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Abstract
Background: To verify if in lean polycystic ovary syndrome (PCOS) patients, the smok-
ing habitude might increase the risk of cardiovascular (CV) disease.

Materials and Methods: In this prospective observational study, eighty-one women were
divided into the following three groups: group I with 27 non-smokers, group II with 26
light-smokers (1-10 cigarettes/day), and group III with 28 heavy smokers (>10 cigarettes/
day). They were submitted to fasting blood sampling; blood measurement of nitrites/ni-
trates (NO,-/ NO,), biochemical and hormonal parameters; ovarian ultrasonographic (US)
analysis; doppler evaluation of uterine and ophthalmic arteries; brachial artery flow-medi-
ated vasodilatation; 24-hour ambulatory blood pressure monitoring; and oral glucose toler-
ance test (OGTT).

Results: Doppler analysis revealed higher uterine and ophthalmic arteries pulsatility in-
dex (PI) and ophthalmic artery back pressure in group III compared with group I. The
brachial artery diameter and PI, at baseline, was similar among all groups. After the re-
active hyperemia, a more intense vasodilatation was observed in group I in comparison
with group III. The 24-hour blood pressure demonstrated that, in group III patients, the
24-hour, day- and night-time diastolic blood pressure (DBP), was higher in comparison
with non-smokers. The atherogenic index of plasma (AIP) was higher in heavy smokers
than in non-smokers. The leukocytes and homocysteine (HCY) values were increased
in group III. The NO,-/ NO,- plasma levels were reduced in heavy smokers in compari-
son with non-smokers. The insulin, glucose and C-peptide plasma values were higher in
group III than in other groups. In heavy smokers, the estimates of insulin sensitivity (ISI)
and pancreatic B-cell function (HOMA-B) were higher compared to the other groups.

Conclusion: Smoking habitude in lean PCOS patients may increase the soft markers of
CV risk.
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Introduction

The polycystic ovary syndrome (PCOS) is one of
the commonest endocrinopathy of premenopausal
women (1). Insulin resistance is a well-recognized
feature of PCOS and, in association with hyper-
tension and dyslipidemia, may increase the risk of
cardiovascular (CV) and cerebrovascular events

(2-4). These risk factors are compounded by cen-
tral obesity, which is a worsening and confound-
ing factor present in the majority of women with
PCOS (2). In the absence of adequate outcome
studies, surrogate markers (i.e. increased carotid
intima thickness, reduced brachial artery flow
mediated vasodilatation, increased left ventricu-
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lar mass, and increased homocysteine (HCY) and
leukocyte levels, which provide a non-invasive as-
sessment of arterial structure and function, have been
evaluated to determine whether women with PCOS
have evidence of subclinical CV disease as compared
with controls. Despite the existence of no gold stand-
ard for the evaluation of the endothelial function,
the measurement of the flow-mediated dilatation in
the brachial artery is the most studied and promising
method for clinical application. Endothelial dysfunc-
tion in peripheral arteries correlates with the presence
of coronary artery endothelial dysfunction (5). There-
fore, endothelial dysfunction in PCOS behaves as a
marker for patients with preclinical vascular disease
and may identify, at an early age, patients in whom
therapeutic intervention could be beneficial. Pepene
identified a platelet/endothelial cell adhesion mole-
cule (PECAM)-1, with predictive value for endothe-
lial dysfunction, increased in women with PCOS (6).

Cigarette smoking is a major health hazard.
Cigarette smoke contains over 4,000 chemical
constituents of which 60, at least, are toxic (7) and
predispose to cancer, respiratory and CV diseases
(8-10). Furthermore, smoking-associated changes
in endocrine, metabolic and clinical features have
been recently described in women with PCOS (11).

The individuation, in PCOS patients, of smoking
specific CV effects may be of interest in counseling
life-style modifications (smoking cessation, diet,
physical exercise, blood pressure control, etc.).

To avoid age- and obesity-related bias, the aim
of this study was to verify if in young lean PCOS
patients, the smoking habitude might have an addi-
tive effect in worsening a risk of CV disease.

Materials and Methods

Ninety-five young adult (18-35 years), lean (body
mass index (BMI): 19-25 Kg/m?) Italian women
with PCOS, referring to our clinic (Sant’Orsola-
Malpighi Hospital, Bologna, Italy) for contracep-
tive necessities, were consecutively recruited into
the present prospective observational study. The
Rotterdam criteria (12) were used for the diagno-
sis of PCOS.

All women made no use of alcohol, psychoac-
tive or recreational substances, did not take regu-
lar intense exercise, and did not receive hormonal
therapy for at least 6 months prior to the study. In
addition, women with known diabetes, renal or he-
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patic illness and with folic acid and vitamin B12
deficiencies were excluded from the study. The
study protocol was in accordance with the Helsin-
ki II declaration and was approved by the Hospital
Research Review Committee. Women participated
in the study after that an informed consent was ob-
tained.

Twelve women were uninterested in complet-
ing the study. On the day of ultrasonographic
(US) analysis, two subjects presented a persistent
corpus luteum and were excluded from the study.
Thus, 81 patients fulfilled the inclusion criteria and
completed the study. On the basis of the smoking
habit, the patients were divided into: group I with
27 nonsmokers, group II with 26 current (>2 years)
light smokers (1-10 cigarettes/day; mean 4.3 + 1.9/
day), and group III with 28 current heavy smok-
ers (>10 cigarettes/day; mean 17.5 + 5.6/day). The
smoking duration was 6.5 + 1.1 years and 8.8 £2.6
years, respectively, in group Il and group II1.

After the first screening evaluation, participants
were assessed, in the early follicular phase (cycle
days 3-5) with a detailed history and medical ex-
amination. Standing height and weight were meas-
ured and the mean BMI was calculated. A Ferri-
man-Gallwey score >8 indicated hirsutism.

Fasting blood samples were drawn for testing bi-
ochemical and hormonal parameters. Plasma con-
centrations of nitrites/nitrates (NO,-/ NO,-) were
also assayed (13). Patients were further submitted
to utero-ovarian US analysis and to color doppler
evaluation of uterine and ophthalmic arteries. In
addition, US and color doppler analysis of bra-
chial artery flow-mediated vasodilatation and 24-
hour ambulatory blood pressure monitoring were
performed. On the subsequent day, an oral glucose
tolerance test (OGTT) was performed and blood
was collected for the analysis of glucose, insulin
and C-peptide. The lipid profile was studied.

US examination of the ovaries was performed
with the use of a multi-frequency transvaginal
transducer (RIC5-9H, Voluson 730 Expert Sonog-
raphy System; GE Healthcare Ultrasound, Zipf,
Austria). Ovarian volume, number and diameter of
the follicles were recorded. Doppler flow measure-
ments of the uterine arteries were performed trans-
vaginally with a multi-frequency color doppler
system (Voluson 730 Expert Sonography System
Color Doppler, 5, 14). In addition, a color doppler



analysis of ophthalmic arteries was performed us-
ing a multi-frequency linear array (SP10-16, Vo-
luson 730 Expert Sonography System Color Dop-
pler, 15, 16).

The pulsatility index (PI) was electronically cal-
culated by the machine for the ovarian stromal,
uterine and ophthalmic arteries. In view of the
difficulty in interpreting the PI in low-impedance
vascular beds such as the cerebral circulation
(ophthalmic artery), downstream "back-pressure"
was calculated using the model proposed by Gos-
ling et al. (15).

The smoking habitude of the scanned patients
was unknown. Ultrasound and color doppler anal-
yses were performed by a single examiner (C.B.).

For the evaluation of the Brachial artery flow me-
diated vasodilatation, a high-resolution ultrasound
transducer was placed over the brachial artery to
measure its diameter before and after reactive hy-
peremia (17). Briefly, the right brachial artery was
evaluated with continuous scanning held for 30 sec-
onds using a multi-frequency linear array transducer
(SP10-16, Voluson 730 Expert) over a longitudinal
section 5-7 cm above the right elbow. A blood pres-
sure cuff around the upper arm was then inflated to
a pressure of 200 mmHg for 5 minutes. This caused
ischemia and consequent dilatation of downstream
resistance vessels. The subsequent cuff deflation in-
duced a brief high-flow condition through the brachial
artery (reactive hyperemia) due to the intense nitric
oxide release from the endothelial cells. After this,
scans were performed at 15 seconds, 60 seconds and
120 seconds. Flow mediated vasodilatation was also
determined as the percentage change from baseline
to 15 and subsequently to 120 seconds after sudden
deflation to arm ischemia. A doppler analysis of bra-
chial artery (Voluson 730 Expert Sonography System
Color Doppler) was performed and the Pls registered
(as absolute values and percentage variations) at base-
line and just after US measurements of brachial artery.

Ambulatory blood pressure monitoring was per-
formed using a portable lightweight device (Space
lab 90121; Critikon, WA, USA) applied to the non-
dominant arm (18). Patients wore the device for 24
hours with measurements every 30 minutes dur-
ing the day (08.00 a.m. to 10.00 p.m.) and hourly
overnight (10.00 p.m. to 08.00 a.m.). The 24-hour
blood pressure monitoring was considered statis-
tically acceptable in presence of >75% successful
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measurements. Systolic blood pressure (SBP) and di-
astolic blood pressure (DBP) were calculated as 24-
hour, day- and night-time variables. A blood pressure
<130/80 mmHg for 24 hours was considered normal.
The percentage of recordings exceeding these refer-
ence values was calculated. Two researchers (E.M.,
R.F.) separately analyzed the results.

Assays

Peripheral blood flow was obtained from all pa-
tients between 8.00 a.m. and 11.00 a.m., after an
overnight fast, on the same day that US and dop-
pler examinations took place, and different hormo-
nal and biochemical parameters were analyzed at
the Sant’Orsola-Malpighi Hospital Central Labo-
ratory, Bologna, Italy.

Plasma concentration of estradiol (E,), testosterone
(T), androstenedione (A), 17-hydroxy-progesterone
(17-OH-Pg) and sex hormone binding globulin
(SHBG) were assayed (16, 19). The free androgen
index (FAI) was calculated: FAI=T (nmol/I))SHBG
(nmol/I) x100. Calculated free testosterone (cFT)
was assessed using the formula available on a web-
site of the International Society for the Study of the
Aging Male (http//www.issam.ch/freetesto.htm). Hy-
perandrogenemia was defined as cFT >0.028 nmol/l
(20). Results of hormonal values were converted to
International System of Units (SI).

"The lipid profile (serum total cholesterol, high
density lipoprotein (HDL) cholesterol and triglyc-
erides) was studied. Low density lipoprotein (LDL)
cholesterol was estimated as described by the Friede-
wald equation (21). The atherogenic index of plas-
ma (AIP) was computed: AIP=log [triglycerides
(mmol/l)/HDL-cholesterol (mmol/1)]" (22). Results
of circulating lipids were converted to SI units.

Leukocyte count (nx10°) was determined within
2 hours after venipuncture.

An aliquot of peripheral blood was immedi-
ately centrifuged, and serum was stored at -70°
until assays. Nitric oxide (NO) production was
assessed by monitoring serum levels of stable
oxidation products of NO metabolism (NO,-/
NO,-). The NO,-/NO,- were assayed at Mod-
ena-Reggio Emilia University, Modena, Italy
(13, 19). In addition, plasma HCY concentra-
tions were determined with a method based on
fluorescence polarisation immunoassay using
Abbott (Imx, USA) analyzer (12).
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On the subsequent day, after a further overnight
fast, an OGTT (75 g Curvosio; Sclavo, Cinisello
Balsamo, Italy) was performed, and blood was
collected for the analysis of glucose, insulin and
C-peptide at 15 minutes before and 30, 60, 90,
and 120 minutes after the oral ingestion of glucose
(23). Results, when necessary, were converted to
SI units. The definition for normal fasting glucose,
impaired fasting glucose, and diabetes were based
on the established American Diabetes Association
(ADA) criteria (24). Glucose tolerance was as-
sessed by World Health Organization (WHO) cri-
teria (23). Glucose, insulin and C-peptide determi-
nations during the OGTT were used to calculate
the respective areas under the curve (AUC ) at
120 minutes (3). The partial (0-90’ and 90°-120")
AUC ,, and AUC, ., were calculated. The ho-
meostatic model assessment for insulin resistance
(HOMA-IR), quantitative insulin sensitivity check
index (QUICKI), insulin sensitivity index (ISI)
and fasting glucose/insulin ratio were derived as
estimates of insulin sensitivity. In addition to the
fasting C-peptide and insulin levels, the insulino-
genic index and the homeostatic model assessment
for percent pancreatic B-cell function (HOMA-B)
were derived as indices of pancreatic -cell func-

tion. For the same purposes, B-cell secretion of
insulin was estimated by the following indices:
predicted indexes of 1** and 2™ phase of insulin se-
cretion (1% and 2™ PHIS). The fasting C-peptide/
insulin molar ratio was considered an index of he-
patic insulin clearance (3).

Statistical analysis

Statistical analysis (SPSS 11.5 software; SPSS
inc., Chicago IL, USA) was performed using the
one-way ANOVA with Bonferroni’s post-hoc cor-
rection. The relationship between the parameters
was analyzed using the Spearman’s nonparametric
correlation. A p value <0.05 was considered as sta-
tistically significant. Data are presented as mean +
SD, unless otherwise indicated. The statistical anal-
ysis was performed by a single researcher (B.B.).

Results

All 81 women completed the study. The three
groups of studied patients, on the basis of inclusion
criteria, did not differ in age and BMI. The age at
menarche was similar in the observed groups of
patients (Table 1). The Ferriman-Gallwey score
was as indicated in table 1.

Table 1: Physical, clinical, and hormonal profile in non smoking (group I) versus light (group II) and heavy smoking (group

1II) PCOS patients
Significance
Group I (n=27) Group II (n=26) Group III (n=28) Ivs.II Tvs. I II vs. 1T
Age (Y) 26.1+5.2 255432 26.5+42
BMI (Kg/m?) 224+2.8 229+1.9 233+4.0
Ferriman-Gallwey score 12.7+5.1 129+59 13.8+4.7
Age at menarche (Y) 11.7+1.1 11.4+14 12.0+2.3
Estradiol (pmol/l) 169+ 91 146 + 71 199 + 84
Androstenedione (nmol/l) 12.0+4.5 12.7+4.6 155+49 0.039
17-OH-progesterone (nmol/l) 4.6+2.6 44+2.1 52+3.0
Testosterone (nmol/l) 1.8+1.0 20+1.3 2.1+1.7
SHBG (nmol/l) 50.0 + 18.5 434+174 40.9 = 18.3
FAI (%) 5.6+4.2 6.7+42 71£56 0.0312
c¢FT (nmol/l) 0.029 +0.002 0.034 +0.002 0.036 +0.003 0.027

BMI; Body mass index, SHBG; Sex hormone binding globulin and cFC; calculated free testosterone.
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The plasma levels of E,, T, A, and 17-OH-Pg are
reported in table 1. The SHBG values, the FAI and
the cFT resulted as reported in table 1.

At the US evaluation, the mean ovarian vol-
ume and the mean number of small subcapsular
follicles were not significantly different among
the three groups (Table 2). At doppler analysis,
a significantly higher mean uterine PI was found
in group III (3.16 + 0.79) compared with group |
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(2.37 £ 0.64; p=0.003). No significant differences
were observed between light smokers (group II)
and non-smokers (group I). The mean PI of oph-
thalmic arteries was higher in light and heavy
smokers than in non-smokers. Also, the ophthal-
mic artery back-pressure was significantly higher
in group II (62 +£ 4 mmHg; p=0.007) and group 111
(65 £ 5 mmHg; p<0.001) than in group I (51 =9
mmHg, Table 2).

Table 2: Ultrasonographic, Doppler measures and 24 h blood pressure monitoring in non smoking (group 1) versus light
(group II) and heavy smoking (group III) PCOS patients

Significance
Group I (n=27) Group II (n=26) Group III (n=28) Ivs.II Tvs. I II vs. 11T
Ovarian volume (ml) 123+2.0 13.0+2.1 133+1.7
Follicles (n) 15.8+5.8 13.8+2.7 13.8+4.0
Uterine artery (PI) 2.37+0.64 2.64+0.95 3.16+0.79 0.003
Ophthalmic artery (PI) 1.72 £0.45 2.09 +£0.56 2.10+0.48 0.034 0.027
Ophthalmic back pressure (mm/Hg)  51+9 62+4 65+5 0.007 <0.001
24 h DBP (mm/Hg) 68+5 69+5 73+7 0.027
08-22 h SBP (mm/Hg) 114£5 115£9 11249
08-22 h DBP (mm/Hg) 70+6 7246 76+7 0.003
22-08 SBP (mm/Hg) 103+5 105+9 106 +9
22-08 DBP (mm/Hg) 59+5 62+7 65+7 0.050
24 h% SBP >130 mmHg 9+4 9+7 11+3
24 h% DBP >80 mm/Hg 12+38 17+5 17+4

PI; Pulsatility index.
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The brachial artery diameter, at baseline, was
similar in all the patients (Fig 1). After the re-
active hyperemia, a more intense vasodilatation
was observed in group I in comparison with
group III. The persistence of the effect was
not significantly different among the groups.
The percentage change at 15-second was sig-
nificantly lower in group III than in group I. At
120-second, the reactive hyperemia was similar
in all patients. At baseline, the PI of the bra-
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Fig 1: Brachial artery ultrasonographic analysis (Left).

chial artery was slightly, but not significantly,
higher (5.0 £ 1.5) in group III than in group II
(4.8 £ 1.4) and group I (4.6 = 1.6). The doppler
variations at level of the brachial artery were
more evident and persistent in non-smokers
than in heavy smokers. The percentage change
at 15-second was significantly higher in group |
than group III. At 120-second, the reactive hy-
peremia was still kept only in non-smokers and
light smokers (Fig 1).
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A. (upper panel). Brachial artery diameter was similar, at baseline, in all patients. After reactive hyperemia (15 seconds), a more
intense vasodilatation (a; p=0.048) was observed in non-smokers. Thereafter, and since the end of the study (120 seconds), no
further differences were evidenced.

B. (lower panel). The percentage changes 15 seconds after reactive hyperemia was lower in heavy smoking than in non-smok-
ing patients (b; p=0.012). At 120 seconds, the value was similar in all groups.

Brachial artery doppler analysis (Right).

C. (upper panel). At baseline, the pulsatility index (PI) was similar in all patients. After reactive hyperemia (15 seconds), a more
intense vasodilatation (a; p=0.033) was observed in non-smokers in comparison with heavy smokers. The persistence of reactive
hyperemia was more evident in non-smokers than in heavy smokers (b; p=0.011).

D. (lower panel). The percentage changes 15 seconds after reactive hyperemia was lower in heavy smoking than in non-smok-
ing patients (a; p=0.049). At 120 seconds, reactive hyperemia was significantly reduced in heavy smokers than in light smokers
(c; p=0.039) and in non-smokers (b; p=0.023).
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The 24 hour blood pressure monitoring,
among the groups, showed no significant dif-
ferences in the 24-hour, day- and night-time
SBP values. However, in group III patients,
the 24 hour, day- and night-time DBP, was,
although in the normal range, significantly
higher in comparison with non-smokers. The
percentage of recordings, exceeding a blood
pressure of 130/80 mmHg for the 24 hour,
was similar among the groups (Table 2).

Total cholesterol, HDL and LDL choles-
terol and triglycerides were not significantly
different among the three groups. However,
the AIP was significantly higher in heavy
smokers than in non-smokers (Table 3). The
leukocytes were slightly, but significant-
ly, increased in group III (7,400 £ 1,800)
in comparison with group II (6,200 + 1,
200; p=0.049) and group I (6,100 £+ 1,700;
p=0.035). The HCY was slightly higher in
group III (11.2 + 2.7 pmol/l) than in group I
(9.3 £ 2.8 umol/l; p=0.031). The NO,-/ NO,-
plasma levels were significantly reduced
in heavy smokers in comparison with non-
smokers (Table 3). Fasting values of glucose,
insulin, and C-peptide are reported in table 3.
The insulin plasma resulted in higher values
in heavy smokers than in other groups. The
glucose, insulin, and C-peptide plasma val-
ues after the OGTT are reported in fig 2. The
area under the curve (AUC ) for glucose, in-
sulin and C-peptide are shown in table 3: the
group III patients presented the worst results.
Furthermore, these patients presented higher
values also in the later partial (AUC, )
glucose, insulin and C-peptide areas under
the curve. The different estimates (HOMA-
IR, QUICKI, ISI, and glucose/insulin ratio)
of insulin sensitivity and indices of pancre-
atic B-cell function (HOMA-B, insulinogenic
index, 1** and 2™ PHIS) are reported in ta-
ble 3. In the same table (Table 3), the values
of the fasting C-peptide/insulin molar ratio
(as an index of hepatic insulin clearance) are
shown.

The relation between smoking and studied
parameters is reported in table 4.

Smoking and PCOS
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Fig 2: Oral glucose tolerance test (OGTT).

A. (upper left panel). Glucose during OGTT. The circulat-
ing glucose levels, at 90 and 120 minutes after oral glucose
load, were significantly higher in heavy smokers than non-
smokers (a; p=0.019; b; p=0.001).

B. (upper right panel). Insulin during OGTT. The plasma
insulin levels, at 60 and 120 minutes, were significantly
higher in heavy smokers than non-smokers (a; p=0.032; b:
p=0.017).

C. (lower panel). C-peptide during OGTT. The circulating
C-peptide levels, at 60 and 120 minutes, were significantly
higher in heavy smokers than non-smokers (a; p=0.047; b;
p=0.035).
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Table 3: Metabolic Profile in non smoking (group I) versus light (group I1) and heavy smoking (group I11) PCOS patients

Significance
Group I (n=27) Group II (n=26) Group III (n=28) Tvs. I II vs. 11T
Total cholesterol (mmol/l) 175+45 160+ 16 165 +33
HDL cholesterol (mmol/l) 61=13 6112 58+ 10
LDL cholesterol (mmol/I) 96 =39 87+13 89+26
Triglycerides (mmol/l) 91+71 73+29 100 + 54
AIP (nmol/l) -0.36 +0.05 -0.27+0.38 -0.17 +£0.05 0.028
Leucocytes (n x 1.000) 63+1.7 62+12 74+1.8 0.035 0.049
Homocysteine (numol/l) 93+28 99+27 11.2+2.7 0.031
NO,/NO, (pmol/l) 284469 23.6+6.7 214466 0.049
Insulin AUC_,, (pmol/l) 42170 + 27050 66210 + 37500 63333 + 32910
Insulin AUC, ., (pmol/l) 15160 + 11080 20830 + 15750 26701 = 15750 0.002
C-peptide AUC,,, (nmol/l) 234+ 81 282+93 326+ 94 0.009
C-peptide AUC | (nmol/l) 141 £ 51 17771 185+77
C-peptide AUC, ,,, (nmol/l) 63 +£25 73 +29 89+24 0.011
HOMA-IR 1.2+1.7 20+1.8 2.1+1.4 0.037
QUICKI 0.386 +0.043 0.381+0.052 0.373 £ 0.064
ISI 0.11+0.03 0.10+0.02 0.09 +0.03
Fasting glucose/insulin ratio 12.3+0.7 10.4+04 72+04 <0.001
HOMA-B 18561 199 + 76 255+ 50 0.022
Insulinogenic index 0.07 £ 0.04 0.08 £ 0.04 0.13£0.07 0.006 0.014
Ist PHIS 1586 + 447 1278 + 487 1079 £ 317 0.047
2" PHIS 464 + 75 380 + 80 324 +97 0.043
Fasting C-peptide/insulin ratio 11.6+2.6 11.8+2.6 8.6+3.0 0.033 0.027

HDL; High Density lipoprotein, LDL; Low density lipoprotein, AIP; Atherogenic index of plasma, AUC; Area under
the curve, HOMA-IR; Homeostatic model assessment estimates for insulin resistance, QUICKI; Quantitative insulin
sensistivity check index, ISI; Insulin sensitivity index, HOMA-B; Percent pancreatic f-cell function and PHIS; Phase
of insulin secretion.
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Table 4: Relationship between cigarettes and different
measures, analyzed using Spearman’s Nonparametric

Correlation
p p
Androstenedione 0.209 0.050
FAI 0.373 0.001
AIP 0.331 0.001
NO,/NO, -0.466 <0.001
Leucocytes 0.363 0.001
Uterine artery P1 0.284 0.031
Ophthalmic artery PI 0.396 0.001
Ophthalmic artery back pressure 0.396 0.001
Brachial artery PI 0.214 0.047
Fasting insulin 0.236 0.042
Insulin AUC,,, 0.276 0.030
Insulinogenic index 0.264 0.029

FAI; Free androgenic index, AIP; Atherogenic index of plas-
ma, PI; Pulsatility index and AUC; Area under the curve.

Discussion

There are mounting suggestions that PCOS
women may have an increased risk of cardio- and
cerebro-vascular pathologies in comparison with
normal cycling women of similar age and BMI (3,
25). In western countries, more than 30% of repro-
ductive age women smoke cigarettes (26). Epide-
miological studies strongly support the assertion
that cigarette smoking increases the incidence of
myocardial infarction, fatal coronary artery dis-
ease, peripheral vascular disease, and stroke (8).

In the present study, the heavy smokers pre-
sented significantly higher A, FAI and cFT cir-
culating values in comparison with non-smokers.
Furthermore, cigarette smoking was directly cor-
related with A and FAI. Cigarettes may, in a dose-
dependent manner, interfere with steroid hormone
release, binding, transport, storage, metabolism
and clearance, resulting in changes in circulating
hormone concentrations. Specifically, nicotine and

Smoking and PCOS

anabasine were found to inhibit granulosa cell aro-
matase with increasing A circulating levels (27).
Furthermore, the association between nicotine and
calculated cFT may be related to the increased ac-
tivity of cyotochrome p450, which is involved in
both the metabolic pathway of T and nicotine (28).

All patients were studied in a hypoestrogenic
state (early follicular phase); however, the high-
est uterine vascular resistances resulted in heavy
smoking women. We speculated that the worst
uterine vascularization might be due to the more
elevated androgen circulating levels. In fact, an-
drogens have direct vasoconstrictive effects on
vascular tissue, mediated by specific receptors
present in the main arterial blood vessels walls
(29). Among the three groups of patients, we also
analyzed the hemodynamic properties of ophthal-
mic arteries (16, 30). The ophthalmic artery is a
small vessel arising from the internal carotid ar-
tery. Cerebral vessels are morphologically and
physiologically similar to the arteries of the eye.
Thus, knowledge of vascular changes in the oph-
thalmic arteries may be useful in assessing chang-
es in global cerebral perfusion (31, 32). Our study
showed higher ophthalmic artery PI values and
ophthalmic artery back-pressure (the sum of ar-
teriolar vasomotor tone and intracranial pressure,
15) in smokers than in non-smokers. Our findings
on ocular/cerebral vascularization were correlated
with smoking attitude. We speculated that the in-
creased arterial stiffness, the atherogenic lipid pro-
file and the lower circulating NO,-/ NO,- values
may be responsible of the increased ophthalmic
PIs and back pressure in PCOS smoking women.
In addition, smoking may aggravate insulin resist-
ance (11), and this is widely considered related to
type II diabetes, in which regional cerebral blood
flow is reduced (33). These data may in part ex-
plain the increased risk of cerebro-vascular pathol-
ogies in smoking patients.

The vascular endothelium is a complex organ.
Abnormalities in endothelial function have been
associated with several CV risk factors and may
portend clinically significant vascular diseases. In
addition, endothelial dysfunction precedes overt
vascular disease by years. Despite no gold standard
exists for the evaluation of endothelial function,
the measurement of the flow-mediated dilatation
in the brachial artery is the most studied and prom-
ising method for clinical application (34). In our

309



Morotti et al.

study, we observed a more intense post-ischemic
vasodilatation in non-smoker in comparison with
heavy smokers. Similar results were observed in
performing the doppler analysis of brachial ar-
tery Pls. A positive relation was reported between
smoking and brachial artery reactivity. The NO2-/
NO3 plasma levels resulted in a significant reduc-
tion in heavy smoking patients in respect to the
non-smokers. A significant inverse relation was
observed between smoking and NO,-/NO, circu-
lating plasma levels (p=-0.446; p<0.001). Thus,
we derived that smoking negatively influence the
brachial artery flow mediated vasodilatation and,
furthermore, that smoking is associated with a
reduction of nitric oxide release/production or to
an increased nitric oxide degradation and to an
impaired endothelium-dependent vasodilatation
(9). Therefore, endothelial dysfunction in PCOS
smokers behaves as a marker for patients with pre-
clinical vascular disease and may identify, at an
early age, patients in whom therapeutic interven-
tion could be beneficial.

It is controversial if smoking "per se" is associat-
ed with hypertension. Using the 24-hour ambula-
tory monitoring, we demonstrated, in heavy smok-
ers, an increased 24 hour, daytime and nighttime
DBP. This rather labile control of the DBP might
indicate a very precocious pre-hypertensive state.
With advancing age, apart from some specific fac-
tors due to genetics, inactivity, obesity, stress, and
salt loading, it is plausible that blood pressure may
increase at an accelerated rate in PCOS smokers
given the stimulatory effects of hyperinsulinemia
on the sympathetic nervous system and vascular
smooth muscle, and the changes noted in the en-
dothelial function.

In the present study, we also found an increased
leukocyte count in heavy smokers in comparison
with light smokers and non-smokers. Inflamma-
tion has been recognized to have a pivotal role in
both initiation and progression of the atheroscle-
rotic processes. Indeed, increased white blood
cells count is directly associated with an increased
incidence of myocardial infarction and ischemic
stroke. Hyper-HCY levels are considered too as
an independent risk factor for CV diseases. In our
study, more elevated serum HCY levels were ob-
served in heavy smokers. As a result of these find-
ings, we can suggest that PCOS and smoking may
concur in inducing hyper-HCY and in increasing
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the risk of CV diseases.

The AIP has been proposed as a marker of the
atherogenic potential of the plasma. In our study,
the AIP was significantly higher in heavy smokers
than in other groups. AIP resulted in a positive cor-
relation with smoking, underlining the deep inter-
dependence between smoking and the lipid profile.

PCOS is considered to be a metabolic disorder.
Legro et al. (35) have suggested that women with
PCOS are at significantly increased risk for im-
paired glucose intolerance and diabetes type 2 at
all weight levels and at a young age, while they
have a greater than 2-fold relative risk for myo-
cardial infarction and micro- and macro-vascular
disease. Gharakhani et al. (36) reported that the
administration of metformin reduce the CV risk
in PCOS women. Recently, Cupisti et al. (11)
demonstrated that, in PCOS women, the smoking
habitude is associated with increased fasting insu-
lin levels and aggravated insulin resistance. In our
study, we observed that among the estimates of in-
sulin sensitivity, the HOMA-IR was significantly
higher, whereas the fasting glucose/insulin ratio
was lower in heavy smokers than in other groups.
In addition to the fasting insulin levels, the insu-
linogenic index and the HOMA-B (all indices of
pancreatic B-cell function) resulted in significant-
ly higher value for PCOS smoking patients than
weight matched non-smokers. Furthermore, the
fasting C-peptide-to-insulin molar ratio (a useful
surrogate of hepatic insulin clearance) was lower
in heavy smokers than in other groups. During
OGTT, plasma insulin was significantly higher
in smokers than in non-smokers. The insulin total
AUC,,, was significantly more elevated in PCOS
heavy smoking patients than in non-smoking
women. A similar relationship was observed for
the late partial insulin AUC,, .. The glucose and
C-peptide expressed similar tendencies. In addi-
tion, the fasting insulin, the insulin total AUC
and ISI were significantly correlated with cigarette
smoking. We speculated that in PCOS patients, the
cigarette smoking might induce a moderate-to-se-
vere muscle insulin resistance and also a concomi-
tant liver insulin resistance. This, associated with
the increased pancreatic -cell function and the re-
duced hepatic insulin clearance we observed, may
explain hyperinsulinemia in those PCOS patients
who smoke and their higher risk for progression to
type-2 diabetes and CV diseases.



Smoking is "per se" an important risk factor for
CV diseases. Wang et al. associated pack-years of
smoking with the severity of angiographically de-
termined atherosclerosis (37). Furthermore, thoracic
aortic atherosclerotic lesions have been increased
in smokers vs. nonsmokers. In addition, it has also
been reported that cigarette smoking is associated
with a significant increase of carotid intima-media
thickness and carotid stiffness (9). On the other
hand, PCOS is also "per se" a significant risk fac-
tor for cardio-vascular disease (3). As far as our
knowledge, there are no previous studies consid-
ering both PCOS and smoking, the simultaneous
presence of both these factors, which increases
significantly the cardio-vascular risk in compari-
son with both healthy smokers and non-smokers
PCOS patients.

Conclusion

On the basis of the data presented, we postu-
late that, in PCOS patients, the smoking habi-
tude may worsen the vascular reactivity, the
carbohydrate and lipids metabolism and, con-
sequently, the CV risk. Therefore, it is very im-
portant to lead PCOS patients to stop smoking
in order to reduce the CV risk.
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