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Plasma Von Willebrand factor antigen levels are elevated
in the classic phenotypes of polycystic ovary syndrome
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ABSTRACT

OBJECTIVE: We aimed to assess plasma Von Willebrand factor (vWF) levels in women with
polycystic ovary syndrome (PCOS) and to compare these levels among the different PCOS phe-
notypes. DESIGN: We studied 140 women with PCOS and 40 age and body mass index (BMI)-
matched healthy women (control group). RESULTS: Plasma vWF antigen levels were higher
in women with PCOS than in controls (p=0.017). Plasma vWF antigen levels were also higher
in patients with phenotypes 1 [i.e. with anovulation (ANOYV), biochemical hyperandrogenemia
or clinical manifestations of hyperandrogenemia (HA) and polycystic ovaries (PCO)] and 2
(i.e. with ANOV and HA but without PCO) than in controls (p=0.017). In contrast, plasma
vWF antigen levels did not differ between controls and patients with phenotypes 3 (i.e. with
HA and PCO but without ANOYV) and 4 (i.e. with ANOV and PCO but without HA) or between
patients with phenotypes 1 and 2 and patients with phenotypes 3 and 4. When overweight/obese
and normal weight subjects were analyzed separately, plasma vWF antigen levels did not differ
between patients with PCOS (regardless of phenotype) and controls. CONCLUSIONS: Plasma
vWEF levels are elevated in women with PCOS. This increase appears to be more pronounced
in women with phenotypes 1 and 2 of PCOS. Given the association between vWF levels and
increased incidence of cardiovascular events, the evaluation of vWF levels in women with PCOS
might be helpful for cardiovascular risk stratification, but prospective studies are needed to
support this hypothesis.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is one of the
commonest endocrine disorders in women of re-
productive age.! Obesity and insulin resistance (IR)
are frequently present in patients with PCOS.! Both
obesity and IR are associated with increased car-
diovascular risk?** and accumulating data suggest
that women with PCOS have a higher incidence of
cardiovascular events than age-matched controls.*
Women with the “classic” PCOS phenotype intro-
duced by the National Institute of Health criteria in
1990° have more adverse metabolic characteristics
than women with the additional PCOS phenotypes
proposed in 2003 by the European Society for Hu-
man Reproduction and Embryology and the Ameri-
can Society for Reproductive Medicine-Sponsored
Consensus Group.®” However, it is unclear whether
cardiovascular risk differs between women with dif-
ferent PCOS phenotypes.*

Von Willebrand factor (vWF) plays an impor-
tant role in the pathogenesis of atherothrombosis.®
First, vWF mediates platelet adhesion to the injured
endothelium as well as platelet aggregation, which
are the first steps in thrombus formation.® Second,
as VWF is produced almost exclusively in endothe-
lial cells, elevated plasma vWF levels are a marker
of endothelial dysfunction;”! in turn, endothelial
dysfunction increases the risk for cardiovascular
events.!! Accordingly, several prospective studies
have shown that elevated plasma vWF levels are
independently associated with higher incidence of
cardiovascular events.'? Interestingly, a recent analysis
of the Framingham Offspring Study showed that the
association between elevated vWF levels and cardio-
vascular risk is stronger in patients with IR than in
those without IR." Given the high prevalence of IR
in PCOS,! this observation is particularly pertinent
in women with PCOS.

Both IR and obesity are considered major de-
terminants of plasma vWF levels and both are as-
sociated with elevated vWF levels.'“"> Therefore,
it is reasonable to assume that plasma vWF levels
are elevated in PCOS, i.e. a syndrome character-
ized by a high prevalence of both IR and obesity.!
However, none of the several studies that evaluated
circulating vWF levels in PCOS showed a signifi-

cant difference in these levels between women with
PCOS and control women.'®? In addition, there are
no studies that evaluated vWF levels in the differ-
ent PCOS phenotypes. Accordingly, the aim of the
present study was to evaluate plasma vWF levels in
a larger population of women with PCOS, to assess
these levels in overweight/obese and normal weight
subjects separately and to compare them among the
four PCOS phenotypes. We also aimed to determine
whether the anthropometric, metabolic and endo-
crine characteristics of women with PCOS correlate
with plasma vWF levels, with particular emphasis on
obesity, IR and hyperandrogenemia.

SUBJECTS AND METHODOLOGY

Patients

We studied 140 women with PCOS and 40 age and
body mass index (BMI)-matched healthy women (con-
trol group). All women with PCOS were outpatients
at the Gynecological Endocrinology Infirmary of the
Second Department of Obstetrics and Gynecology,
Aristotle University of Thessaloniki, Greece. Women
of the control group were healthy volunteers with
normal ovulating cycles (28 +2 days, blood progester-
one levels >10 ng/ml in two consecutive cycles), no
signs of hyperandrogenism and normal sonographic
appearance of the ovaries. Even though we tried to
include more women in the control group, this was
not feasible due to the strict inclusion criteria and
because most healthy women at this age are unmar-
ried, not contemplating pregnancy and therefore not
interested in undergoing hormonal tests.

Diagnosis of PCOS was based on the revised
criteria of Rotterdam.® None of the women studied
had galactorrhea or any endocrine or systemic disease
that could possibly affect reproductive physiology.
No woman reported use during the last semester of
any medication that could interfere with the normal
function of the hypothalamic-pituitary-gonadal axis.
When basic 17a-hydroxyprogesterone (170-OHP) lev-
els were >1.5ng/ml, the Synacthen test (0.25 mg/1ml;
Novartis Pharma S.A., Rueil-Malmaison, France) was
performed to rule out congenital adrenal hyperpla-
sia. Other causes of hyperandrogenemia, including
prolactinoma, Cushing’s syndrome and androgen-
secreting tumors, were also excluded.
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Informed consent was obtained from all women
and the study was approved by the institutional review
board. The study met the requirements of the 1975
Helsinki guidelines.*!

Study protocol

In all women, body weight, height and waist cir-
cumference (WC) were measured. Body weight was
measured with analog scales and in light clothing;
height was measured barefoot with a stadiometer.
The BMI was calculated by dividing weight (in kg)
by height squared (in m) to assess obesity. The WC
was defined as the smallest circumference at the level
of the umbilicus.

Baseline blood samples were collected between
days 3 and 7 of the menstrual cycle in the control group
and between 3 to 7 days after a spontaneous bleeding
episode in patients with PCOS, after an overnight fast.
The circulating levels of follicle-stimulating hormone
(FSH), luteinizing hormone (LH), prolactin (PRL),
testosterone (T), As-androstenedione (As4-A), dehy-
droepiandrosterone sulfate (DHEA-S), 170-OHP,
sex hormone-binding globulin (SHBG), glucose,
insulin, thyroid stimulating hormone (TSH) and free
thyroxin (FT4) were measured. Immediately after the
baseline blood sampling an oral glucose tolerance
test (OGTT) was performed; 75 g of glucose were
administered orally and serum glucose levels were
determined after 30, 60, 90 and 120 min. On the same
day, transvaginal ultrasonography was performed and

Patients with PCOS
(n=140)

/

the volume of each ovary and the number of follicles
in each ovary were determined.

Patients with PCOS and controls were divided
according to BMI into normal weight (BMI <25 kg/
m?; n=70 patients with PCOS and n=20 controls) and
overweight/obese (BMI >25 kg/m? n=70 patients
with PCOS and n=20 controls) (Figure 1).

Normal weight and overweight/obese patients
with PCOS were further subdivided into patients with
phenotypes 1 and 2 (n=40 and n=40, respectively)
and patients with the additional PCOS phenotypes
introduced by the 2003 criteria (n=30 patients with
phenotypes 3 and 4 and n=30 patients with pheno-
types 3 and 4) (Table 1 and Figure 1).° Patients with
phenotype 1 (“severe PCOS”) had oligo- or anovu-
lation (<8 spontaneous hemorrhagic episodes/yr),
biochemical hyperandrogenemia (early follicular
phase testosterone >60 ng/dl, corresponding to the
mean=2 SD of 200 control subjects measured in our
laboratory) or clinical manifestations of hyperandro-
genemia (Ferriman-Gallwey score >8), and polycystic
ovaries on ultrasound (>12 follicles with a diameter
of 2-9 mm in at least 1 ovary and/or ovarian volume
>10cm?) (Table 1). Patients with phenotype 2 had
oligo- or anovulation, biochemical hyperandrogenemia
or clinical manifestations of hyperandrogenemia and
normal sonographic appearance of the ovaries (Table
1). Patients with the additional PCOS phenotypes
introduced by the 2003 criteria had biochemical

Controls
(n=40)

Normal weight

Overweight/obese

Normal weight

Overnweight/obese

(n=70) (n=70) (n=20) (n=20)
Phenotypes 1and 2 Phenotypes 3and 4 Phenotypes 1 and 2 Phenotypes 3and 4
(n=40) (n=30) (n=40) (n=30)

Figure 1. Description of study groups.
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Table 1. Definition of the phenotypes of the polycystic ovary syndrome (PCOS)

Biochemical hyperandrogenemia or clinical

Polycystic ovaries in

PCOS phenotype Anovulation manifestations of hyperandrogenemia transvaginal ultrasonography
1 (severe PCOS) + + +

2 (anovulation and hyperandrogenemia) + +

3 (ovulatory PCOS) + +

4 (mild PCOS) + +

Definition is based on the 2003 Rotterdam criteria for the diagnosis of PCOS.6

hyperandrogenemia or clinical manifestations of
hyperandrogenemia and polycystic ovaries without
oligo- or anovulation [phenotype 3 (“ovulatory”
PCOS)] or had oligo- or anovulation and polycystic
ovaries, without biochemical hyperandrogenemia
or clinical manifestations of hyperandrogenemia
[phenotype 4 (“mild” PCOS)] (Table 1).

METHODS

Plasma glucose, insulin, FSH, LH, PRL, androgens,
17a0-OHP, TSH and FT4 concentrations were mea-
sured as previously described.”? Plasma vWF antigen
levels were determined by immuno-turbidimetry
(Dade Behring vVWF Ag® test, Dade Behring, Marburg,
Germany). The intra- and inter-assay coefficients of
variation were 1.4 and 2.1%, respectively, and the
reference range was 50-120%. Free androgen index
(FAI) was determined as follows: FAI = T (nmol/l)
x 100/ SHBG (nmol/l).” The homeostasis model as-
sessment of IR (HOMA-IR) index was calculated as
follows: HOMA-IR = fasting insulin (mIU/1) x glucose
(mg/dl) / 405.** The quantitative insulin sensitivity
check index (QUICKI) was calculated according
to the following formula: QUICKI = 1/[log Insulin
(mIU/) + log Glucose (mg/dl)].»

Transvaginal ultrasonography

Transvaginal ultrasonography was performed in all
women by an experienced operator. Ovarian volume
was calculated as follows: ovarian volume = (7/6) x
ovarian length x ovarian height x ovarian width.

Statistical analysis

Frequency matching was used to match women
with PCOS and controls for age and BMI. Data
analysis was performed with the statistical package
SPSS (version 17.0; SPSS Inc., Chicago, IL). Data

are reported as mean=SD. Because several tested
parameters did not follow normal distribution as
assessed with the Kolmogorov-Smirnov test, the
Mann-Whitney test was used for comparisons be-
tween groups. In addition, because we compared 22
different variables between patients with PCOS and
controls, we adjusted the p value for multiple compari-
sons according to the criteria proposed by Kusuoka
and Hoffman;?® accordingly, a p value <0.031 was
considered significant. Correlations between vWF
levels and other parameters were assessed via Spear-
man Rank Order correlation. Parameters that were
significantly correlated with vWF levels according to
Spearman’s correlation were included in a stepwise
linear regression analysis model to identify independ-
ent correlations with vWF levels.

RESULTS

Characteristics of the total study population are
shown in Tables 2 and 3. The mean age of the women
with PCOS (n=140) was 23.9+4.9 years and their
mean BMI was 27.2+6.6 kg/m?. The mean age of
the controls (n=40) was 23.8+3.3 years and their
mean BMI was 24.9+3.7 kg/m?. Women with PCOS
had lower plasma FSH and SHBG levels and higher
plasma T, As-A, DHEA-S, FAI and 17a-OHP levels
than controls. In addition, women with PCOS had
greater mean ovarian volume and a higher mean
number of ovarian follicles than controls. There were
no differences in markers of IR (plasma glucose and
insulin levels, the glucose/insulin ratio, the area under
the OGTT curve and the indices HOMA-IR and
QUICKI) between women with PCOS and controls.
Plasma vWF antigen levels were higher in women
with PCOS compared with controls (57.1%+27.7 vs.
45.9+21.9%, respectively; p=0.017; Table 3). In
addition, patients with phenotypes 1 and 2 of PCOS
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Table 2. Endocrine characteristics of the study population

Total study population Overweight/obese subjects Normal weight subjects
Patients with Patients with Patients with
PCOS Controls PCOS Controls PCOS Controls
(n=140) (n=40) (n=70) (n=20) (n=70) (n=20)
Age (years) 23.9+49 23.8+33 25.6+5.9 25.3%3.1 223%29 22227
FSH (mIU/ml) 63=x1.8 7.8%2.5 6.0£1.7¢ 7.7%£2.7 6.7x1.9 7.8+2.4
LH (mIU/ml) 7.5%£4.7 5.9+29 6.6+4.1 47+15 8.3+5.1 7.1£34
PRL (ng/ml) 14.4+71 12.6+4.2 13.8+7.2 13.1x4.7 15.6+7.0 12.1+3.8
T (ng/dl) 79.1£30.3¢ 32.9+13.9 80.3+33.5¢ 28.0+13.7 77.9+26.7¢ 37.8+12.8
As-A (ng/ml) 29=x1.1°¢ 1.7+0.4 2.9+1.0¢ 1.6+0.5 3.0x1.2¢ 1.8+0.4
DHEA-S (ng/ml) 3248.5£1292.3¢ 1943.1£848.0  3169.7+1413.4¢ 1662.6+831.4  3328.4+1161.3¢ 2223.6+786.9
FAI 7.87£6.30°¢ 2.01+1.19 9.83x7.42¢ 1.97+1.41 5.88+4.09¢ 2.06x0.94
170-OHP (ng/ml) 1.1+0.5¢ 0.7x0.3 1.1+0.5¢ 0.7x0.3 1.0+04¢ 0.8+0.3
SHBG (nmol/ml) 46.8+28.1¢ 65.9+29.4 35.4+20.5¢ 63.7835+37.8 58.3+30.1 68.0+18.2
Ovarian volume (cm®) 8.1£3.6¢ 53%19 8.4+3.3¢ 52%19 7.9+3.8° 5.5%19
Ovarian follicles 10.6+4.8¢ 6.2*1.9 10.5%3.7¢ 6.4%2.0 10.8+5.7¢ 59+19

PCOS: polycystic ovary syndrome; FSH: follicle stimulating hormone; LH: luteinizing hormone; PRL: prolactin; T: testosterone; As-
A: As-androstenedione; DHEA-S: dehydroepiandrosterone sulfate; FAI: free androgen index; 17a-OHP: 17a-hydroxyprogesterone;
SHBG: sex hormone-binding globulin

Significant differences between women with PCOS and controls within the total population, within the overweight/obese subgroup
and within the normal weight subgroup (Mann-Whitney test): a: p<0.01; b: p<0.005; ¢: p<0.001.

Table 3. Metabolic/coagulation characteristics of the study population

Total study population Overweight/obese subjects Normal weight subjects

Patients with Patients with Patients with
PCOS Controls PCOS Controls PCOS Controls

(n=140) (n=40) (n=70) (n=20) (n=70) (n=20)
Age (years) 23.9+49 23.8+33 25.6+5.9 25.3%3.1 22.3%29 22227
BMI (kg/m?) 27.2%6.6 24.9+3.7 322+5.8¢ 27927 22117 22.0+1.6
Waist (cm) 84.2+15.6 80.0+£9.9 95.4+14.4° 86.6+8.4 72.8+5.0 73.4+6.1
WC/H 0.78+0.08 0.78+0.06 0.82+0.08 0.79+0.06 0.73+0.05 0.75+0.06
Glucose (mg/dl) 97.9+242 97.4+9.8 102.4+323 99.5+10.8 93.4+9.3 953+84
Insulin (uWIU/ml) 12.0£9.0 9.1+6.4 15.7£10.5 9.9+4.8 8.4x51 8.4x7.7
Glucose/insulin 11.85+7.08 14.69+8.93 9.89+7.29 13.80+10.52 13.83+6.31 15.57%£7.19
AUC OGTT 15031.1£3047.6 14266.9+3280.6  15391.9+3374.6 15746.2+3847.3  14675.3+2663.6¢ 12787.5+1637.5
HOMA-IR 3.09+4.15 2.23+1.63 4.25+5.52 247+1.25 1.94+1.25 1.99+1.94
QUICKI 0.34+0.03 0.35+0.03 0.33+0.03 0.34+0.04 0.35+0.03 0.36+0.03
VWF (%) STA£27.7° 45.9+21.9 63.2+31.6 49.9+28.2 50.9+21.6 41.8+125

PCOS: polycystic ovary syndrome; BMI: body mass index; WC/H: waist to hip ratio; AUC OGTT: area under the oral glucose toler-
ance test curve; HOMA-IR: homeostasis model assessment of insulin resistance; QUICKI: quantitative insulin sensitivity check index;
vWEF: Von Willebrand factor antigen

Significant differences between women with PCOS and controls within the total population, within the overweight/obese subgroup
and within the normal weight subgroup (Mann-Whitney test): a: p=0.017; b: p=0.016; c: p<0.005.
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had higher plasma vWF antigen levels than controls
(57.7%28.2 and 45.9£21.9, respectively; p=0.017;
Figure 2). In contrast, plasma vWF antigen did not
differ between patients with phenotypes 3 and 4 of
PCOS and controls (56.3+27.2 and 45.9%21.9, respec-
tively; Figure 2) or between patients with phenotypes
1 and 2 of PCOS and patients with phenotypes 3 and
4 of PCOS (57.7%28.2 and 56.3%+27.2, respectively;
Figure 2).

Characteristics of overweight/obese women with
PCOS and controls are shown in Tables 2 and 3.
Overweight/obese women with PCOS had greater
BMI than controls. Plasma androgen levels were also
higher in the former. Markers of IR did not differ
between overweight/obese women with PCOS and
controls. Overall, plasma vWF antigen levels did not
differ between overweight/obese women with PCOS
and controls. In addition, plasma vWF antigen levels
did not differ significantly between overweight/obese
patients with phenotypes 1 and 2 of PCOS, overweight/
obese patients with phenotypes 3 and 4 of PCOS and
overweight/obese controls (63.5%+31.1,62.9+32.8 and
49.9+28.2, respectively; Figure 2).

Characteristics of normal weight women with
PCOS and controls are shown in Tables 2 and 3.

120

100 A

80

60 <

40 -

All subjects Overweaight Nomal weight

I Phenotypes land 2
[ Phenotypes 3and 4
N Controls

Figure 2. Plasma Von Willebrand factor (vWF) antigen levels
according to the body mass index and the phenotype of polycys-
tic ovary syndrome.

Again, normal weight women with PCOS had higher
plasma androgen levels than controls. The area under
the OGTT curve was greater in women with PCOS
and was the only marker of IR that differed signifi-
cantly between the two groups. Plasma vWF antigen
levels did not differ between normal weight women
with PCOS and controls. In addition, plasma vWF
antigen levels did not differ significantly between
normal weight patients with phenotypes 1 and 2 of
PCOS, normal weight patients with phenotypes 3 and
4 of PCOS and normal weight controls (51.8+23.9,
49.7+18.4 and 41.8+12.5, respectively; Figure 2).

Overweight/obese women with PCOS had higher
plasma vWF antigen levels than normal weight women
with PCOS (63.2%31.6 and 50.9%21.6, respectively;
p=0.029).

In the total population, in univariate analysis, plas-
ma vWF antigen levels correlated with age (r=0.175,
p=0.019), the FAI (r=0.152, p=0.041) and markers of
obesity [BMI (r=0.237, p=0.001) and WC (r=0.170,
p=0.022)] and IR [plasma glucose (r=0.179, p=0.016)
and insulin levels (r=0.216, p=0.004), glucose/insulin
(r=-0.183, p=0.014), HOMA-IR (r=0.242, p=0.001)
and QUICKI (r= -0.242, p=0.001)]. In multivariate
analysis, plasma vWF levels independently corre-
lated with age, BMI, WC, plasma glucose levels and
QUICKI (p=0.004, p=0.003, p=0.021, p=0.037 and
p=0.043, respectively).

In women with PCOS, in univariate analysis, plas-
ma vWF antigen levels correlated with age (r=0.256,
p=0.002) and markers of obesity [BMI (r=0.252,
p=0.003) and WC (r=0.196, p=0.020)]. In multi-
variate analysis, plasma vWF levels independently
correlated with age and BMI (p=0.002 for both
correlations).

In controls, in univariate analysis, plasma vWF anti-
gen levels correlated with plasma PRL levels (r=0.316,
p=0.047) and with markers of IR [plasma glucose
(r=0.420, p=0.007) and insulin levels (r=0.511,
p=0.001), glucose/insulin (r=-0.434, p=0.005),
HOMA-IR (r=0.544, p<0.001) and QUICKI (r=
-0.544, p<0.001)]. In multivariate analysis, plasma
vWEF levels independently correlated with the QUICKI
(p=0.001).
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DISCUSSION

We report significantly higher plasma vWF levels
in women with PCOS compared with age- and BMI-
matched healthy volunteers. This finding is in contrast
with previous studies, which did not detect differences
in circulating vWF levels between women with PCOS
and controls.'** However, the present study is the
largest that assessed plasma vWF levels in PCOS
(n=140) and this allowed us to detect an increase in
plasma vWF levels in women with PCOS. Indeed,
when we analyzed overweight/obese and normal
weight subjects separately, there were no differences
in plasma vWF levels between patients and controls in
these smaller subgroups (n=70). Accordingly, in the
largest study of vWF levels to date, Moran et al., who
evaluated a comparable number of overweight/obese
women with PCOS (n=_80), did not find an increase
in vVWF levels compared with controls.’® Moreover, in
some previous studies, women with PCOS were not
age-'** and BMI-matched® with controls. This might
have obscured the differences in vVWF levels between
the two groups because vWF levels correlated with
age in the present study and with BMI in both the
present and previous studies.'®

This is the first study that evaluated circulating
vWF levels in the four different phenotypes of PCOS.
It is well established that patients with phenotypes
1 and 2 have a more adverse metabolic profile than
patients with phenotypes 3 and 4.” However, plasma
vWF levels did not differ between these two groups in
our study. Nevertheless, in the total study population,
plasma vWF antigen levels were higher in patients
with phenotypes 1 and 2 than controls but did not
differ between patients with phenotypes 3 and 4 and
controls. Therefore, it appears that the increase in
plasma vWF antigen levels in phenotypes 1 and 2 is
the main driver of the elevated vWF levels in PCOS.
These differences however were not observed when
overweight/obese and normal weight subjects were
analyzed separately. Clearly, more studies are needed
to confirm that phenotypes 1 and 2 are associated
with a greater increase in vWF levels than pheno-
types 3 and 4.

Insulin resistance is a risk factor for endothelial
dysfunction and results in elevated vWF levels.?
However, in our study, plasma vWF levels did not

correlate with markers of IR in women with PCOS
and markers of IR did not differ between women with
PCOS and controls. In addition, in previous studies
in both non-obese!”!? and obese women with PCOS, '8
vWF levels did not correlate with indices of IR.
Moreover, treatment with metformin of overweight/
obese women with PCOS did not affect vWF levels
despite an improvement in IR.>”” More studies are
therefore required to determine the contribution of
IR to the increased vWF levels in PCOS.

In our study, plasma vWF levels did not correlate
with circulating androgens in women with PCOS and
this is in agreement with previous studies in both non-
obese! and obese women with PCOS.'® In addition,
plasma vWF levels did not differ between patients
with phenotypes 1 and 2 of PCOS and patients with
phenotypes 3 and 4 despite the more marked hyper-
androgenemia in the former. Moreover, treatment of
overweight/obese women with PCOS with oral contra-
ceptives (ethinyl estradiol plus cyproterone acetate)
had no effect on vWF levels despite a reduction in
plasma androgen levels.” Finally, administration of
testosterone to healthy females did not affect plasma
vWEF levels.? Circulating androgens therefore do not
appear to affect vWF levels in PCOS.

Plasma vWF levels were rather low in the controls
in the present study. It is possible that the young age
of our population played a role in these low levels,
since age directly correlated with vWF levels in our
study. In addition, samples were stored deep frozen
at -70°C and this might have also resulted in low
vWF levels. Indeed, previous studies reported that
cold-temperature storage of blood leads to signifi-
cant loss of vYWF.? However, all samples from both
patients and controls were thawed at the same time
and tested in the same run. We thus believe that our
findings regarding the comparison of plasma vWF
levels between patients and controls are valid.

In conclusion, our findings suggest that plasma
vWEF levels are elevated in women with PCOS. This
increase appears to be more pronounced in women
with phenotypes 1 and 2 of PCOS. Insulin resistance
potentially mediates this increase in vWF levels,
whereas hyperandrogenemia does not appear to play
a role. Given the association between vWF levels
and increased incidence of cardiovascular events,'?
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the evaluation of vWF levels in women with PCOS
might be helpful for cardiovascular risk stratifica-
tion, but prospective studies are needed to support
this hypothesis.
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