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Context: Women with polycystic ovary syndrome (PCOS) have increased risk for pregnancy com-
plications, possibly related to pre-existing obesity and excessive gestational weight gain (GWG).

Objectives: To assess the contributions of diagnosis and preconception weight on GWG and
perinatal outcomes.

Research Design andMethods: Prospective cohort study of singleton pregnancies in PCOS (n = 164)
and ovulatory controls (n = 176) from infertility treatment.

Main Outcome Measures: GWG, birthweight, pregnancy complications.

Results: From preconception baseline, normal-weight women with PCOS gained 2.3 pounds more
during the first trimester (95% CI, 0.3 to 4.3; P = 0.02), and by the end of the second trimester, 4.2
pounds more than controls (95% CI, 0.7 to 7.7; P = 0.02). Women who were overweight with PCOS
gained significantly more weight than did controls by the end of the second trimester (5.2 pounds;
95%CI, 0.2 to 10.2; P = 0.04), whereaswomenwith obesity and PCOS and control women had similar
weight gain throughout pregnancy. Within normal-weight, overweight, and obese groups,
prevalence of pre-eclampsia and gestational diabetes did not differ between the PCOS and
control groups, nor was there a difference in birthweight. Preconception body mass index (BMI)
was significantly associated with GWG; for every 1-kg/m2 increase in preconception BMI, GWG
decreased by 0.62 pounds (95% CI, 20.85 to 20.40; P , 0.001).
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Conclusions: Women with PCOS who are of normal weight or are overweight before conception
experience more GWG than do ovulatory controls. Within normal-weight, overweight, and obese
groups, rates of perinatal complications do not significantly differ between women with PCOS and
controls. Preconception BMI is the strongest predictor of GWG. (J Clin Endocrinol Metab 103:
4315–4323, 2018)

Polycystic ovary syndrome (PCOS) is a common
endocrinopathy in women that consists of hyper-

androgenism, chronic anovulation, and polycystic ovaries
and is thought to affect 5% to 18% of reproductive age
women (1, 2). Infertility is one of the most common pre-
senting symptoms (3), and pregnancy outcomes in this group
of women may be influenced by pre-existing metabolic and
reproductive abnormalities (4). Obesity and metabolic ab-
normalities linked to insulin resistance are common among
women with PCOS (5, 6) and may have additive adverse
effects (7). Our own prospective randomized trials (8–10)
and a recent meta-analysis of the epidemiologic literature
have supported an increased incidence of perinatal com-
plications in women with PCOS and their neonates (4).

Additionally, excessive weight gain during pregnancy
has been associated with unfavorable maternal and fetal
outcomes, including gestational hypertension and diabetes
(4). Forty-eight percent of pregnantwomen continue to gain
more than the recommended amount of weight set forth in
the 2009 Institute of Medicine (IOM) guidelines (11).
Numerous studies have elucidated preconception risk fac-
tors for increased weight gain during pregnancy, such as
preconception body mass index (BMI), hypertension, pri-
miparity, and age (12–14). PCOS is thought by some to
predispose to excess gestational weight gain (GWG), al-
though there are mixed data about whether women with
PCOS are prone to excessive GWG compared with control
women (15, 16).

However, it is often difficult to adequately control for
the multiple confounders in such analyses of GWG and
perinatal outcomes because pre-existing obesity, infertility
diagnosis (i.e., PCOS or ovulatory), subfertility per se, and
infertility treatments may have independent effects. For
example, subfertility and its treatment have been associ-
atedwith increased rates of fetal anomalies (17), small-for-
gestational-age (SGA) singleton pregnancies (18), and
iatrogenic multiple pregnancies. Additionally, there have
been few prospective studies to document different rates of
GWG in women with PCOS compared with controls, and
studies have failed to adequately match women who have
PCOS with controls by preconception weight category
(instead of diagnosis alone) (15, 16).

We performed a secondary analysis of two prospective
randomized trials conducted concurrently by the Re-
productive Medicine Network to more accurately in-
vestigate the effect of PCOS [the Pregnancy in Polycystic

Ovary Syndrome II or PPCOS II study (9)] on the risk for
both GWG and related perinatal complications com-
pared with a population of ovulatory women with
normal menses and unexplained infertility (i.e., controls)
[the Assessment of Multiple Intrauterine Gestations from
Ovarian Stimulation or AMIGOS study (19)].

We hypothesized that (1) there is a clinically signifi-
cant difference in GWG between pregestational weight-
matched women diagnosed with PCOS and ovulatory
controls; (2) birthweight adjusted for gestational age in
children from singleton pregnancies as well as prevalence
of pre-eclampsia and gestational diabetes will be similar
between women diagnosed with PCOS and controls
when matched for preconception BMI; and (3) baseline
characteristics, including patient diagnosis (PCOS or
control) and metabolic status (i.e., centripetal obesity,
insulin resistance, metabolic syndrome), can be used to
predict GWG in singleton pregnancies for women with
PCOS. We have not previously published any data specific
to this cohort with a live birth (including baseline charac-
teristics and GWG), other than reporting the pregnancy
outcomes and complications in the primary papers pub-
lished in the New England Journal of Medicine (9, 19).

Material and Methods

Participants and study synopsis
This secondary analysis was designed as a prospective co-

hort study examining all singleton live births (defined in both
trials as a pregnancy delivering $20 weeks’ gestation) that
resulted from the prospective PPCOS II and AMIGOS ran-
domized controlled studies. Women with PCOS (PPCOS II) and
women with unexplained infertility and regular menses
(AMIGOS) were recruited contemporaneously in the same
geographic locations. All women were age 18 to 40 years, with
no limitations on weight in either study and no other major
infertility factors. The PPCOS II study randomly assigned 750
women with PCOS in a 1:1 ratio to clomiphene or letrozole for
up to five cycles of ovulation induction combined with timed
intercourse. PCOS was defined by modified Rotterdam criteria,
and all women were required to have chronic anovulation as a
criterion for ovulation induction. The AMIGOS study ran-
domly assigned 900 women in a 1:1:1 ratio to clomiphene,
letrozole, or gonadotropin therapy combined with intrauterine
insemination for up to four cycles of treatment. In both studies
clomiphene and letrozole were given in a double-blind manner,
but gonadotropin in the AMIGOS study was given open-label.
Participants in both studies were studied in a similar manner by
history, exam, ultrasound, questionnaire, and serum assays that
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were run in a central National Institute of Child Health and
Human Development–supported core laboratory (Core Ligand
Laboratory at the University of Virginia) (20, 21). We have
previously published the quality control for these assays
(20–22), but Supplemental Table 1 includes those measures for
the assays reported in this paper. All participants gave written
informed consent, and studies were institutional review board
approved at each participating center and registered at
ClinicalTrials.gov (PPCOS II: NCT00902382; AMIGOS:
NCT00902382).

Baseline data in this study are reported from the last
recorded study visit before pregnancy. All infertility treatment
within the study ceased with a positive pregnancy test result.
Pregnancies were followed from conception through docu-
mentation of fetal viability (visualization of fetal heart motion
by transvaginal ultrasound) according to protocol and then
patients were referred for prenatal care to their obstetricians.
Prenatal care, delivery, and neonatal records were obtained
systematically as part of the study. Additionally, all participants
were contacted in the puerperium period to confirm the
pregnancy outcome and were queried about their cumulative
pregnancy weight gain because there was often a gap between
the last weight on the prenatal record and weight at delivery
(not routinely obtained on admission to labor and delivery).

Statistical plan
Participants were categorized according to preconception

weight categories (normal BMI, 18.0 to 24.9 kg/m2; overweight
BMI, 25.0 to 29.9 kg/m2; and obese BMI$30.0 kg/m2) because
the IOM-recommended GWG is based on these categories. For
patients with normal BMI, the recommended GWG is 25 to 35
pounds; for patients with overweight BMI, the recommended
weight gain is 15 to 25 pounds; and for patients with obesity, it
is 11 to 20 pounds (23). Baseline preconception weight was
taken from the last measured study weight before conception.
Gestational weights were abstracted from prenatal records.
Total GWG was obtained by patient self-report after delivery
(i.e., how much did they gain from preconception up until
delivery?). Birth weights were collected from delivery records.
The development of pre-eclampsia and gestational diabetes was
determined by the obstetrician and verified by review of the
prenatal and/or delivery records.

Baseline characteristics were compared between women
with PCOS and controls (i.e., women with unexplained in-
fertility) within each preconception weight category using linear
regression, adjusting for treatment (clomiphene, letrozole, or
gonadotropin) and the number of treatment cycles. The natural
logarithmic transformation was applied to insulin and anti-
Müllerian hormone values to meet normality assumptions. The
concordance correlation coefficient was used to assess the
concordance between self-reported GWG and measured GWG
abstracted from prenatal records in a subset of women whose
last measured gestational weight was within 61 week of their
gestational age. Analyses of GWG, pregnancy complications,
and birthweight were performed separately by preconception
weight category (i.e., within normal-weight, overweight, and
obese BMI categories). A quadratic random coefficients model
(24) was used to generate gestational weight curves, adjusting
for treatment and number of treatment cycles, for women with
PCOS and for controls by preconception BMI categories over
the whole pregnancy based on the weights abstracted from
prenatal records. From these curve trajectories, estimates of

cumulative GWG were constructed at 14 weeks, 28 weeks, and
40 weeks to represent the end of each trimester and were
compared between the PCOS and control groups. The distri-
butions of self-reported GWG based on IOM guidelines
(achieved less than recommended weight gain, met recom-
mended weight gain, or exceeded recommended weight gain)
were compared between PCOS and control groups by using
ordinal logistic regression, adjusting for gestational age,
treatment, and number of treatment cycles. The presence of pre-
eclampsia and gestational diabetes was compared between the
PCOS and control groups within each preconception weight
category by using logistic regression, adjusting for GWG,
treatment, and number of treatment cycles. Birthweight was
compared between PCOS and control groups within each
preconception weight category using a general linear model,
adjusting for gestational age, GWG, treatment, and number
of treatment cycles. Birthweight was also classified as SGA,
appropriate-for-gestational-age (AGA), or large-for-gestational-
age (LGA), and rates were compared between PCOS and
control groups via logistic regression. For this particular model,
because of the relatively small sample sizes for some of the
birthweight categories, the data were not analyzed separately by
preconception weight category. One model including all par-
ticipants (normal-weight, overweight, obese) was fit for the
SGA/AGA/LGA outcome, adjusting for preconception BMI as
well as GWG, treatment, and number of treatment cycles. SGA
was defined as below the 10th percentile, AGA as 10th to 90th
percentile, and LGA as above the 90th percentile based on the
revised 2011 birth weight percentiles for neonates (25).

A multiple linear regression model using best subsets re-
gression was fit to identify characteristics that could best predict
self-reported GWG in women with PCOS and controls. Po-
tential predictors for this model were first assessed for collin-
earity, and only variables where the variance inflation factor
was,3 were kept as candidates. The regression model used the
Mallow Cp-statistic as the selection criterion to determine the
best set of baseline characteristics associated with the outcome
of self-reported GWG to enhance the predictive accuracy.
Additionally, a goal of the multivariable model was to de-
termine whether PCOS status (i.e., PCOS vs control) and
preconception BMI, adjusting for treatment and number of
treatment cycles, affected self-reported GWG, so these factors
were forced into the final model. For the final model, two-way
interactions among the final predictors were explored and
subsequently removed if they were not significant. In a similar
manner, a multivariable logistic regression model, using best
subsets regression with the highest-score x2 statistic as the se-
lection criteria, was fit to identify characteristics that could best
predict meeting IOM GWG guidelines (met/not met) in women
with PCOS and controls. All hypothesis tests were two-sided
and all analyses were performed using SAS software, version
9.4 (SAS Institute Inc., Cary, NC) with graphics created using R
software, version 3.2.2 (R Foundation for Statistical Com-
puting, Vienna, Austria).

Results

Baseline characteristics are shown in Table 1. The
number of participants achieving singleton pregnancies
was relatively similar across the two trials (n = 164 PCOS
vs n = 176 controls). Women were categorized as normal,
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overweight, or obese based on their preconception BMI.
Of the women diagnosed with PCOS, 23% were normal
weight, 24% were overweight, and 53% were obese,
compared with 40%, 26%, and 35%, respectively, of the
ovulatory controls.

GWG
Self-reported GWG was available for 141 of 164

women with PCOS and 155 of 176 controls. A subset of
these women (91 with PCOS and 99 controls) whose last
measured gestational weight was within61 week of their
gestational age was used to assess the concordance be-
tween self-reported GWG and measured GWG ab-
stracted from prenatal records. In women with PCOS,
the concordance correlation coefficient between self-
reported GWG and measured GWG was 0.88 (95%
CI, 0.83 to 0.92) and in controls the concordance cor-
relation coefficient was 0.66 (95% CI, 0.54 to 0.76)
(Supplemental Fig. S1). Based on patient self-report, only
34.5% of patients met the IOM-recommended GWG by
their preconception BMI category (Fig. 1). Thirty-three
percent of women with PCOS and 36% of controls met
IOM GWG guidelines. Patients tended to exceed IOM
GWG recommendations, specifically 54.6% of women
with PCOS and 45.8% of controls. Within the overweight
group, the distribution based on IOM GWG guideline
categorizations (less than, met, exceeded recommendation)
was significantly different between women with PCOS and
controls (Supplemental Table S1). There was no evidence
of a difference in the distribution of IOM GWG guideline
categorizations between women with PCOS and controls
for the normal-weight or obese groups. Furthermore, the
average self-reported GWG (adjusting for gestational age,
treatment, and number of treatment cycles) for womenwith
PCOS and controls by preconception BMI categorization

(Supplemental Fig. S2) provided results consistent with the
findings from the IOM GWG guideline categorizations.

Based on measures of weight obtained before con-
ception in each study and those obtained during prenatal
visits in the obstetrician’s office, we modeled weight gain
trajectory curves for women with PCOS and controls by
BMI group over the whole pregnancy (Fig. 2). Based on
these curve trajectories, we examined the cumulative
weight gain from preconception to the end of each tri-
mester (Table 2). In the normal BMI group, weight gain
was significantly higher in women with PCOS than in
controls at each time point, and in the overweight group,
weight gain was significantly higher in women with
PCOS than in controls at the second and third trimester
time points, with no difference in the first trimester. In the
obese group, there were no differences in weight gain
between womenwith PCOS and controls at any trimester
time point. The average absolute weights at each tri-
mester time point are found in Supplemental Table S2.
Plots of individual weight per participant are found in the
Supplemental Figures (Supplemental Fig. S3: normal
BMI group; Supplemental Fig. S4: overweight BMI
group; Supplemental Fig. S5: obese BMI group).

Infant Birth Weights
There were no significant differences in birth weight in

any of the BMI groups between women with PCOS and
controls (Supplemental Table S3). The mean birth
weights for all groups exceeded 3000 g. The prevalence
of SGA, AGA, and LGA infants were similar between
women with PCOS and controls (P = 0.31). Specifically,
women with PCOS had 12 (7.4%), 132 (81.5%), and 18
(11.1%) infants with SGA, AGA, and LGA, respectively,
compared with the numbers in controls: 22 (12.7%)
SGA, 132 (76.3%) AGA, and 19 (11.0%) LGA. When

Table 1. Baseline Characteristics of Women With PCOS and Controls

All Normal

Baseline Characteristic PCOS (n = 164) Control (n = 176) PCOS (n = 37) Control (n = 70)

Age, y 28.3 (3.8) [164] 31.7 (4.3) [176] 27.9 (3.7)a [37] 31.9 (4.4) [70]
Preconception weight, lbc 193.8 (54.4) [164] 166.7 (41.8) [176] 127.8 (12.4) [37] 130.0 (16.2) [70]
Preconception BMI, kg/m2 32.5 (8.8) [164] 27.7 (6.4) [176] 22.0 (1.8) [37] 21.8 (1.7) [70]
Waist circumference, cm 101.8 (19.9) [162] 90.5 (16.8) [175] 77.1 (8.3) [36] 78.1 (8.1) [69]
Systolic BP, mm Hg 118.7 (13.3) [152] 116.5 (12.7) [175] 111.2 (11.8) [32] 112.2 (13.8) [69]
Diastolic BP, mm Hg 75.4 (10.0) [152] 71.6 (8.8) [175] 70.0 (8.9) [32] 68.7 (8.6) [69]
Fasting insulin, mIU/Ld 15.7 (9.3, 29.4) [151] 13.7 (8.0, 29.2) [171] 7.2 (5.0, 11.4)e [32] 10.4 (5.0, 23.6) [70]
Fasting glucose, mg/dL 88.3 (13.4) [152] 83.1 (17.6) [171] 81.4 (9.5) [32] 77.8 (17.9) [69]
AMH, ng/dLd 5.5 (3.2, 9.3) [152] 2.1 (1.3, 3.4) [171] 7.5 (4.9, 12.4)b [32] 2.1 (1.4, 3.6) [69]
Testosterone, ng/dL 54.4 (21.2) [152] 46.7 (20.0) [171] 53.7 (23.9) [32] 45.4 (21.5) [69]
Androstenedione, ng/dL 4.6 (1.6) [151] 4.4 (1.4) [170] 5.2 (1.8)e [32] 4.4 (1.5) [69]
SHBG, nmol/L 49.1 (37.0) [152] 70.8 (36.3) [170] 85.5 (54.5) [32] 91.5 (35.3) [69]
Sebum score 92.1 (51.3) [146] 86.5 (43.4) [169] 97.8 (56.1) [32] 76.6 (39.1) [66]
Ferriman-Gallwey score 14.9 (7.8) [156] 8.1 (6.2) [167] 11.5 (5.5)b [37] 7.5 (5.9) [67]

(Continued)
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examining the prevalence of pre-eclampsia and gesta-
tional diabetes, we noted no differences between women
with PCOS and controls with respect to any pre-
conception BMI category (Table 3).

Multivariable modeling of GWG predictors
We constructed a multivariable model to identify a

subset of preconception characteristics that could best
predict self-reported GWG in women with PCOS and
controls. The candidate pool of potential predictors for
the multivariable model were PCOS status, treatment,
number of treatment cycles, preconception BMI, systolic
and diastolic blood pressure, insulin, glucose, anti-
Müllerian hormone, testosterone, androstenedione, sex
hormone binding globulin, sebum score, Ferriman-
Gallwey score, and estimated gestational age. The final
multivariable linear regression model consisted of five
variables: PCOS status, treatment, number of treatment
cycles, preconception BMI, and fasting insulin. Of these
five, only two were significantly related to self-reported
GWG: preconception BMI and number of treatment
cycles. Preconception BMI was negatively associated
with GWG (i.e., higher preconception BMI is associated
with a lower GWG, b =20.62; 95%CI,20.85 to20.40;
P , 0.001) and number of treatment cycles was nega-
tively associated with GWG (i.e. higher number of
treatment cycles is associated with lower GWG,
b = 21.46; 95% CI, 22.77 to 20.15; P = 0.03) (Sup-
plemental Table S4). With respect to the outcome of

meeting IOM GWG guidelines (met/not met), the final
multivariable logistic regression model consisted of five
variables: PCOS status, treatment, number of treatment
cycles, preconception BMI, and diastolic blood pressure.
Of these five, only diastolic blood pressure was negatively
associated with meeting IOM GWG guidelines (i.e., in-
creasing diastolic blood pressure is associated with a
lower probability of meeting IOM guidelines; OR, 0.97;
95%CI, 0.94 to 0.99; P = 0.02) (Supplemental Table S5).

Discussion

We have examined GWG by preconception BMI cate-
gory in women with PCOS who delivered singleton
gestations and compared these findings to those in a
group of ovulatory control women with normal menses.
We found a significant difference in GWG between
pregestational weight-matched women diagnosed with
PCOS compared with our controls in preconception
normal weight and overweight BMI groups when we
modeled measured weight gain. We confirmed this in our
categorical assessment of self-reported GWG by IOM
guidelines only in women who were overweight with
PCOS. We also confirmed our hypothesis that birth
weight for gestational age was similar between women
with PCOS and controls across all preconception weight
groups. Finally, based on a multivariable model of both
women with PCOS and controls that included the
characteristics of PCOS status, treatment, number of

Table 1. Baseline Characteristics of Women With PCOS and Controls (Continued)

Overweight Obese

PCOS (n = 40) Control (n = 45) PCOS (n = 87) Control (n = 61)

27.8 (3.4)b [40] 31.4 (3.7) [45] 28.6 (3.9)b [87] 31.7 (4.5) [61]
164.1 (162.5) [40] 162.5 (17.5) [45] 235.6 (37.4)b [87] 211.9 (30.2) [61]
27.1 (1.5) [40] 27.1 (1.4) [45] 39.4 (6.0)b [87] 35.0 (4.6) [61]
91.6 (8.2) [39] 87.2 (11.1) [45] 116.5 (12.6)b [87] 107.1 (13.7) [61]

114.5 (10.2) [37] 116.4 (10.7) [45] 123.4 (13.2) [83] 121.5 (11.2) [61]
73.3 (9.3) [37] 72.2 (8.2) [45] 78.4 (9.7)a [83] 74.6 (8.6) [61]

12.3 (7.7, 18.0) [37] 11.7 (8.4, 19.3) [42] 23.2 (15.7, 36.3) [82] 22.8 (11.9, 35.1) [59]
86.7 (12.0) [38] 84.5 (19.7) [43] 91.7 (14.2) [82] 88.1 (13.8) [59]

7.7 (4.6, 13.9)b [38] 2.0 (1.3, 3.2) [43] 4.3 (2.6, 7.0)b [82] 2.1 (1.2, 3.4) [59]
52.8 (18.6) [38] 46.5 (21.8) [43] 55.4 (21.4) [82] 48.3 (16.6) [59]
4.7 (1.7) [38] 4.3 (1.4) [42] 4.4 (1.4) [81] 4.6 (1.4) [59]

44.7 (26.6)e [38] 69.4 (33.0) [42] 37.0 (20.4)e [82] 47.5 (23.3) [59]
102.8 (48.6) [36] 89.8 (34.8) [44] 84.8 (50.0) [78] 95.3 (51.5) [59]
14.9 (7.7)a [35] 9.3 (6.4) [43] 16.5 (8.3)b [84] 7.9 (6.3) [57]

Unless otherwise noted, values are expressed as mean (SD), with number of participants in square brackets. AMH, anti-Müllerian hormone; BP, blood
pressure; SHBG, sex hormone binding globulin.
aP , 0.01 PCOS vs control (adjusted for treatment and number of treatment cycles).
bP , 0.001 PCOS vs control (adjusted for treatment and number of treatment cycles).
cTo convert weight in pounds to kilograms, divide by 2.2.
dMedian and (25th, 75th percentiles), with number of participants in square brackets.
eP , 0.05 PCOS vs control (adjusted for treatment and number of treatment cycles).
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treatment cycles, preconception BMI, and fasting insulin,
we found that preconception BMI and number of
treatment cycles were strongly associated with GWG.

Our findings suggest that both pre-existing obesity
and excessive GWG are contributing factors that should
be considered in addition to the diagnosis of PCOS as risk
factors for perinatal complications in women with PCOS
(4, 8, 26), although the contribution of GWG alone is
likely modest. Our findings are consistent with the
general experience of most women during pregnancy in

which only 30% of women meet IOM guidelines for
GWG (47% of women have excessive and 23% have
inadequate weight gain) (27). Our findings on GWG in
women with PCOS are also consistent with other ob-
servational studies that have supported increased GWG
in women with PCOS compared with controls (3, 15,
16), especially in the third trimester (16). Our study,
however, was able to track GWG from preconception
throughout pregnancy and provided a comparable
weight-matched reference group of ovulatory women
with unexplained infertility. Other studies have docu-
mented that women with increased risk for obesity and
diabetes [i.e. Hispanic women who are overweight
preconception (as opposed to obese)] are more likely to
experience excessive weight gain than the women with
PCOS in our study (28).

Similarly, other studies have reported on the nega-
tive relationship between pregestational weight and
GWG (29). Our study has also provided evidence that
preconception circulating sex steroids (i.e., testoster-
one) are negatively associated with GWG in women
who do not have PCOS. Determining the mechanism of
this finding (assuming this is not a type 1 error) is
beyond the scope of this study, but one possible ex-
planation is that simple obesity in ovulatory women is
associated with higher testosterone levels (30), whereas
in women with PCOS testosterone levels are related to
ovarian and adrenal overactivity, independent of obe-
sity (and therefore not associated with GWG) (31).
Although the potential mechanisms for the finding of
increased GWG in women who were normal or over-
weight with PCOS is beyond the scope of this paper,
we note that there are multiple possible interacting
mechanisms in women with PCOS, such as the un-
derlying insulin resistance augmented by pregnancy, as
well as an increased prevalence of eating disorders and
mood disorders among women with PCOS that could
predispose to excessive GWG. The greatest risk factor
for weight gain may be increasing age, rather than

Figure 1. Scatterplot of self-reported GWG by preconception BMI
(as measured in the studies) for women with PCOS and controls.
Colored symbols indicate whether patients gained less than the
IOM-recommended GWG, met that recommendation, or
exceeded it.

Table 2. Cumulative GWG (Based on Weights Measured in Clinic in Pounds) Estimated at the End of Each
Trimester Compared Between Women With PCOS and Controls by Preconception BMI Category

Normal Overweight Obese

PCOS Control PCOS vs Control PCOS Control PCOS vs Control PCOS Control PCOS vs Control

Trimester
Adjusted

Mean (95% CI)
Adjusted

Mean (95% CI)

Difference in
Adjusted Means

(95% CI)
[P Value]

Adjusted
Mean (95% CI)

Adjusted
Mean (95% CI)

Difference in
Adjusted Means

(95% CI)
[P Value]

Adjusted
Mean (95% CI)

Adjusted
Mean (95% CI)

Difference in
Adjusted Means

(95% CI)
[P Value]

First trimester
(14 wk)

9.4 (7.9–11.0) 7.1 (5.9–8.4) 2.3 (0.3–4.3)
[0.02]

8.3 (6.3–10.3) 6.7 (4.8–8.6) 1.6 (21.1 to
4.4) [0.24]

2.3 (0.6–3.9) 2.9 (1.1–4.7) 20.6 (23.0
to 1.8) [0.63]

Second trimester
(28 wk)

24.4 (21.7–27.2) 20.2 (18.0–22.4) 4.2 (0.7–7.7)
[0.02]

23.9 (20.3–27.5) 18.7 (15.3–22.1) 5.2 (0.2–10.2)
[0.04]

11.2 (8.2–14.2) 12.9 (9.6– 16.2) 21.7 (26.1
to 2.8) [0.46]

Third trimester
(40 wk)

41.7 (37.9–45.4) 36.1 (33.1–39.0) 5.6 (0.8–10.4)
[0.02]

43.0 (38.0–48.0) 33.2 (28.4–37.9) 9.8 (2.9–16.7)
[0.005]

24.3 (20.1–28.4) 27.2 (22.6– 31.8) 23.0 (29.2
to 3.3) [0.35]

GWG is expressed in pounds and was adjusted for treatment and number of treatment cycles. To convert pounds to kilograms, divide by 2.2.
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pregnancy—a longitudinal study of Australian women
showed that during a 10-year period, women with
PCOS consistently and steadily outgained the control
women (32).

The strengths of our study are that women, both those
with PCOS and controls, were systematically and in a
standardized manner characterized before conception by
using similar protocols and identical laboratory analysis
methods in a central core laboratory. Prenatal records
and maternal recall of weight gain after pregnancy in-
formation was collected by using identical protocols and
case report forms.

Many studies must rely on pre-
conception recall of weight or docu-
mentation of weight at some point
distant to conception (33) or start the
GWG measurement from a baseline of
presentation for prenatal care at 8 to
12weekswhen, as our study documents,
substantial differences in weight gain
between groups have already occurred.
We were able to model preconception
predictors of GWG by using a broad
palette of parameters that were obtained
before conception. Our sample is diverse
and multicenter and is representative of
women across the United States. We
were able tomatch for the confounder of
infertility and infertility treatment by
using both cases and controls with a
history of infertility who received similar
treatments.

The limitations include the lack of a
consistent mode of collecting body
weight because we switched from
weights obtained in our sites (using
identical equipment and protocols) to
those obtained during pregnancy in the
doctor’s office or by patient recall.
Unfortunately, women presenting in
labor or for scheduled cesarean de-
livery are not weighed routinely in the
United States, forcing us to model
or to rely on recall to obtain com-
plete GWG. Our sample size is also
relatively small, and thus we were
underpowered to detect possible as-
sociations of GWG and pregnancy
complications. Finally, we were study-
ing infertile women, who have varying
perinatal risks and outcomes compared
with women who conceive without
assistance. For example, women who

conceive singleton pregnancies by assisted reproductive
technology are prone to shorter gestations and infants
with lower birth weights (34). Therefore, our results may
not be generalizable to women who conceive spontane-
ously. Treatments between the two groups also varied
slightly and may have affected outcomes. Women with
unexplained infertility had access to a gonadotropin arm,
triggered ovulation with a human chorionic gonadotropin
shot and an intrauterine insemination thatwere not part of
the treatment protocol of women with PCOS. Prenatal
care was not determined by the study protocol and was
administered by many obstetric providers (and not the

Figure 2. Modeled trajectory curves of GWG by preconception BMI category for women
with PCOS and controls, adjusted for treatment and number of treatment cycles.
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investigators of the study). Varying definitions and
practice patternsmay have affected the perinatal outcomes
of this study.

Interventions in women who were overweight or
obese before conception to reduce weight have not
shown perinatal benefit as projected (10, 35, 36), nor
have the more extensive and larger trials to avoid ex-
cessive GWG demonstrated significant benefit beyond
reduced cesarean delivery rates (37). The interaction
of pregestational weight and GWG on perinatal com-
plications suggests that a combined intervention in
overweight or women with obesity beginning precon-
ception and crossing into pregnancy would be a logical
next step.
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