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Abstract
Purpose—Women with polycystic ovary syndrome (PCOS) commonly have insulin resistance.
Insulin resistance is associated with marked abnormalities of lipoprotein size and subclass particle
concentration. The purpose of this study was to examine the effects of a moderate-intensity exercise
program without weight loss on lipoprotein profiles in women with PCOS.

Methods—Thirty-seven sedentary PCOS women were randomized to either an 8–12-week ramp-
up followed by a12-week moderate-intensity exercise program (16–24 weeks total, ~228 min/wk at
40–60% peak VO2, n=21) or control (no change in lifestyle, n=16). PCOS was defined as < 8 menses
per year and hyperandrogenism (biochemical or clinical with Ferriman-Gallwey score >8). Fasting
lipoprotein profiles were obtained before and after the intervention. Nuclear magnetic resonance
spectroscopy (NMR) was used to quantify the following: average particle size, total and subclass
concentrations of HDL, LDL and VLDL particles, and calculated HDL cholesterol, triglycerides,
and VLDL triglycerides. Wilcoxon exact rank sums tests were used to compare changes in these
parameters in the exercise group relative to controls.

Results—Twenty women (8 exercisers, 12 controls) completed the study. Comparing exercisers to
controls, significant changes were seen in concentrations of the following lipoprotein parameters
which are associated with decreased insulin resistance: decreased large VLDL (p=0.007), calculated
triglycerides (p=0.003), VLDL triglycerides (p=0.003), and medium/small HDL (p=0.031); and
increased large HDL (p=0.002) and average HDL size (p=0.001).

Conclusions—In this trial, moderate-intensity exercise without significant weight loss improved
several components of the lipoprotein profiles of women with PCOS. These findings support the
beneficial role of moderate exercise in this high-risk population.
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Introduction
Polycystic ovary syndrome (PCOS) is associated with an increased risk of several metabolic
complications including insulin resistance (6), type 2 diabetes (7,21), dyslipidemia (25–278,
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and possibly cardiovascular disease (3,27). Hypertriglyceridemia and decreased high-density
lipoprotein (HDL) are frequently found in affected women (1). Though detailed analyses of
lipoprotein size and subclass concentrations by nuclear magnetic resonance spectroscopy
(NMR) have not been reported in this population, women with PCOS are known to have small,
dense low-density lipoprotein (LDL) compared to age- and body mass index (BMI)-matched
controls (2,5). In other populations, cardiovascular disease and insulin resistance are associated
with similar abnormalities of lipoprotein size and subclass concentrations (9,11,23).
Specifically, studies utilizing NMR have shown that insulin resistance is associated with
increased concentrations of large VLDL and small LDL particles, and decreased numbers of
large HDL particles (11,12). Larger VLDL size and smaller HDL size were also shown to be
strongly associated with the development of type 2 diabetes (9). Thus, abnormalities in
lipoprotein size and subclass concentrations may have important associations with two major
potential complications of PCOS: diabetes and cardiovascular disease. Characterization of the
lipoprotein profiles of women with PCOS and possible interventions to modify these profiles
is warranted.

Previously, results from exercise trials in other populations did not demonstrate dramatic
improvements in conventional measures of lipids. However, the STRRIDE study (Studies of
Targeted Risk Reduction Interventions through Defined Exercise) recently reported
improvement in several lipoprotein variables, as measured by NMR, following moderate- and
high-intensity exercise regimens (18). This suggests that the analyses provided by NMR may
be more sensitive indicators of the effects of exercise on lipoproteins than conventional lipid
panels. In addition, the STRRIDE exercise regimens resulted in improved insulin sensitivity
among participants, as measured by the intravenous glucose tolerance test (IVGTT). The
purpose of our study was to evaluate whether a moderate-intensity exercise regimen similar to
one of the regimens used in the STRRIDE study had beneficial effects on the cardiometabolic
risk profiles of young women with PCOS. Therefore, we examined the effects of monitored
exercise consisting of an 8–12-week ramp-up period followed by 12 weeks of moderate-
intensity exercise (caloric equivalent to walking 12 miles per week) without weight loss on
lipoprotein subclass profiles and insulin sensitivity in women with PCOS.

Methods
Study Design

This study was approved by the Duke Institutional Review Board, and informed consent was
obtained from all participants. Participants were evaluated at the Duke General Clinical
Research Center (GCRC) and at the Duke Center for Living. Following a baseline assessment,
participants were randomized to either moderate-intensity exercise training (8–12-week ramp-
up period followed by 12-weeks of monitored exercise) or a non-exercising control group.
Randomization was accomplished by generating a random sequence of two variables (for
instance, As and Bs, representing the two treatment groups) using the online program at
http://graphpad.com/quickcalcs/randomize2.cfm. Each group assignment was placed in its
own sequentially numbered envelope by an individual not involved in the study. Participants
were assigned to a group based on these envelopes, and each participant had an equal chance
of being randomized to either group. Control group participants were not contacted during the
12 weeks of their enrollment in the study. Following completion of the study protocol, they
were offered optional exercise training.

Subjects
Pre-menopausal women with PCOS were recruited for participation in this clinical trial
between April 2003 and April 2005. Utilizing conventional recruitment strategies, as well as
those recommended by a community advisory board formed for the study, participants were
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recruited through posters in the community, newspaper advertisements, community speaking
engagements, information on the web, letters to referring providers, and letters to the principal
investigator’s clinic patients with PCOS, seen at Duke University Endocrine Clinic.

Women aged 18 to 50 years were eligible if they reported eight or fewer menses per year and
had either clinical or biochemical evidence of hyperandrogenism (hirsutism with Ferriman-
Gallwey score ≥ 8 or bio-available testosterone > 8.4 ng/dl (291.2 pmol/l, a value two standard
deviations above the mean for the performing lab). Diagnosis of PCOS was confirmed by
history, physical exam and lab testing performed as part of the study. All exams and Ferriman-
Gallwey scoring were performed by a single trained examiner. Other eligibility requirements
included sedentary lifestyle (defined as no regular exercise during a usual week), ability to
come to the study exercise facility for monitored exercise, and agreement to maintain their
current weight and dietary patterns for the study period. Exclusion criteria included menopause,
hormonal contraceptive use, anti-androgen therapy, pregnancy (current or planned during the
study period), recent breastfeeding, congenital adrenal hyperplasia, uncontrolled thyroid
disease, hyperprolactinemia, or fasting hyperglycemia [>125 mg/dl (6.9 mmol/l)]. Participants
who had taken therapy known to affect carbohydrate metabolism (metformin,
thiazolidinediones) within the past 90 days were excluded. Potential participants were also
excluded if they had unresolved medical conditions, a history of malignancy other than non-
melanoma skin cancer in the past five years, or had participated in another study within the
past 30 days.

Exercise Protocol and Cardiorespiratory Fitness
Our exercise protocol was adapted from the STRRIDE study (18). Individual exercise
prescriptions were determined by the study exercise physiologist as described by Kraus et al
(17.) An exercise dose of 14 kcal/kg/week (caloric equivalent of walking approximately 12
miles per week at 40–60% peak oxygen consumption) was chosen because it produced the
greatest improvement in insulin sensitivity in the STRRIDE study (13). In addition, this
intensity with similar and lower volumes, has been shown to improve cardio-respiratory fitness
in other populations of women (4). Multiplying each participant’s weight by the target exercise
dose determined the target energy expenditure (kcal/kg/week X kg = kcal/week). Exercise
duration was then determined as follows. Peak V02 (liters of 02 consumption per min) was
determined by maximum exercise tolerance testing (treadmill) with expired gas analysis using
a ParvoMedics TrueMax 2400 oxygen consumption metabolic cart. This value (L/min) was
multiplied by 50% (mid-point between 40 and 60%) to determine target 02 consumption. Using
this value (L/min), and the assumption of 5 kcal of energy expended per liter of oxygen
consumed, kcal/min could be derived (L/min X 5 kcal/L = kcal/min). From this, and the target
energy expenditure per week, the target number of minutes of exercise per week was
determined (kcal/week X min/kcal = min/week). This calculation provided the weekly exercise
duration. Each exercise session was limited to 60 minutes in any 24 hour period. At the midpoint
of the exercise training period a repeat submaximal exercise test with gas exchange was
performed and training minutes adjusted at the new 50% peak VO2 level to maintain energy
expenditure per week at 14 kcal/kg/wk.

Intensity was determined with a submaximal test. Based on this test, each patient was
prescribed a treadmill speed and incline to achieve 50% peak V02. After working at that speed
and incline for 2 weeks a target heart rate range was developed based on the heart rate files
from those workouts. Participants were then asked to stay within that heart rate range as they
exercised for their specified number of minutes. Heart rate monitors (Polar Electro, Inc;
Woodbury, NY) were worn by each participant during each exercise session. Participants could
elect to use a treadmill, elliptical machine or stationary cycle to complete their exercise, and
were instructed to reach their target heart rate regardless of the exercise mode used. Heart rate
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monitor data were downloaded weekly and reviewed by the study exercise physiologist.
Exercise sessions were completed at the Duke Center for Living. However, if the participant
could not come to the study exercise facility, they were allowed to exercise at a site of their
choosing, as long as they wore a heart rate monitor.

To minimize risk of injury, exercisers completed an initial 8 to 12 week ramp period in which
the exercise duration and intensity gradually increased until the full exercise prescription was
reached. After completing the ramp phase, exercisers completed an additional 12 weeks of
exercise at their full individual exercise prescription. Thus, the total duration of the study period
was 20 to 24 weeks for exercisers (ramp + exercise), and 12 weeks for controls. For exercisers,
peak VO2 was determined at baseline, mid-way through the 12-week exercise period, and upon
completion of the program. Controls were assessed at baseline and at study completion.

Exercise adherence (duration, time at goal heart rate, and frequency) was monitored through
direct supervision and through data recorded by a heart rate monitor worn during all exercise
sessions. Data from the heart rate monitors were reviewed weekly. If exercise adherence
declined, exercisers were contacted by the exercise physiologist to encourage adherence. Body
mass and dietary patterns were monitored regularly. If monthly three-day diet records,
reviewed by the study nutritionist, indicated a change in dietary pattern, or if weight changed
by >3%, the study nutritionist counseled participants regarding weight and diet stability.
Weight maintenance was chosen as the goal because we wished to separate the effects of
exercise from weight loss on metabolic parameters.

Lipoprotein Analysis
Before and after the exercise intervention, blood samples were drawn after a twelve hour
overnight fast into tubes containing EDTA for NMR lipoprotein analysis. Samples were
centrifuged for 15 minutes at 3000 rpm. Plasma was subsequently transferred to cryovials and
stored at −80°C. All NMR measurements were performed at one time on specimens thawed
immediately prior to analysis. Analysis was performed at LipoScience Inc. (Raleigh, NC) as
previously described in detail (14). The particle concentrations of the following 8 subclass
categories were investigated: large VLDL (including chylomicrons, if present) (>60 nm),
medium VLDL (35 to 60 nm), small VLDL (27 to 35 nm), IDL (23 to 27 nm), large LDL (21.2
to 23 nm), small LDL (18 to 21.2 nm), large HDL (8.8 to 13 nm), medium/small HDL (sum
of medium + small HDL; 7.2 to 8.8 nm). The medium and small HDL subclasses were
combined for simplification, owing to their similar relations with insulin resistance (12) and
atherosclerosis (19). Summation of the lipoprotein subclass levels provides total VLDL, LDL
(including IDL), and HDL particle concentrations. Weighted-average VLDL, LDL, and HDL
particle sizes (in nanometer diameter units) were also computed. Estimates of total triglycerides
and HDL cholesterol were obtained by converting the subclass particle concentrations to lipid
mass concentration units using conversion factors that assume each subclass has a normal lipid
content. NMR-calculated triglyceride and HDL cholesterol levels are highly correlated
(r>0.95) with chemically measured values (14). Inter-assay reproducibility, determined from
replicate analyses of plasma pools, is indicated by the following coefficients of variation:
lipoprotein subclasses <10%; VLDL size <2%; LDL and HDL size <0.5%; total VLDL, LDL,
and HDL particles <5%; triglycerides and HDL cholesterol <3%.

Conventional lipid analysis (total cholesterol, direct LDL and HDL cholesterol, triglycerides)
was also performed before and after the intervention. For these analyses, fasting blood samples
were drawn into serum separator tubes, allowed to clot for 30 minutes, and centrifuged for 15
minutes at 3000 rpm. Analyses were performed within 2 days of the blood draw at LabCorp
Inc. (Burlington, NC) using standardized automated methods.
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Screening labs included prolactin, morning 17-alpha-hydroxyprogesterone (17-OHP), bio-
available testosterone (Mayo Labs), thyroid stimulating hormone, serum pregnancy test,
glucose, blood urea nitrogen, creatinine, electrolytes, total protein, albumin, a complete blood
count with differential and liver function tests.

Insulin sensitivity was assessed before and after the intervention using the modified frequently
sampled IVGTT with minimal model analysis. Additional pre- and post-intervention labs
included a 75-g oral glucose tolerance test (OGTT) and bio-available testosterone.

Statistical Analysis
Sample size calculations for this study were based on changes in insulin sensitivity seen in the
STRRIDE study. Due to the small sample size of our ultimate study population and skewness
of the data, Wilcoxon exact rank sum tests were used to identify the effects of the exercise
intervention. Statistical significance was set at a two-sided p <0.05. Data are reported as median
values for baseline characteristics and as median absolute change scores for intervention
effects. Because we were unable to obtain end-of-study testing for participants who dropped
out (44%) and because imputation was considered inappropriate in this setting, their data were
excluded from the analyses.

Results
Participant recruitment, enrollment and study completion

Six hundred twenty two (622) individuals completed a phone screen, 187 of whom met
screening criteria by phone. Seventy two (72) of these then completed the screening visit and
thirty-seven (37) were randomized. Following randomization, sixteen women dropped out of
the study (3 control, 13 exercise). In the exercise group, 5 dropped out immediately following
randomization and prior to ramp-up, 4 dropped out during the ramp-up phase, and 2 dropped
out during the first week of training (following ramp-up), and 2 dropped out mid-way through
the exercise program. Reasons given for dropping out of the exercise group included time
constraints, injuries unrelated to exercise, and one pregnancy. One participant was excluded
after randomization due to a cholecystectomy with a subsequent major change in diet. The final
group completing the study included 20 participants (12 control, 8 exercise).

Baseline Characteristics (Table 1 and Table 2)
Baseline characteristics are listed in table 1 (endocrine and anthropometric characteristics) and
table 2 (lipoprotein measures). Among those who completed the study, exercisers were older
than controls (36.5 vs. 28.0 years, p=0.049). The exercisers had significantly higher particle
concentrations of large VLDL/chylomicrons (4.5 vs. 0.7 nmol/L, p=0.025), total HDL (33.9
vs. 29.0 umol/l, p=0.031), and calculated triglycerides (142.6 vs. 81.0 mg/dl, p=0.031).
Although not statistically significant, exercisers tended to be heavier (BMI 37.9 vs. 31.3 kg/
m2), less hyperandrogenemic (bio-available testosterone 319.0 vs. 450.7 pmol/l), less hirsute
(Ferriman-Gallwey score 9.0 vs. 15.0) less fit (peak VO2 22.5 vs. 27.0 ml/kg/min), and more
insulin resistant (Si=1.2 vs. 2.5) than controls. Twenty-five percent (25%) of both groups were
minorities.

Of note, when we compared our study dropouts with study completers, subjects who were
randomized to exercise and subsequently dropped out of the study were younger (median age
33.0 vs. 36.5 years, p=0.016) and more hirsute (Ferriman-Gallwey score 17 vs. 9, p=ns). In
addition, more minority women dropped out of the exercise intervention than majority women
(9 minority vs. 3 Caucasian women).
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Exercise Prescription and Adherence
The average exercise duration and frequency prescribed to the exercise group was 228 minutes
weekly, performed during an average of 4.4 sessions per week. Participants completed an
average of 3.6 exercise sessions and 204 minutes of exercise per week, yielding a mean
adherence rate (minutes of exercise at prescribed heart rate completed divided by minutes
prescribed) of 89.8%.

Effects of Exercise Training (Table 3)
Peak VO2 increased in the exercise group compared to controls (+1.0 vs. 0.0 ml/kg/min,
p=0.033). No other outcomes changed significantly after the exercise training, including insulin
sensitivity as measured by the IVGTT with minimal model analysis. However, there was a
trend toward improvement in insulin resistance in exercisers vs. controls, as measured by area
under the curve (AUC) insulin (−4930.7 vs. +476.5, p=0.083). In addition, conventional lipid
panels measured via spectrophotometric assays demonstrated a trend toward improvement in
triglycerides among exercisers compared to controls (−41.5 vs. +6.5mg/dl, p=0.083). There
were no other trends in the conventional lipid panel between exercisers and controls (total
cholesterol −2.5 vs. −6.0 mg/dl, p=0.640; HDL cholesterol +0.5 vs. −2.0 mg/dl, p=0.196; LDL
cholesterol +5.0 vs. −3.0 mg/dl, p=0.405).

There were several significant lipoprotein particle changes among participants in the exercise
group compared to controls (Table 4). The concentration of large VLDL/chylomicrons was
reduced in the exercise group compared to controls (−1.7 vs. +1.1 nmol/L, p=0.007). There
was an increase in the concentration of large HDL (+1.3 vs. −0.8 umol/L, p=0.002)
accompanied by a decrease in medium/small HDL subclass concentration (−1.9 vs. +1.0 umol/
L, p=0.031) and an increase in the average HDL size in the exercisers compared to controls
(+0.1 vs. −0.1 nm, p=0.001). Exercisers had reductions in both the calculated triglycerides
(−44.3 vs. +10.6 mg/dl, p=0.003) and VLDL-triglycerides (−41.6 vs. +11.6 mg/dl, p=0.003),
compared to controls. There were trends toward improved concentrations of IDL particles
(−12.9 vs. +11.4 nmol/L, p=0.057) and calculated HDL cholesterol (+2.2 vs. −1.9 mg/dl,
p=0.069). There were no significant changes in total or subclass LDL particle concentrations
or LDL size.

Discussion
This randomized controlled trial in women with PCOS demonstrated that exercise without
weight loss can significantly improve lipoprotein particle parameters that are associated with
insulin resistance and cardiovascular disease risk. There were significant reductions in the
concentration of large VLDL/chylomicrons and medium/small HDL, and increased large HDL
and average HDL size in the exercise group compared to controls. Further, there were
reductions in calculated triglycerides and VLDL-triglycerides in the exercise group compared
to controls. Finally, there were trends toward improved concentrations of IDL particles and
NMR-calculated HDL cholesterol. These changes occurred in the absence of significant weight
loss, and are consistent with those expected with improved insulin sensitivity. Although insulin
sensitivity did not show significant improvement by IVGTT with minimal model analysis,
there was a positive trend in insulin resistance as measured by the AUC for insulin. The average
amount of exercise performed by study participants to obtain these beneficial changes in
lipoprotein profiles was 3 hours and 24 minutes of moderate-intensity exercise per week (the
caloric equivalent to walking approximately 12 miles per week). These findings support the
recommendation to increase physical activity in women with PCOS to obtain improvements
in metabolic health.
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Conventional lipid measurements quantify lipoproteins on the basis of the amount of
cholesterol and triglycerides they carry, rather than quantifying the particles themselves. In
conventional lipid panels, levels of LDL cholesterol, HDL cholesterol, and triglycerides serve
as surrogate markers for LDL, HDL and VLDL particles, respectively. NMR spectroscopy
provides direct measurement of lipoprotein particles of varying diameter based on
characteristic signals emitted by each lipoprotein subclass (14). For NMR testing, an untreated
plasma sample (approximately 200 microliters) is injected into a 400 MHz magnet and
subjected to a short radio-frequency pulse. In response to this pulse of energy, the methyl
protons from the various lipid molecules carried within lipoprotein particles emit signals which
are slightly, but reproducibly, different depending on the diameter of the particle. The
amplitudes of these characteristic lipoprotein subclass signals, obtained by computer
deconvolution of the measured plasma methyl signal envelope, are directly proportional to the
subclass particle concentrations. From the concentrations and known diameters of the
measured lipoprotein subclasses, average VLDL, LDL, and HDL particle sizes are calculated.
The entire automated measurement process requires about 1 minute and produces highly
reproducible results.

Studies have suggested that direct measurement of lipoprotein subclasses and particle sizes by
NMR may be a better predictor of cardiovascular risk than traditional lipid panels (23,24).
Previously, the focus has been on particle size as a risk factor. For instance, small LDL (16,
20), small HDL (23), and large VLDL (10) have been strongly associated with increased
cardiovascular risk in men, whereas large HDL has been associated with cardioprotective
properties (15,19). More recently, it has been suggested that the number of particles may
actually be more important than the size of the particles. A large cross-sectional study has
shown that after adjusting for confounders, both large and small LDL particle number are
associated with atherosclerosis (22). Thus, the previous associations between atherosclerosis
and small LDL may not be because small LDL is more atherogenic, but because individuals
with small LDL generally have elevated numbers of LDL particles.

Studies have also demonstrated that insulin resistance is associated with several characteristics
of the lipoprotein particle profile. Garvey et al. (11) evaluated the association of insulin
resistance and lipoprotein profiles in 56 insulin sensitive subjects, 46 insulin resistant subjects
without diabetes, and 46 untreated subjects with type 2 diabetes. They measured insulin
sensitivity by the euglycemic-hyperinsulinemic glucose clamp method and lipoprotein profiles
by NMR. Their results demonstrated that insulin resistance is associated with altered
lipoprotein profiles. Specifically, insulin resistant participants had larger VLDL, and higher
concentrations of large VLDL particles (see table 5). They had higher concentrations of LDL
particles overall, higher concentrations of small LDL, and lower concentrations of large LDL.
In addition, insulin resistant participants had lower concentrations of HDL particles secondary
to a decrease in the number of large HDL and a minor increase in small HDL. The Insulin
Resistance Atherosclerosis Study (IRAS) demonstrated that several of these lipid
characteristics were also associated with the development of type 2 diabetes (9). Thus, NMR
may provide valuable insight into the proatherogenic state of individuals at high risk of
developing diabetes. Similarly, lipoprotein changes, such as those seen in our study, may
indicate a related change in risk for complications associated with the dyslipidemia of pre-
diabetes and diabetes.

The usefulness of NMR spectroscopy in determining the beneficial effects of exercise was first
demonstrated by the STRRIDE study (17). Prior to the STRRIDE study, exercise studies using
conventional lipid panels concluded that moderate exercise had limited effects on lipids. The
STRRIDE study challenged this conclusion by demonstrating that middle-aged men and
women randomized to a moderate-intensity exercise regimen (caloric equivalent of walking
12 miles per week) had improvements in triglyceride concentration, and VLDL particle size
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and concentration. Further, participants randomized to a higher-intensity exercise regimen
(caloric equivalent of jogging 17 to 18 miles per week) also had significant improvement in
particle size and concentration of LDL and HDL particles (17).

The protocol for our study was adapted from the moderate-intensity protocol of the STRRIDE
study (caloric equivalent of walking 12 miles per week). We believed that the low-amount,
moderate-intensity protocol was the safest and most feasible protocol for our group of
participants that were quite obese and sedentary. In addition, the results of the STRRIDE study
indicated that this exercise protocol produced the greatest change in insulin sensitivity,
compared to the higher intensity and higher amount groups (13). Participants that completed
the study adhered closely to the protocol, with 89.8% of all prescribed exercise minutes
completed. Their adherence to the protocol was reflected by a significant improvement in
fitness, measured as peak V02. No exercisers experienced injury related to the protocol,
suggesting that the protocol is a safe intervention that can improve fitness in this population.

Study Limitations
The largest limitation to our study is the high drop out rate. We planned for a drop out rate of
30% based on the experience of the STRRIDE study. Although we used the same personnel,
protocol, and exercise facility as that of the STRRIDE study, our dropout rate was higher overall
(44%) and higher in the exercise group (62% vs. 32%). We hypothesize that our higher dropout
rate was due in part to the young age of our participants (median age was 33 vs. 52 years for
STRRIDE), with the possible accompanying responsibilities for small children, school and
work. However, the overall attrition rate of 44% (exercisers and controls) was also higher than
that found in other exercise studies of young women with PCOS (25–28%). Our requirements
to maintain a stable weight and to perform exercise sessions at the study exercise facility may
have contributed to our high drop out rate. We speculate that changes to the exercise
interventions could enhance retention. For instance, allowing more flexibility in location of
exercise, using a “buddy” system to strengthen accountability, or providing for group work-
outs, might improve adherence for this group. However, for those who did not drop out,
adherence was outstanding, suggesting that the essential protocol can be maintained, but
perhaps be made more flexible.

Attrition of minority women was especially high (13 out of 18 randomized participants). The
reasons for this are not clear and require further investigation.

The high drop out rate led to differences in baseline characteristics between exercisers and
controls, and these differences may well have affected study results. Exercisers were more
insulin resistant, older, heavier and less fit at baseline compared with controls. A post hoc
analysis of STRRIDE data (personal communication, C Slentz PhD) suggests that participants
in that study who were more insulin resistant (Si < 3.0), older (Age >53.3) and less fit (peak
V02 <23) responded robustly with improved Si to the exercise intervention we used in this
study. However, those who were heavier (BMI >30) appeared to show an attenuated response
to exercise. Based on this observation, it is possible to speculate that the greater BMI in our
exercise group might help explain the lack of measurable change in Si.

Had our groups been more closely matched, we might anticipate results similar to the STRRIDE
study. In that study, the same exercise regimen led to a change in Si from 2.6 +/− 0.3 to 4.3 +/
− 0.6 (12). While we did not see a similar change in Si in our study, we did see a trend toward
improved insulin sensitivity measured by AUC insulin, and changes in plasma lipoproteins
similar to those in STRRIDE. Exercisers in both the STRRIDE study and ours showed
decreased triglycerides (calculated from NMR), and decreased concentration of large VLDL
particles (17), changes expected with improved insulin sensitivity. We speculate that these
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lipid changes, and changes in insulin sensitivity, would have been more pronounced, had our
groups been better matched.

Since we were unable to obtain end-of-study testing for participants who dropped out, we could
not perform an intention-to-treat analysis.

Conclusions
Women with PCOS are at an increased risk of type 2 diabetes, dyslipidemia, and possibly
cardiovascular disease. Lifestyle interventions play an important role in the prevention of
metabolic complications. The individual roles of different lifestyle components such as diet
and exercise are not well understood. This study demonstrates that moderate-intensity exercise
(caloric equivalent of walking 12 miles per week), without significant weight loss, can
significantly improve several components of lipoprotein profiles. While the clinical
significance of some of these changes is based on their association with cardiovascular disease
and insulin resistance, our results support the role of exercise in women with PCOS. Further,
they lay the ground work for future intervention studies involving lipoprotein profiles in women
with PCOS.
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Abbreviations
PCOS  

polycystic ovary syndrome

LDL  
low-density lipoprotein

VLDL  
very low-density lipoprotein

IDL  
intermediate-density lipoprotein

HDL  
high-density lipoprotein

NMR  
nuclear magnetic resonance

BMI  
body mass index

IVGTT  
intravenous glucose tolerance test

OGTT  
oral glucose tolerance test
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AUC  
area under the curve

IRAS  
insulin resistance atherosclerosis study

STRRIDE  
studies of targeted risk reduction interventions through defined exercise
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Table 1
Baseline characteristics of study completers

Exercise (n=8) Control (n=12)

Variable Median IQR Median IQR

Age (years)* 36.5 5.0 28.0 11.0

Weight (kg) 89.1 31.5 87.3 40.8

BMI (kg/m2) 37.9 9.4 31.3 14.9

Systolic BP (mmHg) 122.0 18.5 104.0 20.0

Diastolic BP (mmHg) 70.5 18.0 59.0 10.0

Ferriman-Gallwey 9.0 16.0 15.0 8.0

Bioavailable testosterone (pmol/l) 319.0 589.4 450.7 329.4

Waist circumference (cm) 98.0 20.5 97.0 39.0

Hip circumference (cm) 122.0 29.5 119.5 26.0

Peak VO2 (ml/kg/min) 22.5 6.0 27.0 13.0

HOMA-IR 3.8 5.9 4.5 4.5

Fasting Glucose (mmol/l) 4.8 0.3 4.8 0.4

2hr Glucose (mmol/l) 6.7 1.2 6.8 2.3

AUC Glucose 895.9 236.9 846.0 280.6

Fasting Insulin (pmol/l) 141.7 173.6 139.6 148.6

2hr Insulin (pmol/l) 791.0 853.5 557.7 645.2

AUC Insulin 106582.1 43281.9 74822.7 95807.0

Insulin Sensitivity (Si) 1.2 1.4 2.5 2.9

HbA1c 5.5 0.4 5.3 0.4

Values are expressed as medians (interquartile range; IQR) or n (%).

*
p<0.05, all other differences between groups were not significant
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Table 2
Baseline Lipoprotein Measures

Exercise Group (n=8) Control Group (n=12)

Median IQR Median IQR

Lipoprotein Particle Concentrations

VLDL particles (nmol/L)

 Total 60.6 23.3 45.9 31.5

 Large VLDL/chylomicrons 4.52 9.48 0.74 3.43

 Medium VLDL 22.8 17.9 20.3 17.2

 Small VLDL 31.0 15.2 29.5 9.0

LDL particles (nmol/L)

 Total 1124.6 437.9 1028.6 353.0

 IDL 33.5 55.2 23.5 26.2

 Large LDL 399.9 184.7 365.6 244.1

 Small LDL 697.9 390.3 535.6 375.7

HDL particles (umol/L)

 Total 33.9 3.9 29.0 7.2

 Large HDL 8.1 3.4 6.6 4.1

 Medium/Small HDL 26.5 3.3 21.6 7.7

Mean Particle Sizes (nm)

VLDL 54.7 22.2 48.4 10.3

LDL 21.1 0.8 21.3 0.9

HDL 9.0 0.3 9.0 0.5

Calculated Lipids (mg/dl)

Triglycerides 142.6 132.4 81.0 49.2

VLDL-triglycerides 108.2 132.0 50.7 46.1

HDL cholesterol 54.3 12.2 47.4 15.6
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Table 3
Effect of exercise intervention on outcome measures.

Exercise Group(n=8) Control Group(n=12)

Median % change IQR Median % change IQR

Weight (kg) −1.29 4.2 0.45 3.5

BMI (kg/m2) −1.28 4.2 0.46 3.5

SBP (mmHg) −0.42 10.9 −1.83 15.0

DBP (mmHg) 4.98 16.1 3.19 20.4

Ferriman-Gallwey 0.00 4.00 0.00 19.2

Bioavailable testosterone −15.19 49.1 0.00 58.1

Waist circumference (cm) −1.08 7.4 0.43 5.3

Hip circumference (cm) −0.94 2.28 −1.00 5.1

Peak VO2 5.28 8.25 0.00 6.1

HOMA* −8.56 19.77 11.18 94.4

Fasting glucose 4.57 21.2 −0.54 9.6

2-hour glucose 1.32 6.1 −3.54 53.6

AUC glucose 5.47 25.2 2.95 28.1

Fasting insulin −4.88 18.6 7.79 77.7

2-hour insulin −7.77 45.54 2.60 39.5

AUC insulin** −26.0 36.6 2.11 40.1

Insulin Sensitivity (Si) −2.77 35.94 −5.96 44.4

Values are expressed as median percent change. IQR=inter-quartile range. All differences are non-significant

*
HOMA [Fasting Glucose × .055] × [Fasting Insulin] ÷ 22.5

**
p=0.098 for AUC insulin
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Table 4
Effect of exercise intervention on lipoprotein particles.

Control (n=12) Exercise (n-8)

Variable Median Absolute Change (pre-post) (25%,75%) Median Absolute Change (pre-post) (25%,75%) P value*

Lipoprotein Particle Concentrations

Total VLDL particles (nmol/L) −3.3 (−10.6, 5.5) −9.6 (−17.5, 2.4) 0.571

 Large VLDL/chylomicrons 1.1(0.2, 4.2) −1.7(−3.4, 0.4) 0.007

 Medium VLDL 1.0(−4.3, 8.2) −4.8(−10.4, 7.1) 0.343

 Small VLDL −3.5(−10.8, 0.8) −5.4(−11.7, 8.0) 0.851

Total LDL particles (nmol/L) 57.9(−67.0, 139.7) −18.4 (−167.8, 78.4) 0.208

 IDL 11.4(−8.3, 33.1) −12.9(−30.3, 5.3) 0.057

 Large LDL −24.5(−137.2, 20.8) −19.5(−69.2, 151.8) 0.305

 Small LDL 55.2(−107.2, 191.7) −0.7(−232.0, 115.8) 0.270

Total HDL particles (umol/L) −0.5(−2.9, 1.9) −0.6(−2.6, 0.7) 0.678

 Large HDL −0.8(−2.2, −0.4) 1.3(0.5, 1.5) 0.002

 Medium/Small HDL 1.0(−1.2, 1.9) −1.9(−4.1, −0.5) 0.031

Mean Particle Sizes (nm)

VLDL 1.2 (−2.0, 7.2) −2.2 (−7.9, 3.1) 0.181

LDL −0.1(−0.6, 0.2) −0.1(−0.2, 0.6) 0.208

HDL −0.1(−0.2, −0.1) 0.1(0.1, 0.2) 0.001

NMR Calculated Lipids (mg/dl)

Triglycerides 10.6(−6.5, 45.7) −44.3(−53.7, −17.9) 0.003

VLDL-triglycerides 11.6(−8.7, 42.5) −41.6(−53.4, −16.4) 0.003

HDL cholesterol −1.9(−6.1, 0.7) 2.2(0.2, 3.0) 0.069

Expressed as median absolute change, with interquartile range

*
Two sided p values calculated from Wilcoxon exact rank sum test
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Table 5
NMR lipid characteristics associated with insulin resistance

Insulin Resistance (without diabetes)* Change in PCOS study

Particle Size

 VLDL ↑ -

 LDL ↓ -

 HDL ↓ ↑

Particle Concentration

 VLDL Total - -

Large ↑ ↓

Intermediate - -

Small - -

 IDL - -

 LDL Total ↑ -

Large ↓ -

Small ↑ -

 HDL Total - -

Large ↓ ↑

Intermediate - ↓**

Small -
*
Garvey 2003. ↑= increase, ↓= decrease, - = no change

**
Intermediate and Small combined
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