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RÉSUMÉ

L’évaluation de la réflexion des ondes aortiques chez 
des femmes maigres et obèses avec le syndrome des 
ovaires polykystiques

Introduction. Des résultats contradictoires ont été pu-
bliés concernant la réflexion des ondes de pression et 
la raideur artérielle chez les jeunes femmes atteintes du 
syndrome des ovaires polykystiques (SOPK), par oppo-
sition à la présence ab initio manifeste de la dysfonction 

ABSTRACT

Introduction. Conflicting findings have been pub-
lished regarding the pressure wave reflection and the 
arterial stiffness in young women with polycystic ova-
ry syndrome (PCOS) as opposed to the overt ab ini-
tio presence of endothelial dysfunction, which can be 
reversed six months after metformin administration.
The aim of this study was to investigate wave reflec-
tions in women with PCOS and to evaluate the effect 
of metformin treatment.

ORIGINAL PAPER

ASSESSMENT OF AORTIC WAVE REFLECTION 
IN LEAN AND OBESE WOMEN WITH POLYCYSTIC 
OVARY SYNDROME

Krystallenia I. ALEXANDRAKI1 , Eleni KANDARAKI2,3, Theodoros G. PAPAIOANNOU4, 
Christina PIPERI5, Antonios A. ARGYRIS6, Konstantinos AZNAOURIDIS4, 
Christos PAPAMICHAEL7, Kimon STAMATELOPOULOS7, Athanasios PROTOGEROU6, 
John LEKAKIS8

1Endocrine Unit, 1st Department of Propaedeutic Medicine, Laiko University Hospital, Medical School, 
National and Kapodistrian University of Athens, Athens, Greece
2Department of Endocrinology and Diabetes, HYGEIA Hospital, Athens, Greece
3School of Medicine, European University Cyprus, Nicosia, Cyprus
4First Department of Cardiology, Medical School, National and Kapodistrian University of Athens, Athens, 
Greece
5Department of Biological Chemistry, School of Medicine, National and Kapodistrian University of Athens, 
Athens, Greece
6Cardiovascular Pr©evention & Research Unit, Department of Pathophysiology, Medical School, National 
and Kapodistrian University of Athens, Athens, Greece
7Vascular Laboratory, Department of Clinical Therapeutics, Alexandra Hospital, School of Medicine, 
University of Athens
8Department of Echocardiography and Laboratory of Preventive Cardiology, 2nd Cardiology Department, 
Attikon Hospital, National and Kapodistrian University of Athens

   Received 25 Mar 2020, Accepted 02 May 2020
https://doi.org/10.31688/ABMU.2020.55.2.03

 Address for correspondence:   Krystallenia I. ALEXANDRAKI  
Endocrine Unit, 1st Department of Propaedeutic Internal Medicine, Laiko 
University Hospital, National and Kapodistrian University of Athens, Medical 
School
Address: Mikras Asias 75, 11527, Athens, Greece
E-mail: alexandrakik@gmail.com; Phone: +306977616161; fax: 
+302108024440



Archives of the Balkan Medical Union

June 2020 / 225

endothéliale, qui peut être inversée six mois après l’ad-
ministration de la metformine.
L’objectif de cette étude était d’étudier les ré-
flexions des ondes dans le SOPK et d’évaluer l’effet du 
traitement par la metformine.
Matériel et méthodes. Soixante-quatre jeunes 
femmes, 35 atteintes de SOPK (P) (20 maigres (L), PL; 
15 en surpoids/ obèses (OWB), P

OWB
) et 29 témoins 

(18 CL; 11 C
OWB

) ont été étudiées. La réflexion des 
ondes a été évaluée par l’indice d’augmentation (AIx) 
en tant que rapport hauteur / pression d’augmentation 
centrale corrigé pour la fréquence cardiaque (HR) 75 
bpm (AIX@75) ou sans correction HR AIx et l’index 
de temps d’augmentation centrale (Tr). La fonction 
endothéliale a été évaluée biochimiquement par les 
niveaux plasmatiques d’endothéline 1 (ET-1). Le pro-
fil métabolique et hormonal et les niveaux avancés de 
produits finaux glyqués (AGEs) ont également été éva-
lués. La metformine (1700 mg/jour) a été administrée 
pendant six mois à 20 femmes (9 maigres, 11 obèses) 
atteintes de SOPK et les mesurages ont été répétés.
Résultats. Tous les sous-groupes avaient un âge 
comparable. Les indices de réflexion des ondes ne 
différaient pas entre le SOPK et les témoins. AIx@75 
a significativement amélioré le traitement post-met-
formine dans le P

OWB 
(p=0.046). Les niveaux d’AGE 

différaient entre les groupes de femmes SOPK et les té-
moins (p <0.001) mais leurs valeurs ne se normalisaient 
pas après le traitement à la metformine. Les niveaux d’ 
ET-1 ne différaient pas entre le SOPK et les témoins, 
mais le traitement post-metformine s’était significati-
vement amélioré dans les groupes SOPK maigres et 
obèses (p=0.01, p=0.04, respectivement).
Conclusions. Les marqueurs de réflexion des ondes 
semblent être un prédicteur négatif caché dans le 
SOPK,ce qui améliore le traitement post-metformine 
en particulier dans le sous-groupe en surpoids / obèse 
des femmes SOPK.

Mots-clés: réflexion des ondes aortiques, résistance 
à l’insuline, syndrome des ovaires polykystiques, met-
formine, endothéline-1.

Material and methods. Sixty-four young wom-
en, 35 with PCOS (P) (20 lean(L), P

L
; 15 overweight/

obese (OWB), P
OWB

) and 29 controls (18 C
L
;11 C

OWB
) 

were studied. Wave reflection was assessed by the 
Augmentation Index (AIx) as central augmentation pres-
sure-to-pulse height ratio corrected for heart rate (HR) 75 
bpm (AIX@75) or without HR correction AIx and the 
central augmentation time index (Tr). The endothelial 
function was evaluated biochemically by plasma endo-
thelin 1(ET-1) levels. The metabolic and hormonal pro-
file and a dvanced glycated end-products (AGEs) levels 
were also assessed. Metformin (1700 mg/daily) was ad-
ministered for six months in 20 (9 lean, 11 obese) wom-
en with PCOS and the measurements were repeated.
R   esults. All subgroups had comparable age. Wave re-
flection indices did not differ between PCOS and con-
trols. AIx@75 significantly improved post-metformin 
treatment in P

OWB
 (p=0.046). AGE levels differed be-

tween PCOS women groups and controls (p<0.001), 
but their values became normal after metformin 
treatment. ET-1 levels did not differ between PCOS 
and controls, but they were significantly improved 
post-metformin treatment in both lean and obese 
PCOS groups (p=0.01, p=0.04, respectively).
Conclusions. Wave reflection markers seem to be a 
covert negative predictor in PCOS, which ameliorates 
after treatment with metformin, particularly in the 
overweight/obese subgroup of PCOS women.

Keywords: aortic wave reflection, insulin resistance, 
polycystic ovarian syndrome, metformin, endothelin-1.

List of abbreviations:
AIx: augmentation index (not corrected)
AIx@75: augmentation index corrected for heart rate 
75 bpm
Tr: central augmentation time index
ET-1: endothelin 1
PWV: pulse wave velocity
FMD: flow-mediated dilatation
PCOS: polycystic ovary syndrome
OWB: overweight/obese women
L: lean women
P: polycystic ovary syndrome women
HR: heart rate
AGEs: advanced glycated end-products
BMI: body mass index
WHR: waist-to-hip ratio
IR: insulin resistance
OGTT: oral glucose tolerance test
SBP: systolic blood pressure
DBP: diastolic blood pressure
FAI: free androgen index
SHBG: sex hormone binding globulin
OCP: oral contraceptive pills
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is considered 
the most common endocrinopathy in women of re-
productive age1. The fact that PCOS has been linked 
to metabolic disorders, such as overweight, insulin 
resistance, glucose intolerance, dyslipidemia, coagu-
lopathy, as well as cardiovascular risk factors, such 
as chronic inflammation, or abnormal microvascular 
and macrovascular properties (assessed by haemody-
namic or biochemical methods)2-10, makes it a unique 
model for investigating the impact that these factors 
have on cardiovascular system.

Endothelial dysfunction is an early and 
well-studied cardiovascular risk factor in PCOS wom-
en, implying an overt ab initio endothelial dysfunc-
tion compared with normal women, which exhibit 
reversal after short-term metformin treatment2,11. 
Non-invasive techniques have been used to assess 
endothelial dysfunction, a marker of macrovascular 
function in conduit arteries, by using high-resolu-
tion ultrasonography on brachial artery, assessing 
endothelial-dependent, f low-mediated dilatation 
(FMD)2,12, as opposed to microvascular function that 
has been assessed in resistance arteries, mostly by ve-
nous oc   clusion plethysmography12. The structural vas-
cular properties, such as carotid arteries intima-media 
thickness, have been also studied with contradictory 
results8,13. On the other hand, another less studied 
cardiovascular risk factor, reflecting the functional 
vascular properties, is the arterial stiffness and pres-
sure wave reflections, that are mostly assessed by the 
central pulse wave velocity (PWV) or by the assess-
ment of augmentation index (AIx), with contradic-
tory results in PCOS, up to date14. Original studies 
have shown that PCOS women exhibited stiffer ar-
teries15-17. However, more recent studies demonstrate 
a similar arterial stiffness, AIx and PWV between 
controls and PCOS women18,19. Compliance and stiff-
ness index were found impaired by ultrasonographic 
methods in 20 women with PCOS and 20 women 
with isolated polycystic ovarian morphology, com-
pared to controls, but with different body mass index 
(BMI)15. In addition, impairment was also observed 
by recording PWV across the brachial artery in 19 
women with PCOS versus 12 older control subjects 
with similar BMI and blood pressure16. The largest 
of these three studies demonstrated that 100 young, 
overweight/obese women with PCOS presented in-
creased arterial stiffness assessed by increased central 
PWV compared to controls of similar age, BMI and 
waist-to-hip ratio (WHR), while stepwise regression 
in PCOS women showed that insulin resistance (IR) 
and lipids were independent predictors of PWV17. 
In addition, despite the conflicting data, advanced 

glycation end-products (AGEs) have been related to 
arterial stiffness4 and increased AGE levels have been 
detected in young women with PCOS12.

THE AIM OF THE STUDY was to apply in our well-char-
acterized PCOS population a simple and easily re-
petitive method to measure aortic wave reflection, 
namely the AIx, and investigate AGE levels after the 
subcategorization of our population in lean and obese 
women, in order to include obesity as a putative fac-
tor of the vascular abnormalities. Moreover, the effect 
of metformin in all these parameters was evaluated in 
a subset of the studied patients.

MATERIAL AND METHODS

Subjects

The study consisted of 64 young women, 35 with 
PCOS (P) (20 lean (L), P

L
; 15 overweight/obese (OWB), 

P
OWB

), and 29 (18 C
L
; 11 C

OWB
) normal women recruit-

ed from previous studies2,8,10. The study protocol was 
approved by the local ethics board and informed con-
sent was obtained from all participants2,8,10.

The enrolled population was clinically healthy 
and did not suffer from any chronic or acute disease. 
Drugs that could interfere with the hormonal and 
metabolic studies (oral contraceptive pills (OCP), an-
ti-inflammatory drugs) were discontinued for at least 
three months before enrollment in the study. Each 
patient with PCOS met the diagnostic criteria for 
PCOS, based on the Androgen Excess Society guide-
lines21. Secondary forms of PCOS22, such as non-con-
genital adrenal hyperplasia, androgen secreting neo-
plasm, hyperprolactinemia, and thyroid disease were 
excluded before recruitment, by appropriate tests in 
the PCOS women2,8,10. In the control group, there 
was no hyperandrogenemia or evidence of clinical 
hyperandrogenism (hirsutism, acne or alopecia) on 
physical examination and no menstrual disturbances 
or subfertility problems reported2,8,10.

Protocol

The metabolic profile and patients’ follow-up 
were performed as previously described10. The evalu-
ations were conducted within the follicular phase of 
menstrual cycle in control women and at any time in 
the PCOS women, who were chronically anovulatory. 
In the amenorrhoeic women, recent ovulation was 
excluded by progesterone measurement (<5 nmol/L) 
and chronic anovulation was assessed as oligomen-
orrhea, i.e. less than 8 cycles per year or menstrual 
cycle duration more than 35 days. Blood samples 
were collected on day 1, at 08:00 to 10:00 h after 
an overnight fast. After a 30-min resting period in 
the supine position, blood samples were collected 
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(time 0), followed by the oral glucose tolerance test 
(OGTT) post oral 75-g glucose load with blood sam-
ples obtained at 30-min intervals (30’, 60’, 90’, 120’). 
Physical examination was performed in each person 
by two doctors2,9,10

The hemodynamic study was performed on day 
2 in the Vascular laboratory. All measurements were 
performed in a quiet, temperature-controlled room, 
after an overnight 14-hour fast. All current smokers 
were requested to reduce the number of cigarettes for 
one-week before the hemodynamic study and to avoid 
smoking two days before the study8.

Weight, height and WHR and BMI were meas-
ured2. Systolic (SBP) and diastolic (DBP) blood pressure 
were measured by a mercury sphygmomanometer, with 
the subject placed in a sitting position, after resting for 
at least 5 min. The average of three measurements was 
obtained. Lean women had a BMI ≤ 25 kg/m2 and 
overweight/obese women had a BMI > 25 kg/m2.

Metformin protocol

After ba seline measurements, metformin was 
administered in women with PCOS for six months2. 
Twenty women with PCOS received a daily dose of 
1700 mg for 6 months (Lipha Sante, Aron Medicia 
Division, Lyon, France). No severe side effects were 
reported during the study. However, two women re-
ported flatulence and they were recommended to re-
duce the dose of metformin by 850/2 mg for a week, 
afterwards they maintained the full dose until the end 
of the study. Upon completion of 6 months treatment, 
the hemodynamic, hormonal and metabolic measure-
ments were repeated. A close follow-up of PCOS wom-
en was performed for the entire study period.

Hemodynamic studies

Aortic hemodynamics were assessed non-inva-
sively, using the technique of radial artery tonometry 
and pulse wave analysis (Sphygmocor System-Atcor 
Medical, Sydney, Australia). Peripheral pressure 
waveforms were recorded at the radial artery us-
ing a hand-held high-fidelity tonometer (Millar, 
Instruments, Houston, TX, USA). The recorded 
pulse waves were calibrated using the SBP and DBP 
values measured at the brachial artery. Aortic pres-
sure waveforms were then mathematically derived by 
applying generalized transfer functions24. Pulse wave 
analysis of the aortic waveform was used to calculate 
indices that correspond mainly to measures of arte-
rial and aortic stiffness especially and to the intensity 
of reflected waves. The AIx(%) was calculated as the 
ratio of augmented pressure (pressure at the second 
inflection point minus pressure at the first inflection 
point of the systolic part of pressure waveform) to 
pulse pressure. In addition, timing of the reflected 

wave (Tr), which is a surrogate of pulse wave velocity, 
was determined as the time between the first foot of 
the pressure wave and the inflection point, indicat-
ing the arrival of the reflected wave at central aorta25. 
The Aix, which is influenced by heart rate26,27, was 
also normalized for heart rate at 75 bpm (AI@75).

Blood assays

Blood samples were centrifuged immediately, 
and serum was stored at –20oC until assayed2,8.

Serum endothelin-1 levels (ET-1, fmol/mL) 
were assessed2. AGE levels (U/mL) were estimated 
by competitive AGE-ELISA procedure27.

Insulin resistance estimation

Insulin resistance was estimated by the Quanti-
tative Insulin sensitivity Check Index (QUICKI) and 
Matsuda Index.

QUICKI is defined as:

QUICKI= 1/ [log (Fasting Insulin) + 
+ log (Fasting Glucose)]28.

MATSUDA INDEX is obtained using the fol-
lowing formula:

MATSUDA (M) = 10.000 / square root of 
[(fasting glucose  fasting insulin)  (mean glucose  

mean insulin during OGTT)]21.

Hyperandrogenemia estimation

The hyperandrogenemic index (free androgen 
index, FAI, %) was estimated by the formula:

FAI= [TT (nmol/L)/SHBG (nmol/L)] x 100 (%)22

Statistical analysis

Results are reported as median value with inter-
quartile range. Statistical significance was accepted at 
a p value < 0.05. Mann-Whitney U was used for com-
parisons between PCOS women and the control group 
and Wilcoxon t-test were applied to evaluate changes 
between measurements at baseline and after the six 
months treatment period. Categorical variables were 
assessed by chi-square test corrected by Fisher’s exact 
test when appropriate and exact test correction as ap-
propriate. The analysis was performed using SPSS (ver-
sion 22.0; PASW SPSS, Inc., Chicago, IL, USA).

RESULTS

Demographic profile

The age did not differ between the study groups. 
BMI differed in lean PCOS versus lean control wom-
en, but did not differ between obese women. BMI 
and WHR remained unchanged after metformin 
therapy (Table 1) and no adjustment for BMI was 
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performed. The subgroups studied did not differ in 
age, smoking habits or positive family history for type 
2 diabetes mellitus.

Wave reflection estimation

AIx@75 and Tr did not differ between PCOS 
and controls; AIx@75 was significantly improved af-
ter metformin treatment in P

OWB
 (p=0.046), but not 

in P
L
 (p=0.89).

ET-1 levels

ET-1 levels did not differ between obese or lean 
PCOS and controls (p=0.29 and p=0.28, respectively), 
but they were significantly improved post-metformin 
treatment in both lean and obese PCOS groups 
(p=0.01 and p=0.04, respectively). ET-1 levels dropped 
significantly post-treatment in both P

OWB 
(p=0.04) 

and P
L
 (p=0.01).

Advanced glycated end-products

AGEs differed between PCOS and controls in 
both lean or obese (p<0.001). However, no difference 
was observed post-treatment in both P

OWB
 (p=0.10) 

and P
L
 (p=0.52).

Hormonal and metabolic parameters estimation

Testosterone levels were higher in PCOS com-
pared to control women (p=0.003 in P

L 
vs.

 
C

L
 and 

p<0.001 P
OWB 

vs.
 
C

OWB
) and decreased post-metform-

in (p=0.003 in P and p=0.008 in C), but without 
reaching control levels (p=0.001 P

L 
post-M vs.

 
C

L
 and 

p<0.001 P
OWB 

post-M
 
vs.

 
C

OWB
).

 
Similarly,

 
FAI had 

higher levels in PCOS compared to control women 
(p<0.001 in P

L 
vs.

 
C

L
 and p=0.001 P

OWB 
vs.

 
C

OWB
),

 
but 

SHBG levels did not differ between groups.
Fasting insulin and glucose levels, as well as sys-

tolic and diastolic pressure, did not differ between 
groups and did not change post-treatment.

Only MATSUDA index values were lower in 
PCOS compared to controls (P

L
 vs. C

L
, p=0.004, P

OWB
 

vs. C
OWB,

 =0.02, respectively), but they did not normal-
ize post-treatment.

Correlations

In all subgroups studied, AIx, AIx@75 and Tr 
correlated only with age (r=0.43, p=0.001, r=0.473, 
p<0.001, r=0.43, p=0.001, respectively). AGE levels 
did not correlate with aortic hemodynamic indi-
ces but with testosterone levels (r=0.78, p<0.001), 
FAI (r=0.70, p<0.001), SHBG (r=-0.38, p=0.009), 
DBP (r=0.31, P=0.04), MATSUDA index (r=-0.38, 
p=0.014). In the total PCOS population, AIx, AIx@75 
and Tr, all three correlated only with age (r=0.45, 
p=0.01, r=0.60, p<0.001, r=0.44, p=0.01, respective-
ly). AGE levels did not correlate with arterial stiffness 

hemodynamic indices but only with testosterone 
levels (r=0.45, p=0.02). In lean PCOS population, 
AIx@75 correlated only with age (r=0.89, p<0.001). In 
obese PCOS population, AGE levels correlated only 
with testosterone levels (r=0.62, p=0.008).

DISCUSSION

In the present study, we have demonstrated 
that only a covert impairment of aortic wave reflec-
tion is present in a small group of overweight/obese 
women with PCOS, which can be documented by 
wave reflection improvement post-metformin treat-
ment. This finding may explain the fact that there are 
contradictory results in the literature, as opposed to 
endothelial dysfunction that is an overt and early car-
diovascular risk factor present in almost all the pub-
lished studies. Arterial stiffness was also evidenced 
by increased AGE levels in PCOS women compared 
to controls, but this impairment did not apparently 
normalize post-metformin treatment.

Altered arterial stiffness and wave ref lection 
have been previously investigated either versus nor-
mal women or versus PCOS15-17,31-35. In a large pop-
ulation of 84 women with PCOS and 95 healthy 
volunteers, central arterial stiffness and diastolic dys-
function were not increased in young women with 
PCOS, after adjustment for age and BMI, whereas it 
was associated with insulin resistance and abdomi-
nal obesity36. In parallel with this latter study, other 
researchers have not detected any difference in the 
afore mentioned indices between PCOS and control 
women14,37-41. These differences may be attributed to 
the small number of participants, the failure to cor-
rect for obesity, age, arterial pressure, cardiac rhythm, 
and particularly to the different methods used to esti-
mate arterial stiffness or wave reflection and compli-
ance along with the different arterial studies (either 
peripheral or central).

On the other hand, the improvement in wave re-
flection post-metformin treatment seen in the present 
study has been observed in most of the published 
studies, either in the case of single metformin ad-
ministration or in combination with OCP42-44. The 
improvement in arterial stiffness has been attributed 
to the deterioration of insulin resistance of the group 
that did not receive metformin, following OCP treat-
ment42. However, metformin did not improve AGE 
levels in PCOS women, as we have previously shown 
in a larger sample study with both lean and over-
weight/obese women10. Hence, only overt and early 
cardiovascular factors can always be seen in a young 
population like the pre-menopausal women with 
PCOS, but we have always to consider the presence of 
other covert or subclinical cardiovascular risk factors.
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In parallel with wave reflection findings, ET-1 
plasma levels did not show any differences between 
PCOS and control women, in either lean or over-
weight/obese groups, but metformin treatment sig-
nificantly reduced ET-1 expression to lower levels 
than those of the respective control groups. The im-
provement of both endothelial dysfunction and wave 
reflection post-metformin administration was not 
followed by a parallel improvement in insulin resist-
ance indices. Only in the obese subgroup, metformin 
improved the hyperandrogenic profile, as it has been 
shown in several previous studies45.

The novelty of the present work relies on the 
fact that wave reflection was assessed in a well-stud-
ied population. Nonetheless, the sub-categorization 
based on the weight of PCOS and control women, 
unveiled subtle differences that are present before 
and after treatment, that may not be clear when lean 
and obese women are combined in a single group. 
It is important to identify the early markers of car-
diovascular risks, since the impairment involves not 
only the young patients studied, but their siblings as 
well46,47. The emerged limitation relies to the small 
size of the studied population, that was unable to re-
veal differences in parameters that were altered in 
previous studies.

CONCLUSION

In conclusion, our study demonstrates that 
PCOS women display some overt and some covert 
cardiovascular risk factors. In a routine clinical prac-
tice, the usage of parameters that are non-invasive 
and easily reproducible may guide clinicians to an 
early intervention on these cardiovascular risk fac-
tors, by either life-style changes or pharmaceutical 
agents’ administration.
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