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Abstract
In a prospective study, 8 women with polycystic ovary syndrome completed 16 weeks of
individualized aerobic exercise training. Independent of changes in body weight and adiposity
there was a significant increase in aerobic fitness and insulin sensitivity and a significant decrease
in the total number of follicles measured by magnetic resonance imaging.

Recently and based initially on studies in obesity and type 2 diabetes, lifestyle modification
has been adopted as the first line of treatment to manage both the reproductive and
metabolic dysfunctions in overweight and obese women with PCOS (1–3). As a result a
surge in clinical studies involving dietary restriction alone (4–7) or in combination with
physical activity programs have been conducted (8,9). Collectively these studies indicate
that a reduction in body weight of at least 5% leads to significant improvements in menstrual
cyclicity, ovulation and biochemical hyperandrogenism in terms of the reproductive
complaints (4,6–9) and improved glucose tolerance and reduced risk for cardiovascular
disease (4,8). One intriguing finding was that in comparison to dietary restriction (800 kcal/
d), aerobic exercise led to a 40% higher rate of ovulation (25% versus 65%, respectively)
and greater improvements in SHBG and testosterone despite less weight loss (10). Aerobic
exercise resulted in a greater reduction in fasting insulin and insulin resistance (HOMA-IR)
suggesting a possible mechanistic link. Exercise-induced changes in visceral fat and ectopic
lipid in non-fatty tissues are probably important components however to our knowledge only
one recent study using single slice computed tomography measured changes in visceral fat
with exercise training in PCOS (11). Studies using magnetic resonance imaging or
spectroscopy are seldom no studies have yet quantified the effects of exercise on the
polycystic ovarian morphology.

As detailed previously (13), eight young (18–30 years), overweight/obese (BMI ≥25 kg/m2)
women with PCOS completed a 16-week study of aerobic exercise. Seven normally cycling
controls (BMI ≥25 kg/m2) were also enrolled to complete baseline testing only. The
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protocol was approved by the PBRC IRB, and volunteers provided informed consent.
Following screening, all subjects were examined at baseline (before training, Week 0) and
after 16 weeks of aerobic exercise training (Week 16). Testing was conducted over 3 days to
measure body composition (by dual X-ray absorptiometry, Hologics QDR 4500A, Bedford,
MA), abdominal adiposity and ovarian morphology (by 3.0T magnetic resonance imaging;
General Electric, Signa Excite HD System, Milwaukee, WI), ectopic lipid in the soleus
muscle and liver (by magnetic resonance spectroscopy; General Electric, Signa Excite HD
System, Milwaukee, WI), VO2max (graded treadmill test; Parvomedics True Max 2400, Salt
Lake City, UT), insulin sensitivity/ glucose disposal rate (by 120 minute 80mU/min/m2

euglycemic hyperinsulinemic clamp) and concentrations of insulin (Linco Research Inc., St.
Charles, MO), free fatty acids (Wako Chemicals ISA, Richmond, VA), total testosterone and
sex hormone binding globulin (Immulite 2000; Siemens Healthcare Diagnostics, Deerfield,
IL). Body weight was measured weekly and participants completed a menstrual cycle diary
prior to each exercise session.

All exercise training was performed under supervision at the PBRC Fitness Center five
times per week. Exercise was prescribed on an individual basis with the objective to achieve
specified exercise energy expenditure (ExEE) per day as previously described (13). Diet was
not controlled throughout the exercise intervention however a standardized eucaloric diet
(35% fat, 15% protein, 50% carbohydrate) was provided 2 days prior to the inpatient
procedures.

Using the mean and standard deviation of glucose disposal rate normalized for fat-free mass;
we estimated the sample sizes required to measure a 10–40% change in glucose disposal rate
(mg/kgFFM/min) from baseline. Using our prospective study design (paired) with a target
power of 80% and the significance level set at α=0.05, we can conclude that 6 subjects are
needed to detect a 20% change in GDR from baseline. The percent change from baseline
was computed as mean±SEM. Non-parametric statistics were used to test for the effect of
exercise and the level of significance for all statistical tests was set at p<0.05.

In comparison to the normal cycling obese controls, the women with PCOS were similar in
body weight and body composition (Table 1). Women with PCOS had increased
concentrations of testosterone and a higher free androgen index (Table 1). Ovarian volume
as well follicle number was increased in women with PCOS (Table 1). There was no
difference in the mean follicle size (data not shown).

All 8 subjects were at least 98% compliant to the exercise program. After the 16 week
exercise program body weight was unchanged (−1±1.7%). While there was a tendency for
fat mass to be reduced by exercise training (−4.6±4.1%). Visceral fat measured by multi-
slice MRI was reduced by −11.6±9.0% and subcutaneous fat by −8.1±5.6%.
Intramyocellular lipid measured in the soleus and tibialis anterior muscles (adjusted for
water peak) was significantly increased from baseline (Table 1).

Resting metabolic rate was similar before and after the training program (Week 0: 1589±88
vs. Week 16: 1593±90, kcal/d) so to was metabolic flexibility or the switch in substrate
oxidation from the fasted to insulin stimulated state. Maximal aerobic uptake was
significantly increased with training by 12±2% (p<0.01). Insulin sensitivity was
significantly increased from baseline by 34±6% (p<0.001) due to an increase in non-
oxidative glucose disposal. Concentrations of free fatty acids were reduced by exercise
training (135±41%, p<0.001).

All subjects had oligo- or amenorrhea at enrollment to the study. Exercise training did not
change total testosterone or sex hormone binding globulin (Table 1). During the 16 week
intervention, 7 out of the 8 subjects (88%) reported at least 2 episodes of normal menstrual
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bleeding. The first reported cycle had a mean length of 41.6±15.4 days and the second
reported cycle 28.8±7 days. There was a significant decrease in the total number of follicles
and the number of follicles measuring between 2–9mm, the criteria for a polycystic
phenotype.

There is a growing consensus that exercise can restore menses and improve insulin
sensitivity without decreasing body weight (11). In support of this, aerobic training in this
study did not result in a significant change in body mass or body composition however
despite exercise compliance and supervised training, there was considerable variability
among the subjects with weight change from +4kg to −6 kg. Intra-individual variability in
weight change is commonly observed in exercise only interventions (14–16). It is postulated
that aerobic training induces metabolic and/or behavioral compensations which attenuate
weight loss in compliant subjects (14–16).

A lowering of metabolic rate and reduction in energy expenditure from non-exercise
activities are primary candidates of metabolic compensation whereas compliance to the
intervention and an increase in dietary intake are examples of behavioral compensation. In
our study compliance was excellent and the change in resting metabolic rate was not
different between those subjects who lost weight and those who did not. We did not impose
a dietary intervention and of course an increase in dietary intake the most likely candidate
for the increase in body weight. Studies in overweight/obese women support an increase in
energy intake with exercise however the extra calories consumed do not equal or exceed the
energy expenditure in exercise (17,18). A major challenge for studies implementing exercise
only interventions in PCOS women is how to handle dietary intake; perhaps dietary
counseling should be provided to maintain dietary intake.

The current study corroborates that improvement in reproductive function in overweight/
obese women with PCOS occurs in parallel with an increase in insulin sensitivity and is not
dependent on a loss of body weight (10,24). We hypothesized that a key player in the
mechanism would be a reduction in visceral fat since using waist circumference, previous
exercise studies point to a possible association between reduced abdominal adiposity and
improved reproductive function (10,24) and central obesity is a hallmark feature of PCOS in
patients (25). However using multislice MRI, while we saw a more than 10% reduction in
visceral fat this was not statistically significant. Although in those subjects who lost weight,
the reduction in visceral fat was 35%. A recent study in 20 young women with PCOS using
a single slice multislice CT scan also observed a 10% reduction in visceral fat after 3 months
of aerobic training (12) indicating that lack of significance in the current report is likely due
to our small sample size. Future studies should explore further the importance of visceral fat
in reproductive function in PCOS.

A novel contribution of this study was the measurement of ectopic fat in the liver and
skeletal muscle by MRS and ovarian morphology by MRI. Aerobic training did not induce
changes in intrahepatic lipid however intramyocellular lipid in the skeletal muscle was
increased. Intramyocellular lipid is increased in obesity (19) and type 2 diabetes (20) and is
related to insulin resistance. However a paradox exists such that highly insulin sensitive
endurance trained athletes have comparable IMCL content to obese and type 2 diabetic
subjects (21). Our study supports the observation that exercise training increases IMCL
content in parallel with insulin sensitivity supporting the notion that the deleterious
characteristic of skeletal muscle metabolism attributed to inactivity in obesity can be
overturned with moderate exercise training (22). For the first time we show that exercise
training reduces follicle number. Without changes in body composition or sex steroids, the
change in insulin sensitivity may explain this finding. An improvement in insulin sensitivity
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with 6 months of metformin treatment in women with PCOS reduced ovarian volume by
~30% and stromal/total area ratio by ~25% as determined by ultrasound (23).

The present study strengthens the recommendation for adopting regular physical activity in
the treatment of metabolic and reproductive function in women with PCOS. Importantly
regular exercise in women with PCOS has benefits that exceed weight loss with
improvement management of the metabolic and reproductive derangements. Exercise
studies of longer duration are needed to carefully characterize the mechanisms between
changes in insulin sensitivity and ovarian morphology, sex steroid concentration and
reproductive function.

CAPSULE

Aerobic exercise without weight loss improves insulin sensitivity and ovarian
morphology in women with PCOS.
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