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Context: Reproductive function may improve after bariatric surgery, although the mechanisms and
time-related changes are unclear.

Objective: The objective of the study was to determine whether ovulation frequency/quality as well
as associated reproductive parameters improve after Roux en Y gastric bypass surgery.

Design: This was a prospective cohort study that enrolled female subjects from 2005 to 2008 with
study visits at baseline and then 1, 3, 6, 12, and up to 24 months after surgery.

Setting: The study was conducted at an academic health center.

Patients: Twenty-nine obese, reproductive-aged women not using confounding medications par-
ticipated in the study.

Main Outcome Measures: The primary outcome was integrated levels of urinary progestin (preg-
nanediol 3-glururonide) from daily urinary collections at 12 months postoperatively. Secondary
outcomes were changes in vaginal bleeding, other biometric, hormonal, ultrasound, dual-energy
x-ray absorptiometry measures, and Female Sexual Function Index.

Results: Ninety percent of patients with morbid obesity had ovulatory cycles at baseline, and the
ovulatory frequency and luteal phase quality (based on integrated pregnanediol 3-glururonide
levels) were not modified by bariatric surgery. The follicular phase was shorter postoperatively [6.5
d shorter at 3 months and 7.9–8.9 d shorter at 6–24 months (P � 0.01)]. Biochemical hyperandro-
genism improved, largely due to an immediate postoperative increase in serum SHBG levels(P �

0.01), with no change in clinical hyperandrogenism (sebum production, acne, hirsutism). Bone
density was preserved, contrasting with a significant loss of lean muscle mass and fat (P � 0.001),
reflecting preferential abdominal fat loss (P � 0.001). Female sexual function improved 28% (P �

0.02) by 12 months.

Conclusions: Ovulation persists despite morbid obesity and the changes from bypass surgery.
Reproductive function after surgery is characterized by a shortened follicular phase and improved
female sexual function. (J Clin Endocrinol Metab 97: 4540–4548, 2012)
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Obesity in women has been linked to a number of ad-
verse reproductive outcomes including anovula-

tion, delayed time to conception, increased rate of mis-
carriage, and later pregnancy complications (1). Obesity
among infertile women seeking pregnancy, and especially
abdominal obesity, (2) has been associated with dimin-
ished response to ovulation induction and with decreased
pregnancy rates (3, 4). Obese women seeking pregnancy
are advised first to lose weight before conception (5), and
some countries (e.g. New Zealand) deny access to publicly
funded infertility treatments to obese women (6).

The mechanisms behind impaired female reproduction
in obese women are poorly understood and likely com-
plex. Obesity is associated with impaired ovulatory func-
tion and depleted or poor egg quality (1), and endometrial
abnormalities that may compromise implantation (7), and
female sexual dysfunction may reduce sexual desire and
frequency of intercourse (8). A potential model for better
understanding the effects of obesity on reproductive func-
tion is bariatric surgery because massive weight loss occurs
in a relatively short period of time, and each person can
serve as their own control when studied sequentially.

Women undergoing bariatric surgery may have improved
ovulatory function, fertility, and pregnancy outcomes
(9–12).

We hypothesized that weight loss per se in obese
women undergoing Roux en Y gastric bypass would result
in improvements in the frequency and quality of ovulation
and sexual function and, furthermore, that such changes
would be linked in a dose-response fashion with the
amount and distribution of weight lost.

Materials and Methods

Subjects
The protocol was reviewed and approved by the Institutional

Review Board at Pennsylvania State College of Medicine.
Women were recruited between 2005 and 2008 and were studied
for up to 2 yr afterward. All subjects gave written informed
consent. Due to the closeout of the grant, the study was termi-
nated on January 1, 2010, and planned visits beyond this date
could not be completed.

Inclusion criteria included age 18–40 yr. The 1991 National
Institutes of Health guidelines for bariatric surgery were fol-

lowed (13): body mass index (BMI) above
40 kg/m2 or a BMI between 35 and 39.9
kg/m2 with a weight-related health prob-
lem, such as diabetes or high blood pressure,
and failed medical weight loss. All subjects
were premenopausal with intact ovaries
and uterus. Furthermore, subjects were not
using hormonal contraceptives or medica-
tions known to affect ovulation or sex ste-
roids and remained off of them throughout
the study. Exclusion criteria included smok-
ing, a history of alcohol or substance abuse,
pregnancy, and an unwillingness to use bar-
rier contraception, if sexually active, after
the gastric bypass surgery. Subjects with
obesity caused by hypothyroidism, Cush-
ing’s syndrome, or by genetic predisposition
were excluded. We limited our study to sub-
jects who had undergone Roux en Y gastric
bypass.

Visits
There were six visits planned during the

study. A preoperative study visit was per-
formed 1 month before gastric bypass sur-
gery and then visits at 1, 3, 6, 12, and 24
months after surgery. At each visit, a histo-
ry/physical examination was performed,
menstrual diaries were collected, facial
sebum was measured, fasting blood was ob-
tained, body composition was obtained
with dual-energy x-ray absorptiometry
(DXA), and daily urine collections were re-
trieved. Subjects were instructed to collect
first void daily urine samples from the pre-
operative visit until 1 month afterward and

CONSENTED AND SCREENED (n=41)

Reasons: 
Decided against surgery (n=6) 
Unable to comply (n=1) 
Medical condition (n=1) 
Lost to follow-up (n=2) 
Outside of window for baseline 
visit (n=2) 

Screen Dropouts (n=12) Enrolled (n=29)

2 Dropped after baseline visit (1-month 
pre-surgery): 
Non-compliant (n=2) 

2 Dropped after 1 month: 
Non-compliant (n=1) 
Unable to start IV (n=1) 

3 Dropped after 3 months: 
Non-compliant (n=2) 
Severe Depression (n=1) 

5 Dropped after 6 months: 
Non-compliant (n=2) 
Pregnancy (n=3) 

8 Dropped after 12 months: 
Non-compliant (n=2) 
Pregnancy (n=2) 
Hysterectomy (n=1) 
Study closed (n=3) 

Completed the Study (24 months) n=9 
Total Dropout n=20 

FIG. 1. Flow chart of subjects in the study.
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then for a month before each subsequent visit. Visits were sched-
uled to correspond with regular bariatric surgery follow-up and
were therefore independent of menstrual phase. We did not ob-
tain ultrasounds or sexual function questionnaires at the 24-
month visit.

Physical examination
Height and weight were obtained in the General Clinical Re-

search Center at Penn State University on the same scale and
stadiometer throughout the study, and waist circumference was
measured. Hirsutism was assessed by trained study personnel
using the modified Ferriman-Galwey score (14). Facial lesion
counts of open and closed comedones (noninflammatory lesions)
were obtained from the forehead, left and right cheeks, nose, and
chin by trained study personnel (15). We also obtained sebum
measures on the face with a sebumeter from the left, center, and
right portions of the forehead and summed the results (15).

Dual-energy x-ray absorptiometry
Body composition data were determined using the fan-beam

mode by DXA using a Hologic QDR-4500W bone densitometer
(Hologic Inc., Bedford, MA) (16). Subregion analysis of android
(abdominal) and gynoid (hip) fat was modeled (17). We could
not obtain DXA scans on women weighing greater than 300 lb
due to machine limitations.

Ultrasound scan
A transvaginal ultrasound of the pelvis was performed before

and 6 and 12 months after surgery (14). Endometrial thickness
in the sagittal plane was measured, the largest follicle/cyst on

each ovary was measured, and volume of the ovary was calcu-
lated using the formula for a prolate ellipsoid (14).

Questionnaire
Before and 12 months after bariatric surgery, subjects filled

out the Female Sexual Function Index (FSFI), a brief multidi-
mensional scale for assessing sexual function in women. The
scale has received initial psychometric evaluation, including
studies demonstrating reliability, convergent validity, and dis-
criminate validity (18).

Assays
Fasting serum from each visit was assayed for estradiol, pro-

gesterone, testosterone, and SHBG as previously reported (19).
Urinary estrone 3-glucuronide (E13G) and pregnanediol 3-gluc-
uronide (Pd3G) were measured in triplicate using competitive,
double-antibody, time-resolved fluoroimmunoassays as previ-
ously described, (19, 20), and values were divided by urinary
creatinine concentrations to standardize for urine flow rate (19,
20). All assays had a coefficient of variation of 10% or less (19).
Urine samples with concentrations of E13G, Pd3G, and creati-
nine that were each virtually identical for 2 or more sequential
collection days were considered to be derived from the same void
and omitted from analyses.

End points of menstrual cycle function
Parameters of menstrual cycle function are defined in Sup-

plemental Table 1, published on The Endocrine Society’s Jour-
nals Online web site at http://jcem.endojournals.org. In brief,
menstrual cycle length was defined by the onset of menses as

TABLE 1. Baseline characteristics and change after bariatric surgery in biometric, DXA, and urinary menstrual cycle
function parameters

1 month before
surgery (baseline)

Mean (SD)

1-month postsurgery
change from baseline

3-month postsurgery
change from baseline

Estimate (95% CI) P value Estimate (95% CI) P value
Biometric parameters

Weight (kg) 132 (17) �15 (�17, �14) �0.001 �29 (�31, �27) �0.001
BMI (kg/m2) 49 (7) �6 (�6, �5) �0.001 �11 (�11, �10) �0.001
Waist (cm) 129 (16) �8 (�12, �3) �0.001 �23 (�28, �17) �0.001
Ferriman-Gallwey score 15 (8) 0.4 (�0.2, 0.9) 0.20 0.6 (�0.1, 1.4) 0.10
Total acne count (comodones�papules�

pustules)
12 (15) 3.3 (�0.2, 6.8) 0.06 2.7 (�1.8, 7.1) 0.24

Total sebumeter reading (left�center�
right)

239 (128) �38 (�100, 24) 0.22 �61 (�135, 13) 0.10

DXA parameters
Total bone mineral density (g/cm2) 1.19 (0.08) 0.01 (0.00, 0.02) 0.22 0.01 (�0.01, 0.02) 0.38
Bone mineral content (g) 2500 (315) 32 (4, 59) 0.02 16 (�19, 51) 0.36

Lean (kg) 57 (5) �5 (�7, �4) �0.001 �8 (�9, �6) �0.001
Fat (kg) 60 (8) �7 (�9, �6) �0.001 �17 (�19, �14) �0.001

Android fat (kg) 6 (1) �1 (�1, 0) �0.001 �2 (�2, �1) �0.001
Gynoid fat (kg) 8 (2) �1 (�1, �1) �0.001 �2 (�3, �1) �0.001

Urinary menstrual cycle function parameters
Menstrual cycle length (d) 37.2 (24.6) �2.5 (�9.4, 4.3) 0.47 �2.9 (�8.9, 3.1) 0.34
Follicular phase length (d) 22.0 (12.5) �3.2 (�8.4, 2.1) 0.23 �6.5 (�10.5, �2.4) 0.002
Luteal phase length (d) 12.2 (2.4) 3.8 (0.4, 7.2) 0.03 0.0 (�2.6, 2.6) 0.99
28-d E13G AUC (ng/mg creatinine) 565 (338) �86 (�202, 31) 0.15 �22 (�104, 60) 0.59
Luteal Pd3G AUC 5 (�g/mg creatinine) 104 (69) �10 (�48, 28) 0.59 25 (�3, 53) 0.08
Ovulatory cycles (%) 90.0 (30.5) 9.9 (�2.4, 22.3) 0.11 10.0 (�0.4, 20.5) 0.06
Creatinine (mg/ml) 1.13 (0.35) 1.16 (0.87, 1.46) �0.001 0.94 (0.64, 1.24) �0.001

CI, Confidence interval; AUC, area under the curve.
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previously described (21). Follicular phase length was defined
by the onset of menses through the day of luteal transition, an
index of ovulation when the E13G to Pd3G ratio sharply drops
with the transition of steroidogenesis (22). Luteal phase length
was defined as the cycle length minus follicular phase length.
Vaginal bleeding was recorded and analyzed as the number of
bleed days (including spotting) within the defined menses (see
above), within a bleeding interval that includes menses plus
adjacent bleeding days (allowing 2 d nonbleeding before or
after menses), and within the cycle. Endocrine endpoints of men-
strual cycle function were derived from urinary E13G and Pd3G
measurements using previously described algorithms (see Sup-
plemental Table 1) (9, 21, 23).

Statistical analysis

Primary outcome
The primary outcome was the change in area under the curve

for urinary Pd3G during the luteal phase (9) for the cycle closest
to the monthly visit at 12 months (and for those who continued
also at 24 months). We chose this as a measure both of frequency
and quality of ovulation [i.e. elevated integrated progestin levels
indicate luteal phase adequacy (9)]. A sample size of 20 women
was calculated to have at least 86% power to detect an effect size,
absolute difference in means divided by the SD, of 0.9 between
any two visits using a two-sided test with a familywise type I error
of 0.05. The familywise type I error of 0.05 accounts for multiple
comparison testing in the final analysis. Secondary outcomes
included other parameters of ovulatory function (length of men-
strual cycle and follicular phase and luteal phase, rate of ovula-
tion, and urinary endocrine end points) as well as changes in

biometric data, DXA data, circulating hormones, and sexual
function.

Mixed-effects models were used to test for changes in the
primary and secondary end points after surgery. A separate
model was fit for each end point. Data were analyzed at six time
points: before and 1, 3, 6, 12, and 24 months after surgery.
Contrasts were constructed to compare each postsurgery time
point to the presurgical time point.

A preliminary analysis was conducted to compare the non-
conception cycles of five women who became pregnant during
the study with the women who did not become pregnant. Of 46
menstrual cycle function end points (see Supplemental Table 1),
only four differences were observed (P � 0.05) for the women
who eventually became pregnant: the day of follicular E13G rise
onset was delayed, the midluteal Pd3G level was lower, one of
five indices of the luteal Pd3G area under the curve was lower,
and the rate of midlate luteal Pd3G drop was slower. Therefore,
a variable for pregnancy was not included in the final mixed-
effects models. All hypothesis tests were two sided, and results
were reported as the mean change from before surgery (baseline)
with the corresponding 95% confidence interval. All calcula-
tions were done with SAS (version 9.2; SAS Institute, Inc., Cary,
NC). Statistical significance was considered to be P � 0.05.

Results

We enrolled 29 subjects in the study (see flow chart in Fig.
1). The mean � SD age of the enrolled subjects was 34.5 �
4.3 yr. Forty-eight percent self-reported regular menses

TABLE 1. Continued

6-month postsurgery
change from baseline

12-month postsurgery
change from baseline

24-month postsurgery
change from baseline

Estimate (95% CI) P value Estimate (95% CI) P value Estimate (95% CI) P value

�40 (�43, �37) �0.001 �50 (�54, �45) �0.001 �51 (�59, �44) �0.001
�15 (�16, �13) �0.001 �18 (�20, �17) �0.001 �19 (�22, �16) �0.001
�30 (�37, �23) �0.001 �37 (�46, �28) �0.001 �41 (�53, �29) �0.001
0.6 (�0.5, 1.6) 0.28 0.1 (�1.4, 1.5) 0.92 0.0 (�2.5, 2.5) 0.99
1.1 (�4.4, 6.7) 0.69 �1.6 (�8.8, 5.5) 0.65 �2.6 (�12.5, 7.3) 0.60

�77 (�161, 8) 0.07 �63 (�163, 38) 0.22 �79 (�199, 41) 0.19

0.00 (�0.02, 0.02) 0.68 0.00 (�0.03, 0.02) 0.87 �0.03 (�0.07, 0.01) 0.20
�24 (�68, 20) 0.29 �61 (�123, 1) 0.05 �127 (�225, �29) 0.01
�9 (�11, �7) �0.001 �11 (�14, �8) �0.001 �13 (�16, �9) �0.001

�26 (�29, �23) �0.001 �33 (�37, �29) �0.001 �34 (�39, �28) �0.001
�3 (�3, �2) �0.001 �4 (�4, �3) �0.001 �4 (�4, �3) �0.001
�3 (�4, �3) �0.001 �4 (�5, �3) �0.001 �4 (�5, �3) �0.001

�6.0 (�11.7, �0.3) 0.04 �4.4 (�10.3, 1.4) 0.14 �4.1 (�10.6, 2.4) 0.21
�8.2 (�12.3, �4.2) �0.001 �7.9 (�12.1, �3.7) �0.001 �8.9 (�13.9, �3.9) �0.001

0.8 (�1.9, 3.4) 0.57 0.8 (�2.0, 3.7) 0.56 0.0 (�3.4, 3.4) 1.00
9 (�72, 90) 0.82 15 (�68, 99) 0.71 �38 (�137, 61) 0.44
0 (�28, 27) 0.98 27 (�3, 57) 0.08 21 (�14, 56) 0.23

10.1 (0.2, 20.0) 0.05 10.0 (�0.5, 20.8) 0.06 0.1 (�13.1, 13.3) 0.98
0.58 (0.27, 0.89) �0.001 0.40 (0.08, 0.72) 0.02 0.13 (�0.23, 0.49) 0.47
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and 52% irregular menses. Most women (52%) were also
nulligravid at baseline. Five women conceived after sur-
gery, four of whom had prior pregnancies. We noted sig-
nificant reductions vs. baseline in weight and waist cir-
cumference at 12 and 24 months (Table 1).

Our primary end point, luteal phase Pd3G, did not
change over the course of the study, nor did frequency
of ovulation and areas under the curve for whole-cycle
E13G (Table 1). Similarly, luteal phase length, vaginal
bleeding, and an array of additional endocrine param-
eters of menstrual cycle function remained consistent
over the 24-month study period (Supplemental Table
2). In fact, the menstrual cycle endocrine profiles are
remarkably similar at each of the six time intervals
across the study (Fig. 2). Urinary creatinine concentra-
tions increased during the initial months after surgery
but declined over time (Table 1).

Follicular phase length was 6.5 d shorter within 3
months after surgery and 7.9–8.9 d shorter 6–24 months
after surgery (P � 0.001) (Fig. 3 and Table 1). This effect
was also manifested in the reduction of three other men-
strual cycle function parameters: days from E13G rise on-

set to ovulation (P � 0.012), day of
Pd3G peak (P � 0.002), and suggested
by day of E13G peak (P � 0.06) (Sup-
plemental Table 2). We noted a signif-
icant decrease in the overall menstrual
cycle length at 6 months after surgery
(P � 0.04) but not 12 months.

Female sexual function improved
significantly at 12 months (21.2 � 9.6
at baseline vs. 27.1 � 7.4 at 12 months;
P � 0.02). The sexual desire and
arousal domains increased the most.
We noted no significant change in mea-
sures of sebum, hirsutism, or acne
scores. However, both testosterone and
SHBG serum levels changed signifi-
cantly at 12 and 24 months. The main
increase in SHBG occurred immedi-
ately within 1 month of surgery (P �
0.001), whereas testosterone declined
primarily in the 3-month postoperative
period (P � 0.002) and estradiol only at
month 6 (P � 0.03) (Fig. 4). There were
no changes in progesterone concentra-
tions over the study (data not shown).

We noted no significant change in
total ovarian volume (right plus left
ovarian volume) over 12 months
(16.1 � 13.1 cm3 at baseline, 17.2 �
9.4 at 6 months, and 13.3 � 6.4 at 12
months, P � 0.70) or in the size of the

largest follicle on either ovary (12.0 � 9.4 mm at baseline,
12.6 � 7.4 at 6 months, and 8.6 � 2.9 at 12 months, P �

0.16) or in the endometrial thickness (6.2 � 3.0 mm at
baseline, 6.0 � 3.2 at 6 months, and 5.7 � 3.8 at 12
months, P � 0.63).

Body composition showed significant decreases in ab-
solute total, fat, and lean mass at 12 and 24 months. In
relative terms, the percent lean mass and bone mass in-
creased, whereas the percent fat mass decreased (Fig. 5).
Although there was a significant decrease in bone mineral
content at 24 months, bone mineral density did not
change. We found a preferential loss of gynoid fat early
after bariatric surgery, but the ratio of android to gynoid
fat continued to decline significantly at 12 and 24 months.
We modeled the change in fat by DXA, both total and by
subregion (android/gynoid), with change in a number of
parameters of reproduction including sebum, acne, and
hirsutism scores, serum testosterone, SHBG, and FSFI
score and found no significant associations (data not
shown).

FIG. 2. Urinary concentrations (means � SE) of E13G (top panel) and Pd3G (bottom panel)
plotted relative to onset of menses, ovulation, and the end of the cycle for samples collected
one month before and 1, 3, 6, 12, and 24 months after women underwent bariatric surgery.
Values are corrected for creatinine.
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Discussion

Our study followed up a cohort of morbidly obese repro-
ductive-aged women for up to 2 yr after Roux en Y gastric
bariatric bypass surgery to examine the changes in repro-
ductive function and body composition. We found that

morbid obesity and weight loss had relatively little effect
on the ovarian cycle, other than to substantially shorten
the follicular phase. Furthermore, we showed no time-
related changes, either as a result of surgery and the en-
suing decreased caloric intake or as a result of long-term
weight loss. We found no skin changes (sebum, acne, or
hirsutism scores) with weight loss, and bone mineral den-
sity was maintained despite massive weight loss (24). Fi-
nally, we noted a significant improvement in female sexual
function 12 months after surgery. Our study, despite its
limitations, to our knowledge is the largest, most compre-
hensive (in terms of study of biometric, urinary, serum,
ultrasound, and DXA parameters), and longest study (up
to 24 months postoperatively) of female reproductive
function before and after Roux en Y gastric bariatric
surgery.

The high ovulation rates (�90%) at baseline and
throughout the postoperative period exceeded our expec-
tations, especially because so many subjects had reported
irregular menses at baseline. We attribute this to two main
factors. One is our selection criteria of obese healthy
women off confounding medications likely to be used by
women with menstrual disorders at baseline (such as hor-
monal contraceptives). The second is the unreliability of a
menstrual history as a marker of ovulation in the light of
our finding of prolonged follicular phases with baseline
obesity. Thus, a prolonged intermenstrual interval may
not reflect anovulation, analogous to the unreliability of

the self-report of regular menstrual cy-
cles in the context of female hyperan-
drogenism, in which studies have
shown that 20–50% of these self-re-
ported regular cycles may be anovula-
tory (25–27).

Obesity is associated with increased
length of menstrual cycles, primarily
due to lengthening of the follicular
phase, i.e. beyond 14 d (28, 29). The
luteal phase is characterized by corpus
luteum progesterone production, with
a rise in serum and urinary progestins,
and its duration is typically less variable
than the follicular phase (30). How-
ever, the luteal phase may shorten with
increasing BMI (31). The most detailed
previous study of the effects of weight
loss after bariatric surgery on the ovar-
ian cycle noted an increase in luteal uri-
nary Pd3G levels and a shortening of
the time to peak levels, although both of
these were less than in a control group
of normal-weight women (9). We noted

FIG. 3. Lengths (means � SE) of the follicular phase and luteal phase 1
month before and 1, 3, 6, 12, and 24 months after bariatric surgery.
*, P � 0.05 and **, P � 0.01 for change after surgery.

FIG. 4. Serum testosterone levels (A), serum sex hormone binding globulin (SHBG) levels (B),
free androgen index (FAI) (C), serum estradiol levels (D), 1 month before and 1, 3, 6, 12, and
24 months after bariatric surgery. *, P � 0.05 and **, P � 0.01 for change after surgery.
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no change in the luteal phase function with weight loss,
either by our primary outcome of peak urinary luteal pro-
gestin levels or other parameters of luteal function.

Despite a shortening of the follicular phase by 8–9 d,
weight loss caused by bariatric surgery was not associated
with significant changes in menstrual cycle (except at 6
months postoperatively) or luteal phase lengths or amount
of vaginal bleeding. The failure to detect this at 12 months
may be due to a limited sample size due to dropout from
pregnancy and other reasons. The impact of a shortened
follicular phase on fertility has been associated with vary-
ing outcomes in the literature, although most commonly it
is associated with reduced fecundity, often in the context
of ovarian aging. Khalil et al. (32, 33) reported lower fer-
tility with longer and shorter follicular phases in intra-
uterine insemination. Shorter follicular phases in infertile
women have been associated with lower pregnancy rates
(34). Broom et al. (35) reported no link between fertility
and follicular phase length. Given these inclusive reports,
we may surmise that the shortening of the follicular phase
with weight loss represented a normalization of this pa-
rameter rather than an abnormality.

The mechanism for a shorter follicular phase affecting
fertility is beyond the scope of this study, although it could
affect both the endometrium or oocyte quality. The pos-
sibility of increased fecundity in our cohort after bypass is
suggested by the observation that five women achieved
pregnancy spontaneously in our cohort. Yet ovulation
rates started and remained high and mostly unaffected by
weight loss and most who conceived (80%) had done so in
the past. In fact, endocrine outcomes of menstrual cycle
function were similar between women who became preg-
nant and those who did not. The most significant change
in reproductive function was the marked improvement in
sexual function as detected by the FSFI, similar to that
noted by other groups (8). This was independent of
changes in hormonal parameters and body composition.
We did not track intercourse or the individual desire to

conceive during this study, but im-
proved sexual desire may have led to
increased frequency of intercourse.
Furthermore, it is possible that other
previously unexplored factors, such as
loss of perineal fat allowing for deeper
vaginal penetration during intercourse
and a shorter distance of the ejaculate
to the oocyte, may also be critical fac-
tors for pregnancy.

Our subjects had evidence of ab-
dominal obesity, which has been asso-
ciated with a relative hyperandro-
genism due to increased testosterone
levels and suppressed SHBG levels (36).

We noted a modest improvement in biochemical hyperan-
drogenemia but no significant changes in clinical hyperan-
drogenism despite massive weight loss and preferential
loss of central obesity. Furthermore, the rapid increase in
circulating SHBG is analogous to immediate improve-
ments in glucose and insulin levels in type 2 diabetes after
gastric bypass, (37) and are likely related to these changes
(38, 39).

Our study has several potential weaknesses. These in-
clude our limitation of studying only one type of bariatric
surgery procedure (i.e. Roux en Y), subject dropout, lack
of a control group, a focus on surrogate outcomes of
reproduction rather than pregnancy and live birth, and
our interesting findings of urinary creatinine. We nar-
rowed our study to Roux en Y bypass surgery because
the effects on weight loss, satiety, and endocrine func-
tion may vary between bariatric procedures, and we
wanted to eliminate this confounder (40). Furthermore,
this is the most commonly performed bariatric procedure
in the United States. Dropout was due both to noncom-
pliance and unexpected pregnancy. Our retention rates
were, however, superior to other detailed studies in the
field, and our duration of 2 yr follow-up exceeds compa-
rable studies (9). We did not have a control group because
our study was designed such that each subject would serve
as her own control. A randomized trial would offer a bet-
ter design, but there are few adequate randomized studies
of bariatric surgery (41).

One of the strengths of our study are the well-validated
urinary steroid assays, especially our Pd3G assay, which
underwent intensive validation including correlation with
other urinary assays, serum levels, and ultrasound moni-
toring of cycle changes (20). More frequent appropriately
timed serum hormonal measures and ultrasound determi-
nations of follicular development would have added fur-
ther support to our urinary findings of frequent ovulation,
but we deemed the additional study visits to be an undue

FIG. 5. Android/gynoid fat ratio (left), and percent body composition with fat, bone, and
lean muscle mass (right) (means � SE) 1 month before and 1, 3, 6, 12, and 24 months after
bariatric surgery as determined by DXA. *, P � 0.05 and **, P � 0.01 for change after
surgery.

4546 Legro et al. Bariatric Surgery on Reproductive Function J Clin Endocrinol Metab, December 2012, 97(12):4540–4548

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/97/12/4540/2536517 by guest on 20 August 2022



burden to subjects in the immediate postoperative recov-
ery period and to those traveling a long distance for their
care. This assay in diverse female populations has reliably
measured appropriate profiles of Pd3G in many hundreds
of menstrual cycles that range from ovulatory to anovu-
latory (19, 21–23, 42).

Urinary hormone levels were corrected for urine flow
rate using creatinine concentrations, which doubled
within 1 month after surgery but returned to presurgical
levels by 24 months, and may have confounded our re-
sults. We suspect this postoperative increase in creatinine
levels may be due to a combination of reduced hydration
secondary to gastric restriction and/or increased catabo-
lism of fat and lean muscle mass during the period of ex-
ponential weight loss (43). If creatinine production in-
creased due to heightened catabolism, this could
potentially mask endocrine patterns after adjustment. Im-
portantly, however, endocrine indices remained unaf-
fected by surgery at 24 months after surgery when urinary
creatinine levels had returned to presurgical levels. Assay
specificity characteristics make it unlikely that measure-
ment of creatinine was biased by a urine matrix effect that
may have potentially occurred due to altered metabolism
after surgery (44).

In conclusion, we found the effects of weight loss on
reproductive function to be more modest than we hypoth-
esized. Ovulation rates and the quality of ovulation appear
to be relatively unaffected by morbid obesity or body com-
position, severe caloric restriction after gastric bypass sur-
gery, or long-term weight loss. Thus, in terms of ovulation,
there appears to be no fertile window in relation to the
surgery, but rather the door appears open at all times.
Furthermore, hyperandrogenism changes minimally. Sex-
ual function, in comparison, improves significantly. Fu-
ture studies should aim to more carefully study sexual
function or other mechanisms of improved fertility in
women who undergo bariatric surgery. In the interim, our
study suggests that pregnancy is possible in all women
considering or undergoing gastric bypass surgery.
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