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Introduction

Polycystic ovary syndrome (PCOS) is the most common
endocrinological abnormality in women of reproductive

Abstract

Introduction. Polycystic ovary syndrome (PCOS) is associated with obesity
and insulin resistance. The objective of this cross-sectional study was to
investigate the impact of insulin resistance and body mass index (BMI) on
inflammatory and hemostatic variables associated with long-term risk of car-
diovascular disease in women with PCOS. Material and methods. 149 pre-
menopausal women with PCOS were recruited consecutively from April 2010
to February 2012 at three Danish University Hospitals. The study was con-
ducted at the Department of Gynecology and Obstetrics, Herlev University
Hospital, Denmark. PCOS was diagnosed in accordance with the Rotterdam
criteria and the women were classified into four phenotypes according to
BMI and insulin resistance measured by the homeostasis model assessment of
insulin resistance index. Body composition was determined by dual-energy X-
ray absorptiometry. Main outcome measures were the biomarkers C-reactive
protein (CRP), plasminogen activator inhibitor-1 (PAI-1), and von Wille-
brand factor antigen. Results. Normal weight insulin-resistant PCOS women
were characterized by abdominal obesity and elevated levels of plasma PAI-1.
Overweight/obese insulin-resistant PCOS women had increased levels of both
PAI-1 and CRP. Of the three Rotterdam criteria, only hyperandrogenemia
was significantly associated with the hemostatic risk marker of long-term car-
diovascular disease risk. Conclusions. Surrogate risk markers for cardiovascular
disease are elevated in women with PCOS, especially insulin-resistant and
overweight/obese women.

Abbreviations: CRP, C-reactive protein; CV, coefficient of variance; CVD,
cardiovascular disease; FSH, follicle stimulating hormone; HOMA-IR,
homeostasis model assessment of insulin resistance; IR, insulin resistance; LH,
luteinizing hormone; PAI-1, plasminogen activator inhibitor-1; PCOS,
polycystic ovary syndrome; T, testosterone; vWF, von Willebrand factor; WG,
waist circumference.

age. The prevalence of PCOS is dependent on ethnicity,
lifestyle, age, body mass index (BMI) and the diagnostic
criteria used. The diagnosis is currently based on the Rot-
terdam criteria, with a prevalence as high as 15% in the
adult female population (1). The Rotterdam criteria
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require two of three criteria fulfilled: anovulation, hyper-
androgenism and/or polycystic ovaries, causing clinical
and biochemical heterogeneous phenotypes.

Based on the higher rates of risk factors for cardiovas-
cular disease (CVD) in women with PCOS, it has been
assumed that the risk of long-term CVD is increased
(2,3). The prognostic value of the Rotterdam criteria and
different Rotterdam phenotypes regarding risk of CVD
are currently being discussed (4,5). Insulin resistance
(IR), obesity and hyperandrogenism are thought to play a
pivotal role in the complex etiology of PCOS. IR is seen
in 50-80% of the women with PCOS (6) and is partly
independent of BMI (7). Approximately 60% of the
women with PCOS are obese (8). IR and obesity are asso-
ciated with chronic low-grade inflammation, endothelial
dysfunction and hemostatic derangements, and precede
development of type 2 diabetes and CVD (1,9).

In the general population, markers of inflammation
and endothelial dysfunction such as plasma levels of C-re-
active protein (CRP), plasminogen activator inhibitor-1
(PAI-1) and von Willebrand factor (vWF) have been vali-
dated as the most predictive for CVD (10-12). These risk
markers have been studied in women with PCOS, but the
studies are small and the results are conflicting (8,13).

Women with PCOS should be informed about the
increased risk of CVD, according to the individual clinical
phenotype. However, there is no evidence-based consen-
sus about how to distinguish high-risk women with
PCOS. The aim of the present study was therefore to
evaluate whether four phenotypes of women with PCOS
based on BMI and IR are associated with distinct meta-
bolic profiles with special reference to markers of chronic
low-grade inflammation, endothelial dysfunction as well
as fat distribution. If so, BMI and IR should be included
when CVD risk stratification is determined for PCOS
women diagnosed according to the Rotterdam criteria. A
secondary aim was to evaluate whether the Rotterdam
criteria and various Rotterdam phenotypes are associated
with the investigated risk markers of CVD.

Material and methods

The study was derived from the original Danish multicen-
ter PCOS collaboration, the PICOLO study (14). This
prospective cross-sectional clinical study comprised con-
secutively recruited premenopausal, 18- to 40-year-old
women with PCOS, referred to three Danish university
hospitals because of infertility or gynecological symptoms
during the period April 2010 to February 2012.

At the first of three visits all participants were assessed
using standardized baseline screening as described previ-
ously (14). PCOS was diagnosed according to the 2003
Rotterdam criteria. Whole body dual-energy X-ray
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absorptiometry was performed and blood samples were
collected at the second visit after an overnight fast of at
least 8 h. Blood was collected from women with regular
menstrual cycles on the third to fifth cycle day and from
women with irregular menstrual periods on a random
day. All samples were collected between 8:00 and 9:30 h.
Blood samples were drawn from an antecubital vein with
a stasis of 40 mmHg, monitored by a manometer and a
blood pressure-cuff. Samples related to PCOS screening
and metabolism were analysed immediately (14). The
other samples were centrifuged at 2000 g for 20 min, and
stored in cryotubes at —80°C until analysis. At the third
visit, a standard 2-h oral glucose tolerance test with a 75-
g glucose load was performed. A 2-h plasma glucose con-
centration <7.8 mmol/L was considered to be normal glu-
cose tolerance, >7.8 and <11 mmol/L impaired glucose
tolerance and >11 mmol/L diabetic.

Oligomenorrhea was defined as menstrual cycle over
35 days and amenorrhea was defined as no menstrual cycle
for 3—6 months. Clinical hyperandrogenism was quantified
by a modified Ferriman—Gallwey score — a score >6 indi-
cated clinically significant hirsutism (15). Biochemical
hyperandrogenism was defined as total testosterone (total
T > 1.8 nmol/L) and/or free testosterone  (free
T > 0.034 nmol/L) higher than the upper limit of the nor-
mal range for premenopausal women. Ovarian morphol-
ogy was assessed by transvaginal ultrasound (Ultrasound
Scanner, Class 1 type B, B-K Medical REF TYPE 2202.
Bkmed.com). Antral follicles between 2 and 9 mm were
counted; an ovary with an antral follicle count >12 was
classified as polycystic. Waist circumference (WC) was
measured at the level of umbilicus. Body weight was mea-
sured in light clothing and without shoes (OMRON BF
500. Omron-healthcare.com). Height was measured by a
wall-mounted stadiometer to the nearest 0.5 cm. BMI was
calculated as: body weight (kg)/[height (m)]> Blood pres-
sure was measured by an electronic monitor (OSZ 5 Easy,
Welch  Allyn 2003, Dublin, Republic of Ireland;
Intl.welchallyn.com). A larger cuff was used when measur-
ing blood pressure in women with a BMI > 25.

Pregnant and breastfeeding women, as well as women
with hyperprolactinemia, thyroid, renal or hepatic dys-
function, diabetes type 1 or 2, congenital adrenal hyper-
plasia and premature ovarian failure were excluded. A

Key Message

Evaluating the risk of cardiovascular disease in
women with polycystic ovary syndrome should rely
on determination of insulin resistance and body mass
index rather than using the Rotterdam criteria.
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wash-out period of at least 6 weeks before enrolment was
required for women treated with insulin sensitizers,
acetylsalicylic acid and/or hormonal treatment including
oral contraceptives.

Body composition

In 100 of the 149 women body composition was esti-
mated by whole body dual-energy X-ray absorptiometry
(Hologic, Model Discovery 2009). Forty-nine of the
PCOS women were recruited at the Fertility Clinic, Hol-
baek University Hospital; dual-energy X-ray absorptiome-
try was not performed for these women because of
logistic problems. Lean mass, total fat mass, android and
gynecoid fat mass were measured. Total fat mass was
divided by height squared. The android and gynecoid
regions of interest were predefined as a template overlay
that could be adjusted to match the patient’s anatomy.

Classification of the Rotterdam phenotypes

Combinations of the Rotterdam criteria resulted in four
phenotypes: (i) anovulation + hyperandrogenism, (ii)
anovulation + polycystic ovaries, (iii) hyperandrogenism
+ polycystic ovaries and (iv) anovulation + hyperandro-
genism + polycystic ovaries.

The homeostasis model assessment of insulin resistance
(HOMA-IR) index was used to estimate IR. HOMA-IR
index is defined as: fasting insulin (pU/mL) x fasting
glucose (mmol/L)/22.5 (16).

Classification of the BMI/IR-phenotypes

Women were divided into four clinical phenotypes
according to BMI and IR. IR was defined as HOMA-IR
index above the median value (0.9) in our population. A
BMI of 24.9 kg/m* was used to distinguish between nor-
mal and overweight women. The classification resulted in
four phenotypes: (i) BMI < 24.9—IR (normal weight
women without IR), (ii) BMI < 24.9+IR (normal weight
women with IR), (iii) BMI > 25—IR (overweight/obese
women without IR) and (iv) BMI > 25+IR (overweight/
obese women with IR).

Biochemical methodology

Total T was measured by tandem mass spectrometry after
an extraction and column chromatography purification
step (PerkinElmer CHS MSMS Steroids kit, Turku, Fin-
land) with a detection limit of 0.1 nmol/L. The intra- and
inter-assay coefficients of variance (CV) were 10.2 and
10%, respectively. Sex hormone-binding globulin (SHBG)
was estimated by a chemiluminescent assay (Architect i
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2000 system, Abbott, Europe). The intra- and inter-assay
CV were 2.8 and 5.8%, respectively. Free T (testosterone
not bound to SHBG and albumin) was calculated from
total T and SHBG using Vermeulen’s method (17). Plasma
glucose was analysed by a colorimetric assay (Ortho-Clini-
cal Diagnostics, Rochester, NY, USA). Serum insulin was
measured by the chemiluminescent immunometric assay
(Immulite 2000 Insulin, Siemens Healthcare, Lianberis,
Gwynedd, UK) with a detection limit of 2 pU/mL. The
intra- and inter-assay CV were 4.1 and 4.9%, respectively.
CRP was analysed by CardioPhase hsCRP particle-en-
hanced immuno nephelometry (Siemens Healthcare, Mar-
burg, Germany) with an intra- and inter-assay CV of 4.2
and 6.3%, respectively. Plasma PAI-1 concentrations were
estimated by TriniLIZE PAI-1 Antigen (Trinity Biotech,
Wicklow, Ireland) with a detection limit of 0.5 ng/mL and
intra- and inter-assay CV of 2.7 and 4.6%, respectively. The
plasma concentration of VWF was determined with an
immunoturbidimetric assay, HemosIL von Willebrand fac-
tor Antigen (Instrumentation Laboratory, Milan, Italy).
The intra- and inter-assay CV were 4.6 and 9.0%, respec-
tively. The remaining analyses were performed using stan-
dardized routine methods at the Department of Clinical
Biochemistry, Herlev University Hospital.

The study was approved by the Danish Data Protection
Agency (J. nr. 2010-41-4331) and the Ethical Committee
for the Capital Region of Denmark (protocol nr. H-4-
2010-002). The protocol was conducted in accordance
with the Helsinki Declaration. All participants provided
an informed written consent.

Statistical analysis

C-reactive protein was our primary outcome as it is com-
monly used as a marker of inflammation and CVD. The
power calculation has been reported previously (14). IBM
Statistical Package for Social Sciences (SPSS) for Windows,
version 19 (IBM Corp., Armonk, NY, USA) was used to
analyse the data. The Kolmogorov—Smirnov test was used
to assess the distribution of the data. Primarily, parametric
statistics were used. Non-normal distributed data were log-
transformed. Non-transformed values are shown in the
tables. The Kruskal-Wallis and the Mann—Whitney U-test
were used when data were not adequately normally dis-
tributed. One-way analysis of variance (ANOVA) was per-
formed to compare the four phenotypes followed by post
hoc comparisons using Bonferroni adjustment. Each Rot-
terdam criterion was evaluated both as continuous and cat-
egorical variables, categorical variables with the outcome,
yes or no. A t-test was used to compare dichotomized cate-
gorical data against continuous variables.

Associations between variables were assessed by the
Pearson correlation coefficient (r). Measurements of fat
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distribution were strongly related to each other and BMI,
therefore statistically significant measurements with the
highest r coefficient with CRP and PAI-1 were selected
for multiple regression analyses to explore independent
predictors of CRP and PAI-1. CRP and PAI-1 were
entered as dependent variables in the model and HOMA-
IR, SHBG, free testosterone and total fat mass/H” as inde-
pendent variables. Results are presented as standardized
regression coefficients (f3). Level of significance was deter-
mined by a two-sided value of p < 0.05.

Results

During the inclusion period, 149 women were eligible for
enrolment. All of the women were diagnosed according
to the Rotterdam criteria. The mean age of the total study
population was 27 years (£ 5 SD), mean BMI was 26 kg/
m” (+ 4 SD) and mean age of menarche was 13 years
(SD £ 1.5). Oligo- or amenorrhea was present in 87% of
the women (n = 130). Of the 149 women, 44.7%
(n = 68) had hirsutism and 67.8% (n = 103) hyperandro-
genemia. Polycystic ovaries were present in 90% of the
women. All three Rotterdam criteria were fulfilled by
58% of the women (Table 1). In all, 54% of the popula-
tion had BMI >25 and 70% of them were IR. Of the nor-
mal weight women, 24% were IR. All women had fasting
plasma glucose <7.0 mmol/L except one. Five women had
impaired glucose tolerance (one lean and four obese) and
one had type 2 diabetes (excluded from the study).

Rotterdam phenotypes

Comparison among four Rotterdam phenotypes showed a
significant difference in total and free T and serum
luteinizing hormone/follicle stimulating hormone (LH/
FSH) ratio which was highest in women fulfilling all three
Rotterdam criteria (p < 0.001, p < 0.001 and p = 0.002,
respectively). No other significant differences were
observed across the groups, either in anthropometry,
ovarian volume, metabolism and endocrinology or in
body composition. Concentrations of CRP, PAI-1 and
VWF were also not significantly different among the Rot-
terdam phenotypes (data not shown).

Table 1. Distribution of the four Rotterdam and BMI/IR phenotypes.
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CVD risk markers and the Rotterdam criteria

There was a positive correlation between PAI-1 and free
T, r=10.309, n=149, p <0.001 (Table 2). No other
associations were observed between Rotterdam criteria
and the studied variables.

BMI/IR-phenotypes

The anthropometric, hormonal and metabolic profiles of
the four phenotypes are shown in Tables 3 and 4. BMI did
not differ in the two lean phenotypes but did differ signifi-
cantly in the two obese phenotypes, with the IR women
having the highest BMI (p = 0.038). The two normal
weight  phenotypes differed significantly in WC
(p = 0.023), waist-hip ratio (p = 0.028), LH/FSH ratio
(p = 0.023), total T (p = 0.047), serum insulin (p < 0.001)
and HOMA-IR index (p < 0.001). All of the variables were
highest in the IR phenotype. The two obese phenotypes

Table 2. Pearson correlation coefficients (r) between CRP and PAI-1,
and clinical and biochemical variables in women with polycystic ovary
syndrome.

r (CRP) r (PAI-1)
BMI 0.575° 0.546°
WC 0.525° 0.560°
WHR 0.226° 0.451°
Fasting insulin (nU/mL)? 0.423° 0.567°
HOMA-IR index?® 0.408° 0.569°
Total T (nmol/L) —0.065 —0.027
Free T (nmol/L)? 0.155 0.309°
SHBG (nmol/L)? —0.28 —0.508°
Android fat (kg) 0.484° 0.543°
Android/gynoid fat ratio (kg/kg)? 0.346° 0.513°
Total fat mass/height? (kg/(m)?) 0.639° 0.592°
PAI-1 (ng/mL)? 0.401°

BMI, body mass index; CRP, C-reactive protein; HOMA-IR, homeosta-
sis model assessment of insulin resistance; PAI-1, plasminogen activa-
tor inhibitor-1; SHBG, sex hormone-binding globulin; T, testosterone;
WC, waist circumference; WHR, waist-hip ratio.

“Data were log-transformed to achieve normal distribution.
PCorrelations were significant at the level of 0.01 (two-tailed) with
p < 0.001.

BMI < 24.9-R BMI < 24.9+IR BMI > 25—IR BMI > 25+R Total
Anov + HA 3 1 4 1 19 (13%)
Anov + PCO 12 1 6 6 25 (17%)
HA + PCO 8 3 0 8 19 (13%)
Anov + HA + PCO 29 " 14 32 86 (58%)
Total 52 (35%) 16 (11%) 24 (16%) 57 (38%) 149

Anov, anovulation; BMI, body mass index; HA, hyperandrogenism; IR, insulin resistance; PCO, polycystic ovaries.
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Table 3. Anthropometric and hormonal characteristics of the four BMI/IR-phenotypes of polycystic ovary syndrome.

BMI < 24.9—IR BMI < 24.9+R BMI > 25—IR BMI > 25+R p-value
n =149 52 (35%) 16 (10%) 23 (16%) 57 (38.5%)

Age (years) 27 £ 4.7 25+ 4.2 29 + 6.1 28 +49 0.105
BMI (kg/m?) 217 £1.7 234+ 19 28.5 + 2.8%¢ 30 + 2.6794 <0.001
WC (cm) 75+ 69 81 + 8.1° 92 + 9.6%¢ 98 + 9.04f <0.001
WHR 0.78 + 0.08 0.84 + 0.07° 0.85 + 0.07° 0.89 + 0.06¢ <0.001
BP systolic (mmHg) 116 + 13 120 + 9 127 +12° 127 + 10¢ <0.001
BP diastolic (mmHg) 74 +9 73+ 6 73+6 83 + 9¢f <0.001
Total T (nmol/L) 20+1.0 2.8 + 0.9%° 21410 1.8 4+ 0.9 0.008
Free T (nmol/L)? 0.027 (0.023-0.031) 0.048 (0.034-0.063) 0.050 (0.02-0.081) 0.048 (0.022-0.071) 0.261
Androstenedione (nmol/L) 6.96 (6.25-7.68) 10.5 (7.89-13.11)°" 6.89 (5.45-8.33) 7.45 (6.64-8.26) 0.001
SHBG (nmol/L)? 79 (70-89)¢ 66 (40-92) 63 (43-82) 44 (38-51) <0.001
LH/FSH (IU/L)? 1.58 (1.28-1.88) 2.61(2.03-3.19)° 1.66 (1.12-2.19) 2.03 (1.67-2.39) 0.018

ANOVA, analysis of variance; BP, blood pressure; IR, insulin resistance; SHBG, sex hormone-binding globulin; T, testosterone; WC, waist circumfer-
ence; WHR, waist-hip ratio.

P-values are significant at the level of 0.05. ®Variables were log-transformed to achieve normal distribution. Mean values and 95% confidence
intervals (Cl) are presented. The remaining values are presented as mean + SD or n (%).

P-values are based on significant differences between subgroups: °BMI < 24.9—IR vs. BMI < 24.9+R; “BMI < 24.9—IR vs. BMI > 25—IR;
9BMI < 24.9—IR vs. BMI > 25+IR; BMI < 24.9+R vs. BMI > 25—IR; 'BMI < 24.9+IR vs. BMI > 25+R; 9BMI > 25—IR vs. BMI > 25+IR.

Table 4. Metabolic characteristics of the four BMI/IR-phenotypes of polycystic ovary syndrome.

BMI < 24.9—IR BMI < 24 9+R BMI > 25—IR BMI > 25+IR p-value
n =149 52 16 24 57
Fasting glucose (mmol/L) 49 +04 51+04 50+03 5.3 + 0.6° <0.001
Fasting insulin (uU/mL)? 2.25 4+ 0.46 8.18 + 3.11< 2.86 + 0.75 10.0 4 5.69%" <0.001
HOMA-IR index? 0.49 £+ 0.1 1.89 + 0.79%f 0.64 £ 0.17 2.42 + 1.58%h <0.001
2 h-OGTT (mmol/L)° 48 +12 41+ 07 47 +06" 5.8 + 1.4° <0.001
Total cholesterol (mmol/L) 45+ 0.9 454+ 0.9 48 + 0.8 5.0 + 0.8° 0.029
LDL cholesterol (mmol/L) 26 +07 25+ 09 29+ 06 3.2 +£0.7%9 <0.001
HDL cholesterol (mmol/L)® 1.6 +£04 1.6 £ 0.6 1.5+ 04 1.2 +0.3%¢ <0.001
Triglycerides (mmol/L)? 0.68 + 0.28 0.82 +0.24 1.15 + 1.30 1.26 + 0.71¢ <0.001
Fat mass/height’ (kg/m’) 6.25 + 1.74 6.62 + 1.40 10.5 + 2.06% 11.4 + 1.86%9 <0.001
Android fat (kg) 1.2 +£1.02 1.2 £0.39 2.3 + 0.65%f 2.8 +0.73%9 <0.001
CRP (mg/L)? 0.50 (0.33-0.57) 0.86 (0.43-1.05) 1.25(0.77-2.03) 2.59 (1.97-3.21)¢ 0.006
PAI-1 (ng/mL)? 9.7 (8.1-11.2) 21.6 (12.9-30.3)° 16.9 (12.9-20.9) 25.5 (21 .4~29.7)e'h <0.001
VWF? 1.17 (1.02-1.32) 1.45 (1.02-1.87) 1.08 (0.92-1.23) 1.22 (1.09-1.34) 0.176

ANOVA, analysis of variance; BMI, body mass index; CRP, C-reactive protein; HDL, high-density lipoprotein; HOMA-IR, homeostasis model assess-
ment of insulin resistance; IR, insulin resistance; LDL, low-density lipoprotein; OGTT, oral glucose tolerance test; PAI-1, plasminogen activator inhi-
bitor -1; VWF, von Willebrand factor.

3Data were log-transformed to achieve normal distribution. P-values are significant at the level of 0.05. °n = 85. Data are presented as
mean =+ SD except for CRP, PAI-1 and VWF (mean and 95% Cl).

P-values are based on significant differences between subgroups: “BMI < 24.9—IR vs. BMI < 24.9+R; 9BMI < 24.9—IR vs. BMI > 25—IR;

BMI < 24.9—IR vs. BMI > 25+IR; 'BMI < 24.9+R vs. BMI > 25—IR; 9BMI < 24.9+IR vs. BMI > 25+IR; "BMI > 25—IR vs. BMI > 25+IR.

were comparable except for the level of serum insulin
(p <0.001), HOMA-IR index (p <0.001) and PAI-1
(p < 0.023) being higher in the phenotype BMI > 25+IR
compared with the phenotype BMI > 25—IR (Table 4).
The four phenotypes did not differ in oligo-/amenor-
rhea, the Ferriman—Gallwey score or AFC (p = 0.682,
p = 0.749, p = 0.504, respectively). Markers of IR such as
insulin and HOMA-IR index were significantly higher

in the two IR phenotypes than in the non-IR women.
LDL-cholesterol and triglycerides were higher and HDL-
cholesterol lower in the phenotype BMI > 25+IR than in
the normal weight phenotypes (Table 4). The phenotype
BMI < 24.9+IR had significant higher total T than the
phenotypes BMI < 24.9—1IR and BMI > 25+IR (p = 0.047
and p = 0.004, respectively). All absolute and relative
measurements of body composition were higher in the
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phenotypes with BMI > 25 than in phenotypes with
BMI < 24.9.

CVD risk markers and BMI/IR-phenotype

Significant differences were observed between the four
BMI/IR phenotypes concerning the plasma levels of CRP
and PAI-1, with an overall p <0.006 and p < 0.001,
respectively (Table 4). Serum CRP concentration was
higher in phenotypes with BMI > 25 than in phenotypes
with BMI < 24.9 (p < 0.001). Plasma PAI-1 levels were
higher in the two IR phenotypes than in the non-IR phe-
notypes (p < 0.001). The levels of plasma vWF differed
insignificantly among the four phenotypes.

Correlation analyses in the total study
population

Highly significant and strong correlations between PAI-1,
BMI and different body fat compartments, markers of IR
and hyperandrogenemia were observed (Table 2). CRP
had stronger positive correlations with BMI and body fat
measurements than with the other variables investigated
(Table 2). The plasma concentration of VWF was not
associated to PAI-1, CRP or the parameters of body com-
position and IR.

Multiple regression analyses were performed to investi-
gate whether obesity, IR or hyperandrogenemia were
predictive of endothelial dysfunction and inflamma-
tion. Total fat mass/H* (B = 0.358, p < 0.0005), HOMA-
IR (B=0251, p=0.009) and SHBG (B = —0.283,
p = 0.003) were predictors of PAI-1, whereas only total
fat mass/H> (B = 0.597, p < 0.0005) was predictive of
CRP. Similar results were obtained if WC or BMI was
used instead of total fat mass but total fat mass/H> was
the best significant predictor.

Discussion

The present study demonstrates the impact of IR and
BMI in women with PCOS when evaluating risk factors
of CVD. Significant differences between the four BMI/IR
phenotypes were observed in measures of low-grade
inflammation, endothelial dysfunction, hyperandrogenism
and body fat distribution. The PCOS phenotype
BMI > 25+IR was characterized by increased levels of
both plasma CRP and PAI-1, indicating low-grade
inflammation and endothelial dysfunction. Furthermore,
this phenotype displayed an atherogenic lipid profile and
relatively increased blood pressure. Among normal weight
PCOS women, the phenotype BMI < 24.9+IR was charac-
terized by increased WC, hyperandrogenemia and ele-
vated levels of plasma PAI-1, suggesting coexisting

M. Aziz et al.

endothelial dysfunction. Only 24% of the normal weight
women with PCOS were insulin-resistant. Overall, obesity
was the only predictor of CRP whereas both IR and obe-
sity were predictors of PAI-1. No significant associations
were observed between the Rotterdam phenotypes and
the investigated biomarkers and the fat distribution.

Elevated high-sensitive CRP is a well-known indepen-
dent predictive marker of risk of CVD in both apparently
healthy individuals and individuals with established CVD
(18). The observed level of CRP in obese women indi-
cates an increased risk of CVD corresponding to an inter-
mediate CV risk, whereas the CRP levels in normal
weight women are in line with both an absolute and a
relative low risk of CVD (19). The level of CRP in obese
PCOS women in this study is in line with a previous
Danish study. The CRP level in BMI and fat mass-
matched controls was significantly lower (20). Another
study showed higher levels of CRP in normal weight IR
women than normal weight non-IR PCOS women (21).
Our data did not show any difference in plasma CRP
among normal weight IR and non-IR PCOS women,
despite the significant difference in WC and waist-hip
ratio besides IR. We observed a positive association
between CRP and HOMA-IR in our total study popula-
tion but this association was not found when women
were divided in BMI/IR-phenotypes. The discrepancy
between the studies may be explained by difference in the
sample size, age and body composition. The observed
association between CRP and obesity is in accordance
with other studies demonstrating that the level of CRP is
highest in individuals with obesity (22,23).

Elevated plasma concentrations of PAI-1 and vWF
are indicators of endothelial dysfunction and impaired
fibrinolysis, and are related to increased risk of CVD
(12,24). We demonstrate that the two IR phenotypes,
BMI < 24.9+IR and BMI > 25+IR, had the highest levels
of plasma PAI-1, although a statistical significant differ-
ence between the phenotypes BMI < 24.9+IR and
BMI > 25—IR was not observed. The lack of significance
may be due to lack of power in our study, but the results
are in line with experimental clinical studies demonstrat-
ing that hyperinsulinemia stimulates the production of
PAI-1 (25). Other studies have demonstrated elevated
levels of PAI-1 in women with PCOS, but the relation
between PAI-1 and fat distribution was not evaluated
(26,27). We found that IR and obesity are determinants
of PAI-1 levels. Although the two non-IR phenotypes had
lower levels of plasma PAI-1 compared with the IR phe-
notypes, there was a significant difference in PAI-1 level
among the two non-IR phenotypes, probably explained
by the difference in BMI and body fat mass. Thus PAI-1
seems driven by both IR and body fat mass, and possibly
primarily by android fat.
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von Willebrand factor is a biomarker of manifest
endothelial cell injury. The association between plasma
levels of vVWF and CVD is stronger in patients with IR
than in those without IR (12). We did not find any dif-
ference in the level of vWF among our four phenotypes
despite differences in their BMI and IR profile. This
observation is in agreement with some previous studies
(26,28). As our study population consists of relatively
young women, manifest endothelial damage may not yet
have occurred.

Altered body composition with tendency to abdominal
fat deposition, has been reported in normal weight
women with PCOS (29). The difference in WC may be
critical, resulting in IR in normal weight women and
could also explain the high level of androgens. Another
possible explanation could be that significant biochemical
hyperandrogenism in the phenotype BMI < 24.9+IR com-
pared with BMI < 24.9—IR, may predispose to android
fat deposition, which in turn leads to IR, resulting in
metabolic derangements and hemostatic stress including
elevated PAI-1 (25). From a clinical point of view, mea-
surement of WC (abdominal obesity) should be consid-
ered in normal weight women with PCOS.

This cross-sectional study has several specific advantages
compared with other studies dealing with assessment of
biomarkers of long-term CVD risk in women with PCOS.
The PCOS diagnosis is established according to the most
recent updated Rotterdam criteria. Our study population
is larger than most other studies and for the first time the
risk factors of CVD are analysed in PCOS women based
upon clinical relevant subgroups defined by BMI and IR
combined. The cross-sectional design of the study and
lack of controls implies limitations to the interpretation of
the results, as it remains unclear whether PCOS per se is
associated with increased risk of CVD. The study shows
that IR and abdominal obesity are associated with well-
known risk markers for CVD but whether this association
is stronger or more marked in women with PCOS than in
non-PCOS women requires future studies. The chosen
cut-off value for HOMA-IR index may seem low, but this
cut-off point is representative for the Danish population,
as a mean HOMA-IR index of 1.1 has been reported in a
Danish PCOS population (30). Currently there is no vali-
dated clinical test for detecting IR in the general popula-
tion. Measurement of insulin is subject to uncertainty
because of pulsatile secretion of insulin, nocturnal varia-
tions and short half-life. Nonetheless the degree of IR var-
ies among ethnicities and different populations.

In conclusion, IR, BMI and obesity are associated with
well-known risk markers for CVD in women with PCOS
and might be used to identify the women with PCOS
who mostly need intervention. Whether the observed
associations are stronger or more marked in women with

PCOS and cardiovascular risk factors

PCOS than in other women remains elusive; prospective
and controlled follow-up studies are required to deter-
mine whether the observed significant differences among
the four BMI/IR-phenotypes have clinical implications.
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