOS) to receive clomiphene or letrozole for up to 5 treatment cycles with regular 

intercourse and the intent of conception. The women were between ages 18 and 40 years of 

age, diagnosed with PCOS based on modified Rotterdam criteria (anovulation with either 

hyperandrogenism or polycystic ovaries), had at least one patent fallopian tube and a normal 

uterine cavity, and had a male partner with a sperm concentration of at least 14 million per 

milliliter. Participants in both studies were followed for pregnancy and live birth. An 

Advisory Board and a Data Safety Monitoring Committee appointed by the National 

Institutes of Health and the Eunice Kennedy Shriver National Institute of Child Health and 

Human Development (NICHD) approved the study protocol prior to implementation. 

Institutional Review Board (IRB) approval was obtained at each participating site and each 

participant provided written informed consent for their participation. This secondary 

analysis is exempt based on the University of Rochester IRB criteria.

Participants self-reported age, race, ethnicity, duration of infertility, history of pregnancy, 

prior infertility and number of months attempting conception. Participants underwent an 

enrollment examination consisting of height (cm), weight (kg) and waist circumference 

(cm). Participants were weighed while dressed in light clothing and without shoes and were 

weighted at the same clinic for enrollment and baseline weight assessments. Height was 

measured without shoes. BMI (kg/m2) was calculated using enrollment height and weight. 

Fasting serum samples were obtained at the enrollment visit, frozen at −80°C, and shipped 

on dry ice for analysis at the University of Virginia Ligand Assay and Analysis Core 

Laboratories. Homeostatic model assessment (HOMA) score, a measure of insulin 

resistance, was calculated as fasting insulin x fasting glucose/405. Live birth was defined as 

the delivery of a viable infant. Multi-gestation pregnancies with a live birth of one infant and 

a loss or reduction of a second gestation was classified as a live birth.

Weight change was calculated based on cycle outcome and data availability. If the 

participant achieved a pregnancy, weight change was defined as the weight at the cycle that 

the participant was confirmed to be pregnant minus her weight at the first baseline visit. If 

the participant did not achieve pregnancy, weight change was defined as the weight at the 

cycle 4 visit minus the first baseline weight. If there was no weight data at cycle 4, weight 

change was deemed missing. Weight change was evaluated up to cycle 4 in order to compare 
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parallel data for the women with UI and women with PCOS as women with UI completed 

up to 4 cycles and women with PCOS completed up to 5 cycles. For the analyses limited to 

women with PCOS, weight change was evaluated up to cycle 5. All cycles were consecutive 

in both trials and were complete within 24 weeks of randomization. In women with PCOS, 

the first baseline visit occurred 2–28 days after randomization and the next treatment cycle 

occurred 24–54 days after the first baseline visit in women depending on whether or not 

ovulation occurred. The 14 unique study sites for AMIGOS and PPCOS II were categorized 

into 5 geographic regions for analysis: Northeast, Midwest, Southeast, Southwest and West 

when comparing participants between studies. Similarly, the 11 study sites for PPCOS II 

was categorizing into 5 geographic regions for the analyses confined to women with PCOS.

We considered 3 kg of weight change to be significant given that short term fluctuations in 

body weight generally range from 1 to 2 kg and adults gain on average 0.5 to 1 kg per year 

(11, 12). Parametric continuous data such as weight change are presented as mean ± 

standard deviation, nonparametric continuous data are presented as median (interquartile 

range (IQR)) and categorical data are presented as frequencies and percentages. Differences 

in weight change between women who received letrozole, clomiphene and gonadotropins 

were tested using Chi-square tests and one-way ANOVA tests and the results were stratified 

by diagnosis (UI or PCOS). Differences in continuous baseline characteristics between 

women with PCOS who experienced no weight gain ≤0 kg, women with PCOS who 

experienced minimal weight gain, defined as ≥0 kg but ≤3 kg, and women with PCOS who 

experienced significant weight gain, defined as ≥ 3 kg, were tested using Student t-tests. 

Differences in categorical baseline characteristics were tested using Chi-square or Fisher’s 

exact tests. Pearson’s correlation coefficient test was used to test for an association with 

BMI and weight gain. Multivariable logistic regression modeling was performed to identify 

variables associated with significant weight gain and live birth among women with PCOS. 

The models were adjusted for weight gain, age (years), BMI (kg/m2), treatment allocation, 

history of pregnancy, number of months attempting conception, duration of infertility, 

ovulation, maximum dose of clomiphene or letrozole, number of treatment cycles, site 

region, HOMA-IR and total testosterone level. Associations are presented as odds ratios 

(OR) with 95% confidence intervals. Statistical significance was defined as a two-sided p-

value less than 0.05. Statistical analysis was performed with SAS, version 9.4 (SAS 

Institute).

Results

There were 1650 women eligible for the secondary analysis including 900 with UI and 750 

with PCOS. 44 women with UI and 53 women with PCOS were excluded from the analysis 

due to missing weight data. Of the 856 women with UI, 288 received clomiphene, 283 

received letrozole and 285 received gonadotropins. Of the 697 women with PCOS, 345 

received clomiphene and 352 received letrozole. Women with PCOS were younger 

(P<0.001) and had a higher BMI (<0.001), waist circumference (<0.001) and total 

testosterone (<0.001) (Table 1) (13).

The mean weight change for women with UI and PCOS stratified by treatment cycle is 

shown in Figure 1. Mean weight change from enrollment weight to weight at the initiation of 
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the 4th ovulation induction cycles was −0.2 ± 0.3 kg among women with UI and +2.2± 0.2 

kg among women with PCOS. Mean weight change did not differ among women with UI 

who received clomiphene, letrozole or gonadotropins (P=0.22). Mean weight change did not 

differ among women with PCOS who received clomiphene or letrozole (P=0.52). 

Progressive weight gain with each cycle was observed among women with PCOS (Figure 1).

Given that women with UI experienced minimal weight change during ovulation induction, 

further analysis of predictors of weight gain and outcome was focused on women with 

PCOS. There were 115 women with PCOS (16.4%) who experienced significant weight 

gain, 296 women (42.4%) who experienced minimal weight gain and 286 women (41.0%) 

who maintained their weight (Table 2). There was no difference in weight change when 

stratified by ovulation and weight was treated as a continuous variable (P=0.05) or as a 

categorical variable (P=0.42) (Supplemental Figure 1 and Supplemental Table 1). Women 

who had significant weight gain had increased body mass index (P<0.001), waist 

circumference (P<0.001) at enrollment and were more likely to receive the maximum dose 

of clomiphene or letrozole (P<0.001) and complete more treatment cycles (P<0.001) 

compared to women who maintained their weight or gained minimal weight (Table 2). In the 

adjusted model, increased BMI (OR=1.04; 95% confidence interval 1.01–1.07, P=0.02) and 

3 treatment cycles (OR-16.0, 95% CI 1.79–143.6, P=0.01) were associated with ≥3 kg 

weight gain in women with PCOS (Supplemental Table 2). There was no statistical 

association between baseline BMI and weight gain using Pearson’s correlation coefficient 

test (Correlation: −0.03 P= 0.39).

There were 164 women with PCOS (25.1%) out of 697 subjects who achieved a live birth 

with 13 live births (11.3%) observed among the 115 women with significant weight gain and 

74 live births (25.9%) among the 286 women with no weight gain (P < 0.001). In the 

adjusted model, women with lower BMI, total testosterone, shorter number of months 

attempting conception were more likely to achieve a live birth (Table 3). Weight gain ≥3 kg 

was associated not associated with live birth (OR 0.54, 95% CI 0.26–1.13, P=0.10). 

Completion of 5 treatment cycles was associated with a reduction in live birth (OR 0.10, 

95% CI 0.05–0.18, P<0.001).

Discussion

While obesity is associated with reduced live birth among women trying to conceive, this 

relationship has not been consistently observed among women with PCOS and women with 

UI undergoing fertility treatment. In this secondary analysis, we found that women with 

PCOS undergoing ovulation induction are at risk for short-term weight gain, particularly if 

women enter treatment with a higher BMI and require 3 or more treatment cycles, whereas 

women with UI maintained their weight while treated with the same medications. Weight 

gain of 3 kg or greater among women with PCOS undergoing ovulation induction was not 

associated with live birth.

We identified that increased BMI prior to initiating treatment and requiring 3 or more 

treatment cycles were variables associated with weight gain during ovulation induction 

among women with PCOS. In a study of short-weight change among women undergoing 
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IVF, there was a trend towards weight gain of 1 kg or more among women who were 

overweight or obese based on baseline BMI, though short-term weight gain was not 

associated with live birth in this population nor in our population after adjusting for 

covariates such as the number of treatment cycles (14). Given that this is a secondary 

analysis, we are unable to speculate on mechanism of weight gain during ovulation 

induction for women with PCOS but did not see a difference in weight gain when we 

stratified by ovulation.

We identified differences in weight gain with ovulation induction based on diagnosis, but not 

by medication. The finding that weight gain differs by diagnosis mirrors the finding that 

short-term weight loss may improve live birth among women with obesity and PCOS but not 

women with obesity and other infertility diagnoses. The Lifestyle Trial randomized 577 

women with obesity and infertility secondary to anovulation (46%), UI (28%), male factor 

(23%) and tubal factor (2%) to a 6-month lifestyle intervention followed by fertility 

treatment for 18 months or prompt fertility treatment for 24 months (15). The majority of 

women with anovulatory infertility (78%) were diagnosed with PCOS according to 

Rotterdam Criteria. Fertility treatment was based on the diagnosis and included clomiphene, 

with or without insemination, gonadotropins and in vitro fertilization with or without 

intracytoplasmic sperm injection. Though women who received the lifestyle intervention 

were more likely to have an ongoing pregnancy that was conceived naturally, there was no 

difference in the primary outcome, defined as the number of term vaginal births of healthy 

singletons at 24 months, between the two groups. In addition, post hoc subgroup analyses 

that were limited to women with anovulatory infertility or to women with UI showed no 

significant differences between the groups with respect to the rates of the primary outcome 

or of live births. An ongoing randomized controlled trial of women with obesity and UI 

comparing live birth after increased physical activity and intensive weight loss to increased 

physical activity with standard weight maintenance followed by clomiphene/IUI will 

provide additional data regarding the possible benefits of physical activity for women with 

UI undergoing ovulation induction (16). Additional randomized trials regarding short-term 

weight loss prior to ovulation induction for women with obesity and PCOS showed 

improved ovulation and live birth. The Treatment of Hyperandrogenism Versus Insulin 

Resistance in Infertile Polycystic Ovary Syndrome (OWL PCOS) trial randomized 216 

women with obesity and PCOS to 16 weeks of continuous oral contraceptive pills, lifestyle 

modification or both followed by up to 4 cycles of ovulation induction with clomiphene 

(17). While ovulation was increased among women who received lifestyle modification, 

there was no difference in live birth, though the study was underpowered for this outcome. 

When comparing women who received lifestyle modification followed by clomiphene in 

OWL PCOS to women who received immediate clomiphene in PPCOS II, ovulation rates 

and live birth rates were significantly improved with lifestyle modification (18). While 

clinical guidelines recommend weight loss for women with obesity and infertility(19), 

perhaps recommendations should differ based on diagnosis as short-term weight loss 

appears to improve the odds of natural conception, ovulation and live birth among women 

with PCOS but not women with other infertility diagnosis.

The strengths of our secondary analysis are that the diagnoses and treatment of women with 

PCOS and UI was based on standardized protocols and that baseline and monthly visit 
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weights were available for the majority of participants in the primary trials. While scales 

may differ between clinics, the participants were weighed at the same clinic for baseline and 

monthly visit weights. While women with obesity were counseled about the potential 

benefits of weight loss prior to conception, short term weight loss interventions were not 

offered in the primary trials and women who had undergone weight loss surgery could enroll 

if their weight was stable. Therefore, the weight change we observed was not related to 

weight cycling from recent weight loss. Finally, end of study weight was not included in this 

analysis as this data would reflect variable experiences that could influence weight such a 

recent pregnancy loss or delivery.

Conclusions

In conclusion, women with PCOS are at risk for short-term weight gain while undergoing 

ovulation induction with letrozole and clomiphene, while women with unexplained 

infertility appear to maintain their weight while undergoing ovarian stimulation with 

letrozole, clomiphene and gonadotropins. While short-term weight gain was not associated 

with a reduction in live birth among women with PCOS in this analysis, further research 

should evaluate if short-term weight gain is associated with an increased risk of miscarriage, 

preeclampsia and gestational diabetes in women undergoing fertility treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Mean weight (kg) with standard deviations at enrollment and cycle baseline visits by 
diagnosis/study
Abbreviations: PCOS, polycystic ovary syndrome
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