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Abstract

Polycystic ovary syndrome (PCOS) is characterized by insulin resistance, elevated circulating 

leukocytes, and hypothesized to have higher adipose tissue inflammation. Aerobic exercise 

reduces circulating leukocytes and improves insulin sensitivity in obese individuals, but the effect 

of exercise on inflammation in PCOS is not known. We investigated circulating leukocytes, insulin 

sensitivity by euglycemic-hyperinsulinemic clamp, serum pro- and anti-inflammatory markers 

(hsCRP, TNF-α, total and high molecular weight adiponectin), and abdominal subcutaneous 

adipose tissue (SAT) gene expression of proinflammatory markers in 8 PCOS women and 8 obese 

control females matched for BMI. Additionally, in a prospective study, the 8 women with PCOS 

underwent a 16-week aerobic exercise regimen with the same measures performed post-

intervention. Compared to controls, white blood cell counts (WBC) were 30% higher (p = 0.04) 

and circulating total adiponectin levels were 150% lower (p = 0.03) in women with PCOS at 

baseline/pre-exercise conditions. SAT gene expression of macrophage migration inhibitory factor 

(MIF, p < 0.01) and interleukin-6 (IL-6, p < 0.05) were also lower in women with PCOS. In 

response to 16 weeks of aerobic exercise, insulin sensitivity improved (p < 0.01) and WBC counts 

decreased (p = 0.02). The exercise-induced change in WBC and circulating neutrophils correlated 

inversely with changes in glucose disposal rate (r= -0.73, p=0.03; and r= -0.82, p=0.01, 

respectively). Aerobic exercise reduced serum leptin (p < 0.05) after 4 weeks, trended to reduce 

the ratio of leptin-to-high molecular weight adiponectin (p < 0.1) by the 8th week, and 

significantly increased serum dehydroepiandrosterone sulfate (DHEA-S, p < 0.001) after 16 
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weeks. In conclusion, women with PCOS have higher circulating leukocytes compared to controls, 

which can be reversed by aerobic exercise and is associated with improvements in insulin 

sensitivity.
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Introduction

Polycystic Ovary Syndrome (PCOS) is a complex endocrine disorder affecting 5-10% of 

women at reproductive age [1-3]. In addition to menstrual irregularity, hyperandrogenemia, 

and polycystic ovarian morphology, PCOS is highly associated with abdominal obesity and 

insulin resistance [4-6]. Chronic, low-grade inflammation, a condition associated with 

obesity [7] and type 2 diabetes [8, 9], is a risk factor for cardiovascular disease [10, 11]. 

Recent evidence suggests that low-grade inflammation may contribute to the metabolic 

dysregulation associated with PCOS [12].

Although the exact sources of low-grade inflammation associated with insulin resistance and 

obesity are still debated, adipose tissue inflammation is a likely culprit [13-16]. Adipose 

tissue from women with PCOS as well as pre-adipocytes treated with testosterone have 

shown to have reduced lipolytic function [17, 18]. Adipose tissue dysfunction, here defined 

as reduced lipolytic function, is also seen in insulin resistance [19]. Adipose tissue 

inflammation occurs as a result of monocyte and neutrophil infiltration into adipose tissue to 

“clean up” dysfunctional and dying adipocytes [20-22]. Macrophage accumulation coupled 

with dysfunctional adipocytes produces pro-inflammatory cytokines and chemokines that 

spill into the circulation and thus contribute to systemic, chronic, low-grade inflammation 

[23-25].

Aerobic exercise has been shown to reduce inflammation [26-29]. However, very few studies 

have focused on how exercise affects adipose tissue inflammation [30]. Prior studies in 

women with PCOS have shown that there are indeed improvements in insulin resistance 

with exercise [31, 32]. Importantly though, no study to date has examined the role of 

exercise in adipose specific inflammation in women with PCOS. We have previously shown 

that menstrual function, insulin resistance, aerobic capacity, and, importantly, adipose tissue 

lipolytic function were all improved after 16-weeks of moderate intensity aerobic exercise in 

women with PCOS [33, 34]. Improvements in inflammation with aerobic exercise in PCOS 

women could potentially mediate such improvements in insulin sensitivity. The objectives of 

this study were: 1) compare markers of systemic and adipose-specific inflammation in 8 

women with PCOS and 8 BMI-matched controls; and 2) investigate the effects of 16-weeks 

of aerobic exercise on adipose and systemic inflammation in the 8 women with PCOS. We 

hypothesized that women with PCOS would have higher systemic inflammation, which 

would be attenuated following 16-weeks of exercise.
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Materials and Methods

Subjects, Experimental design, and Exercise Protocol

As previously reported [33, 34], 8 women with PCOS were matched with women without 

signs of abnormal menses or hyperandrogenemia. The diagnosis of PCOS was assessed by 

the Rotterdam criteria [35, 36]. Women with PCOS had to possess two of the following 

criteria: confirmation by medical history of menstrual irregularity (oligo- or amenorrhea), 

presence of more than 10 ovarian follicles 2-9mm in diameter as assessed by MRI, or either 

clinical (hirsutism score) or serum measures of androgen excess (elevated free androgen 

index, FAI). Other causes of oligomenorrhea (hyperprolactinemia, congenital adrenal 

hyperplasia, Cushing's syndrome, hyperthyroidism) were excluded by medical history. All 

women in our PCOS group possessed more than 10 ovarian follicles measured 2-9mm in 

diameter, and all had irregular menses. Women in the control group were excluded from 

participation in our study for exercise training, use of contraceptive medications, and 

menstrual cycle irregularity together with androgen excess. All women in our control group 

had FAI values below 3.6 as defined as a cut-off value for FAI in the assessment of PCOS 

according to Hahn et al [37]. Additionally, all women in our control group reported regular 

menstruation, thus confirming that they did not have PCOS based on the Rotterdam 

guidelines. Following an overnight fast, blood and subcutaneous adipose tissue samples 

were collected, body composition was assessed by dual x-ray absorptiometry (DXA, QDR 

4500A; Hologics, Bedford, MA) and insulin sensitivity was determined by a 

hyperinsulinemic-euglycemic clamp (120-minutes at 80mU/min/m2). Aerobic capacity 

(VO2max) was measured during a graded treadmill test (TrueMax 2400; ParvoMedics, Salt 

Lake City, UT). After baseline testing, women with PCOS underwent 16 weeks of aerobic 

exercise at the Health and Fitness Center of the Pennington Biomedical Research Center 

with all exercise sessions performed on a treadmill at 55% VO2max five times per week 

under supervision. Details of the exercise protocol are provided elsewhere [33]. Exercise 

was performed initially to achieve an exercise energy expenditure of 4% of the participants’ 

estimated energy requirement during the first 4 weeks, then incrementally increased to 6% 

for weeks 5-8, 8% for weeks 9-12, and finally 10% for weeks 13-16. A fasted blood sample 

was collected every 4 weeks throughout the exercise program. The study was approved by 

the Institutional Review Board of Pennington Biomedical Research Center and participants 

provided informed written consent before participating (Clinicaltrials.gov registration 

NCT01150539).

Biochemical Assays

High sensitive C-reactive protein (hsCRP) and dehydroepiandrosterone sulfate (DHEAS) 

were determined by chemiluminescent immunoassay (Immulite 2000™, Siemens Healthcare 

Diagnostics, Deerfield, IL); Tumor necrosis factor-alpha (TNF-α) by immunoassay 

(Luminex 100™, Luminex Corp. Austin, TX); leptin and adiponectin (total and high 

molecular weight) by radioimmunoassay (Linco Research Inc., St Charles, MO); serum 

lipids by an enzymatic assay on a Beckman Coulter DXC 600 (Beckman Coulter, Brea, 

CA); and complete blood counts using a Beckman Coulter DxH 800 using the Coulter 

principle (Beckman Coulter, Brea, CA).
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Hyperinsulinemic-euglycemic Clamp

Insulin sensitivity was measured as previously described using a hyperinsulinemic 

euglycemic clamp. [33]. After catheter placement, a primed infusion of insulin (80 

mU/min/m2) was initiated for 120 min with plasma glucose levels measured every 5 min; at 

this insulin infusion level, all splanchnic glucose output was assumed to be blocked. 

Exogenous 20% glucose was infused at a variable rate to maintain plasma glucose 

concentration at 90 mg/dL. Glucose disposal rate (GDR) was adjusted for kilograms of fat 

free mass (FFM) + 17.7, denoted as estimated mean body size (EMBS) [38].

Subcutaneous Adipose Tissue Biopsy for Real Time PCR for Gene Expression

Subcutaneous adipose tissue was obtained from the abdomen with a 5-mm needle using the 

Bergstrom technique after local anesthesia (5 mL 1:1 mixture of 0.5% bupivicaine and 2% 

lidocaine). Adipose tissue was immediately snap frozen in liquid nitrogen and stored at 

−80°C until analysis. Total RNA was extracted from approximately 100 mg of adipose tissue 

using miRNEasy Kits (Qiagen, Valencia, CA). RNA extracts were converted into cDNA 

using the High Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, 

CA). Gene expression was carried out using Real Time-PCR with TaqMan gene expression 

assays embedded on microfluidic cards on the ABI 7900HT Fast Real-Time PCR System 

(Applied Biosystems, Foster City, CA). Gene expression assays were performed for the 

following genes: plasminogen activator inhibitor 1 (PAI-1, Hs01126603_m1), macrophage 

migration inhibitory factor (MIF, Hs00236988_g1), interleukin 6 (IL-6, Hs00985639_m1), 

cluster of differentiation 68 (CD68, Hs00154355_m1), monocyte chemotactic protein 1 

(MCP1, Hs00234140_m1), tumor necrosis factor, alpha (TNFa, Hs00174128_m1), 

adiponectin (AdipoQ, Hs00605917_m1), and cyclophilin B (PPIB, Hs00168719_m1). 

Relative gene expression was assessed using Ct normalized to Cyclophilin B (PPIB) gene 

expression.

Statistical Analysis

All analyses were performed using GraphPad Prism Software, version 5.0 (GraphPad 

Software, La Jolla, CA). The Mann-Whitney test was used for cross-sectional comparisons 

between PCOS and Obese Control women when data was not normally distributed, and an 

Independent Samples t-test was used when the data was normally distributed (Table 1 and 

Figure 2). Paired t-tests were used when data was normally distributed and Wilcoxon signed 

ranked tests were used with data was not normally distributed when comparing measured 

between pre- and post-exercise variables in the women with PCOS when data was only 

collected for those two time points (Table 2). A one-way, repeated measures ANOVA along 

with Dunnett's multiple comparisons post-hoc test were used to evaluated significance in 

variables that were measured in women with PCOS every 4 weeks during the duration of the 

exercise intervention (Table 3). Additionally, paired t-tests or Wilcoxon signed ranked paired 

tests used to compare variables from baseline to changes with exercise intervention were 

reported in instances when they were found to be significant, and Dunnett's test was not 

(Table 3). Pearson r correlation coefficients were used to evaluate the significance of 

relations between changes in insulin sensitivity and changes in circulating leukocytes with 

exercise in women with PCOS. P < 0.05 was considered statistically significant.
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Results

Women with PCOS have higher leukocyte inflammation markers, which are reversed by 
exercise

As shown in Table 1, women with PCOS were adequately matched with controls with no 

significant differences in body composition, insulin sensitivity (GDR), and aerobic capacity 

(VO2max); although as expected women with PCOS had higher serum testosterone and free 

androgen index (FAI). Sixteen weeks of aerobic exercise significantly increased insulin 

sensitivity and aerobic capacity, but did not alter body composition in women with PCOS 

(Table 2). Prior to exercise intervention, women with PCOS had a 30% higher white blood 

cell count (WBC; p = 0.04), but no significant differences in neutrophil counts compared to 

controls (Table 1). There were no significant difference in high sensitivity C-reactive protein 

(hsCRP, Table 1) between women with PCOS and controls.

Sixteen weeks of aerobic exercise resulted in declines in WBC at week 12 (WBC, p = 0.04) 

and at week 16 (WBC, p = 0.01), with no changes in neutrophil counts (Table 3). Changes in 

circulating WBC and neutrophils with aerobic exercise were inversely associated with 

changes in glucose disposal rate (p = 0.03, Figure 1A; and p = 0.01, Figure 1B, 

respectively). There were no significant differences in hsCRP levels (Table 3), but tumor 

necrosis factor-alpha (TNFα) was significantly lower at week 12 (p = 0.03, Table 3).

Women with PCOS have reduced adipose tissue inflammation, but altered circulating 
adipokine profiles with exercise

Subcutaneous abdominal adipose tissue revealed lower mRNA expression of macrophage 

migration inhibitory factor (MIF, p < 0.01, Figure 2), interleukin-6 (IL-6, p < 0.05, Figure 

2), and a trend towards decreased plasminogen activator inhibitor-1 (PAI-1, p < 0.10, Figure 

2) in women with PCOS compared to controls. There were no differences between PCOS 

women and controls for the mRNA expression of cluster of differentiation marker 68 

(CD68), monocyte chemotactic protein-1 (MCP-1), TNFα, or adiponectin (AdipoQ, Figure 

2). However, total serum adiponectin concentrations were three-fold lower in women with 

PCOS (p = 0.003, Table 1)

Total serum adiponectin was not changed with exercise in women with PCOS (Table 3). 

Similarly, we did not see significant changes in serum high molecular weight adiponectin 

(HMW Adiponectin). However, at week 16, 5 out of the 8 participants increased their HMW 

adiponectin levels with aerobic exercise, and 4 of those 5 increased their HMW adiponectin 

levels greater than two fold. Leptin levels were found to be significantly lower after 4 weeks 

(p = 0.04) and at 12 weeks (p = 0.05) of exercise; and tended to be lower at week 8 (p = 

0.08, Table 3). The leptin-to-total adiponectin was unchanged with exercise (Table 3) but the 

ratio of Leptin-to-HMW Adiponectin was significantly lower from baseline levels at week 

12 (p = 0.03) and 16 (p = 0.01) of aerobic exercise (Table 3). There was no change with 

aerobic exercise in abdominal subcutaneous adipose tissue gene expression in women with 

PCOS for PAI-1, IL-6, MIF, CD68, TNFα, AdipoQ, or MCP-1 (data not shown).
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Aerobic exercise improves serum lipids and increases DHEA-S levels in women with PCOS

There were no differences in serum lipids, with the exception of a trend towards higher 

HDL-C (p = 0.10) in controls, or DHEA-S at baseline (Table 1). Exercise reduced fasting 

triglyceride concentrations at week 16 (p = 0.02, Table 3). HDL-C levels increased at week 4 

(p = 0.002), week 8 (p < 0.003), week 12 (p = 0.002), and at week 16 (p < 0.001), with 

significant increases in total cholesterol (p = 0.01) and LDL cholesterol (p = 0.02) at week 

16 (Table 3). Importantly, the ratio of total cholesterol-to-HDL was found to significantly 

decrease by week 12,(p = 0.03), while the ratio of HDL-to-LDL cholesterol significantly 

increased above baseline levels during week 12 (p = 0.01, Table 3). Finally, DHEA-S levels 

increased significantly at week 4 (p = 0.04) and at the end of 16 weeks of exercise (p = 

0.006); and trended towards an increase during week 8 (p = 0.09) and week 12 (p = 0.09, 

Table 3).

Discussion

In this study, we found that women with PCOS had higher circulating WBC compared with 

BMI matched female controls. This confirmed the findings in Orio et al [39], whose study 

additionally found a significant correlation between increased WBC and increased insulin 

resistance. Similarly, we found that 16 weeks of aerobic exercise reduced WBC counts, and 

that the changes in total WBC as well as neutrophils correlated inversely with changes in 

glucose disposal rate. This represents the first study in women with PCOS to demonstrate a 

relation with exercise between reductions in circulating leukocytes and improvements in 

insulin sensitivity.

Chronic, low-grade inflammation is a characteristic of many metabolic diseases, including 

obesity, metabolic syndrome and Type 2 Diabetes [7, 8, 16]. Given the metabolic 

derangement in women with PCOS, this syndrome has also been hypothesized to be 

associated with increased levels of low grade inflammation [12]. Though we found 

differences in WBC, which were reduced by exercise, we did not find differences in other 

prominent circulating inflammatory factors hsCRP or TNFα between women with PCOS 

and controls. Additionally, though we found moderate decreases in TNFα at week 8 and 

week 12, these differences were not carried through to the end of the intervention; and no 

changes were seen in serum levels of hsCRP. Therefore, we investigated the possibility of 

adipose tissue and altered adipokine levels to be a potential source of systemic inflammation 

in women with PCOS.

Dysfunction of the adipose tissue in women with PCOS has been a much studied 

phenomenon within the recent past (reviewed in [40]). In subcutaneous adipose tissue, 

women with PCOS had decreased gene expression levels of MIF, IL-6, and a trend towards 

decreased PAI-1. Similarly, Chazenbalk et al. also found lower IL-6 expression in adipose 

tissue of PCOS women compared to controls [41]. However, no other differences were noted 

on the gene expression level between controls and women with PCOS for CD68, MCP-1, 

TNFα, or adiponectin. In addition, there were no alterations in adipose gene expression with 

exercise in our study. We next examined circulating adipokine levels since they have been 

shown to influence systemic inflammation. Adiponectin displays cardio-protective and anti-

inflammatory properties [42, 43]. Previous reports on serum adiponectin levels in women 
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with PCOS have been conflicting, with some showing lower levels and others showing no 

differences [44-46]. Our study showed a three-fold reduction in total adiponectin levels 

compared to controls but with no difference in the gene expression of adiponectin in the 

adipose tissue. With aerobic exercise, we saw no changes in serum levels in either total or 

HMW adiponectin, which is not entirely surprising given previous reports on aerobic 

exercise and adiponectin levels [47, 48]. On the other side, PCOS is associated with 

hyperleptinemia [49, 50], to which high leptin levels are associated with inflammation [51]. 

In our study, exercise significantly reduced leptin levels after 4 weeks and 12 weeks of 

exercise, and trended towards lower leptin levels at week 8: all of which occurred without 

reductions in body weight or percent body fat (Table 2). Since differential ratios of leptin 

and adiponectin have been shown to be elevated in women with PCOS compared to age and 

weight matched controls [52], we investigated the ratios of leptin-toadiponectin and leptin-

to-HMW adiponectin. We found no differences in the ratio of leptin-to-adiponectin, but we 

did find significant decreases in the ratio of leptin-to-HMW adiponectin during weeks 12 

and 16 suggesting an alteration in adipokine profiles going from pro-inflammatory to anti-

inflammatory and cardio-protective. Together these findings show that women with PCOS 

have higher circulating leukocyte concentrations, which is perhaps not directly related to 

adipose tissue inflammatory recruitment of circulating leukocytes given the adipose tissue 

gene expression data. Aerobic exercise, though, did appear to alter circulating adipokines 

without changing the gene expression of adipose tissue inflammatory markers.

Since PCOS is associated with increased cardiovascular disease risk (reviewed in [53]), 

which is likewise associated with inflammation [54], we examined circulating lipids and 

other cardiovascular risk markers. With the exception of lower HDL-C in women with 

PCOS, there were no differences in serum lipids compared to controls. HDL cholesterol has 

been well documented to relieve inflammation and reduce atherosclerotic plaque in blood 

vessels, thereby indirectly ameliorating the inflammatory response [55, 56]. With aerobic 

exercise, there were significant increases in HCL-C from the 4th to the 16th week. 

Importantly, there were reductions in the ratio of total cholesterol-to-HDL at week 12 of 

aerobic exercise, as well as increases in the HDL-to-LDL ratio at week 12 of aerobic 

exercise. DHEA-S has been shown to be cardio-protective and thoroughly studied in aging 

research due to reductions in DHEA-S levels with increasing age [57, 58]. DHEA-S levels 

were not different between controls and women with PCOS; however, DHEA-S levels were 

greatly increased after 16 weeks of exercise. To the best of our knowledge, this is the first 

time it has been shown that DHEA-S levels increased in PCOS women with aerobic 

exercise. This, along with increases in HDL-C and altered circulating adipokines, would 

give powerful evidence that exercise is beneficial for women with PCOS because it would 

not only potentially relieve inflammation, but also provide additional cardio-protection.

We acknowledge that our study is limited by the fact that our control participants did not 

perform the exercise regimen along side the women with PCOS. A randomized control trial 

or a prospective controlled study would have been a stronger study to fully evaluate 

differences in exercise response to women with PCOS along with weight matched controls. 

However, given the striking differences between circulating white blood cell counts between 

controls and pre-exercise levels in women with PCOS, along with of course the diagnostic 

differences in circulating free androgen index in women with PCOS, we infer that valid 

Covington et al. Page 7

Biochimie. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



conclusions can be made from the cross-sectional component of our study. Furthermore, 

given the robust changes in both aerobic fitness (VO2max) and insulin sensitivity (GDR) 

with 16-weeks of aerobic exercise in women with PCOS, we conclude that the prospective 

study design in the women with PCOS would yield cogent and beneficial results into the 

nature of exercise mediated reductions in inflammation in women with PCOS.

In conclusion, results from our study showed that 16 weeks of aerobic exercise reduces 

circulating leukocyte inflammation and improves insulin sensitivity in women with PCOS. 

Importantly, women with PCOS did not show additional adipose tissue inflammation 

compared to controls, and exercise did not affect local inflammatory gene expression in 

adipose tissue. However, aerobic exercise was shown to reduce leptin levels independent of a 

reduction in fat mass and improve the ratio of leptin-to-HMW adiponectin, thus switching 

the adipokine profile from being more pro-inflammatory to more anti-inflammatory. Finally, 

aerobic exercise was shown to improve serum lipids and increase levels of DHEAS, thus 

improving cardio-protective mechanisms. These results show that regular aerobic exercise 

that does not induce weight loss may have multiple benefits for improving the 

pathophysiology of PCOS and thus may be an important treatment option for many patients.
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Highlights

1. Women with PCOS have higher circulating leukocytes

2. Aerobic Exercise reduces circulating leukocytes

3. Exercise related declines in leukocytes relates to insulin sensitivity

4. Cardio-protective factors (HDL, HMW-Adiponectin, DHEAS) increased with 

exercise
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Figure 1. 
Changes in White Blood Count (WBC) and Neutrophils between baseline and following 16 

weeks of exercise inversely correlated to changes in Glucose Disposal Rate (GDR) adjusted 

to estimated mean body size (EMBS). A) Pearson Correlation between changes in WBC and 

changes in GDR/EMBS, and B) Pearson Correlation between changes in Neutrophil counts 

and changes in GDR/EMBS.
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Figure 2. 
Gene expression data from abdominal subcutaneous adipose tissue between controls 

compared to PCOS women at baseline before exercise training. All gene expression is 

expressed as arbitrary units reflecting fold change compared to controls. CD68 – Cluster of 

Differentiation 68, a marker of macrophages; MCP-1 – Monocyte Chemotactic Protein 1; 

MIF – Macrophage Migration Inhibitory Factor; IL-6 – Interleukin 6; TNFα – Tumor 

Necrosis Factor, alpha; PAI-1 – Plasminogen-Activator Inhibitor 1; and AdipoQ - 

Adiponectin. Graphs represent means ± SEM. *, p < 0.10; **, p <
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Table 1

Anthropometric and Metabolic Characteristics between Controls and Women with PCOS.

Control PCOS p value

Pre-Exercise

Age (yrs) 33.9 ± 16.2 25.6 ± 3.1 0.20

Weight (kg) 75.3 ± 11.5 84.1 ± 16.6 0.24

BMI (kg/m2) 28.1 ± 5.0 32.1 ± 5.2 0.13

% Fat 31.3 ± 7.6 38.2 ± 5.2 0.20

FM (kg) 23.9 ± 8.6 32.8 ± 10.8 0.27

FFM (kg) 51.4 ± 7.5 51.4 ± 6.6 0.99

VO2max (mL/FFM) 23.7 ± 6.4 27.5 ± 3.7 0.27

GDR (mg/min/EMBS) 7.4 ± 3.9 5.1 ± 1.8 0.18

HOMA-IR (AU) 3.5 ± 3.8 3.6 ± 2.7 0.94

SHGB (nmol/L) 35.5 ± 18.3 30.9 ± 31.7 0.73

Testosterone (ng/dL) 36.9 ± 8.0 92.4 ± 41.2 0.006

FAI (AU) 1.2 ± 0.6 18.8 ± 14.2 0.02

WBC (× 103/μL) 6.7 ± 2.1 8.7 ± 1.4 0.04

Neutrophils (× 103/μL) 3.9 ± 1.7 4.2 ± 1.2 0.61

hsCRP (mg/L) 3.8 ± 5.2 4.6 ± 6.1 0.79

Triglycerides (mg/dL) 89.3 ± 52.6 95 ± 49.8 0.82

Total Cholesterol (mg/dL) 184.9 ± 27.6 165.5 ± 40.7 0.28

HDL-C (mg/dL) 63.5 ± 17.6 50.6 ± 11.7 0.10

LDL-C (mg/dL) 103.9 ± 18.9 95.9 ± 24.1 0.48

Cholesterol/HDL 3.1 ± 0.8 3.3 ± 0.4 0.48

HDL/LDL 0.6 ± 0.2 0.5 ± 0.1 0.26

DHEA-S (μg/dL) 130.9 ± 49.2 183.2 ± 80.3 0.13

Total Adiponectin (μg/mL) 6.7 ± 3.3 2.7 ± 1.3 0.003

Data is represented as mean ± SD. BMI, Body Mass Index; FM, Fat Mass; FFM, Fat Free Mass; GDR, Glucose Disposal Rate; EMBS, Estimated 
Mean Body Size; SHGB, Sex Hormone Binding Globulin; FAI, Free Androgen Index; WBC, White Blood Cell Count; hsCRP, high sensitivity C-
Reactive Protein; HDL-C, High Density Lipoprotein-Cholesterol; LDL-C, Low Density Lipoprotein-Cholesterol; DHEA-S, 
Dehydroepiandrosterone-Sulfate
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Table 2

Anthropometric and Metabolic Characteristics from Pre- and Post-Exercise Intervention in Women with PCOS

PCOS p value

Pre-Exercise Post-Exercise

Age (yrs) 25.6 ± 3.1 -- --

Weight (kg) 84.1 ± 16.6 83.5 ± 18.2 0.67

BMI (kg/m2) 32.1 ± 5.2 31.8 ± 5.7 0.63

% Fat 38.2 ± 5.2 36.8 ± 6.0 0.24

FM (kg) 32.8 ± 10.8 31.6 ± 11.6 0.53

FFM (kg) 51.4 ± 6.6 51.9 ± 7.2 0.12

VO2max (mL/FFM) 27.5 ± 3.7 31.0 ± 5.0 0.007

GDR (mg/min/EMBS) 5.1 ± 1.8 6.6 ± 2.1 0.001

HOMA-IR (AU) 3.6 ± 2.7 3.5 ± 1.9 0.85

SHGB (nmol/L) 30.9 ± 31.7 28.8 ± 16.4 0.79

Testosterone (ng/dL) 92.4 ± 41.2 86.0 ± 47.7 0.45

FAI (AU) 18.8 ± 14.2 17.2 ± 15.8 0.27

Data is represented as mean ± SD. BMI, Body Mass Index; FM, Fat Mass; FFM, Fat Free Mass; GDR, Glucose Disposal Rate; EMBS, Estimated 
Mean Body Size; SHGB, Sex Hormone Binding Globulin; FAI, Free Androgen Index
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