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Total and lipid bound sialic acid levels in patients
with polycystic ovary syndrome

Polikistik over sendromlu hastalarda total ve lipid bagi sialik asit seviyeleri

Ali Ozcan', Aykan Yiicel', Volkan Noyan', Nevin Sags6z!, Osman Caglayan’
'Departrment of Gynecology and Obstetrics, Faculty of Medicine, Kirikkale University, Kwikkale, Turkey
2Departmernt of Biochemistry and Clinical Biochemistry, Faculty of Medicine, Kirikkale University, Kirikkale, Turkey

Objective: To evaluate serum total and lipid bound sialic acid
(TSA&LBSA) levels in patients with polycystic ovary syndrome (PCOS).
Material and Methods: Forty women with PCOS and 35 healthy
controls were enrolled in the study. Serum TSA, LBSA, follicle stimu-
lating hormone, lutenizing hormone, estradiol, thyroid stimulating
hormone, prolactin, dehydroepiandrosterone sulphate, androstene-
dione, free testosterone, total testosterone, 17-OH progesterone, sex
hormone binding globulin, cortisol, total cholesterol, triglyceride,
high density lipoprotein and low density lipoprotein were measured
in each subject. Insulin resistance was estimated by fasting insulin
level, fasting glucose: insulin ratio and 75-g glucose tolerance test for
2 hours.

Results: Serum TSA levels were not significantly different between
the groups. Serum LBSA levels were higher in patients with PCOS
compared to the control group. TSA was correlated with androstene-
dione and HOMA-IR in the PCOS group. Positive correlations were
found between LBSA and dehydroepiandrosterone sulphate in pa-
tients with PCOS. After correction for BMI, the only existing significant
correlation was between LBSA and follicle stimulating hormone.
Conclusion: Serum LBSA levels, which has previously been found
to be higher in cardiovascular diseases and diabetes mellitus, are el-
evated in PCOS. (J Turkish-German Gynecol Assoc 2012; 13: 79-84)
Key words: Polycystic ovary syndrome, total sialic acid, lipid bound
sialic acid, risk
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Introduction

Polycystic ovary syndrome (PCOS) is a common endocrine
disease in women during the reproductive ages (1). Patients
with PCOS are in the high risk group for coronary heart
disease because of their abnormal lipid profile, insulin resis-
tance and obesity (2). Additionally, it was shown that PCOS
causes significant risks for diabetes mellitus (DM) in patients
early in their life. All these findings show that there is an
increase in prevelance of cardiovascular disease (CVD) and
DM in PCOS with time (3).

Sialic acids (SA) are acillated neuraminic acids found in
glycoproteins and glycolipids of cell membrane and in other

Amag: Polikistik over sendromlu hastalarda (PKOS) serum total ve
lipid bagl sialik asit (TSA&LBSA) diizeylerinin degerlendirilmesi.
Gerec ve Yéntemler: Calismaya kirk PKOS’lu hasta ve 35 saglikh
kontrol dahil edildi. Her olguda serumda TSA, LBSA, folikiil stimiilan
hormon, luteinizan hormon, 6stradiol, tiroid stimiilan hormon, pro-
laktin, dehidroepiandrosteron siilfat, androstenedion, serbest testos-
teron, total testosteron, 17-OH progesteron, seks hormon baglayici
globulin, kortizol, total kolesterol, trigliserid, yiiksek densiteli lipopro-
tein ve diisiik densiteli lipoprotein 6l¢iildii. Aclik insiilin seviyesi, agchik
gliitkozu/insiilin orani ve 2 saatlik 75-g gliikoz tolerans testi ile insiilin
rezistansi degerlendirildi.

Bulgular: Serum TSA seviyeleri agisindan gruplar arasinda anlamli
fark yoktu. Kontrol grubuna goére karsilastinldiginda PKOS’lu hasta-
larda serum LBSA seviyeleri yiiksekti. PKOS grubunda TSA, andros-
tenedione ve HOMA-IR ile korele bulundu. PKOS’lu hastalarda LBSA
ile dehidroepiandrosteron sulfat arasinda pozitif korelasyon bulundu.
BMI'ya gore diizeltme sonrasl, kalan tek anlaml korelasyon LBSA ile
folikiil stimiilan hormon arasinda idi.

Sonug: Kardiyovaskiiller hastaliklarda ve diabette arttigi bilinen
LBSA'nin serum seviyeleri PKOS’da yiikselir.

(J Turkish-German Gynecol Assoc 2012; 13: 79-84)

Anahtar kelimeler: Polikistik over sendromu, total sialik asit, lipid
bagl sialik asit, risk

Gelig Tarihi: 08 Subat 2012 Kabul Tarihi: 06 Mart 2012

parts of the cell (4). SA has many biological functions: it
provides additional electronegativity to the cell, is a main
compound of many receptors on cell surface and affects the
macromolecular structure of glucoconjugates and prevents
their degradation (5).

The elevation in serum SA concentrations was demonstrated
in coronary heart disease and myocardial infarction (6).
Despite the observed relationship between SA and cardiovas-
cular disease, the reasons for this are not clear. Additionally,
serum total and lipid bound SA were found to be elevated in
DM and total sialic acid levels were shown to be related with
some diabetic complications (7). Sialic acids in the human
body are mainly found in the terminal oligosaccharide of
glycoprotein structured acute phase reactants which are
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fibrinogen, C-reactive protein, haptoglobulin, a-1 antitripsin,
ceruloplasmin, transferrin and complement. Because some of
these sializated glycoproteins are acute phase reactants, their
concentrations increase rapidly at the beginning of inflamma-
tory reactions (8, 9).

Since PCOS is related to DM and cardiovascular diseases and
TSA and LBSA were found to be elevated in these two common
disorders, we planned to evaluate the serum TSA and LBSA
levels in patients with PCOS and healthy controls.

Material and Methods

Forty women between the ages of 18 to 35 years with PCOS,

and 35 healthy women as the control group, were included in

the study. Study participants were enrolled from patients who

attended the outpatient clinics of the gynecology and obstetrics

department in our institution. A full Institutional Review Board

approval was obtained from Kirikkale University School of

Medicine Ethical Committee (approval no. 2005/150). All subjects

were informed, and written and signed consents were taken.

PCOS was diagnosed according to the 2003 Rotterdam criteria

(10) after the exclusion of related disorders, by two of the fol-

lowing three features: i) oligo- or anovulation, ii) clinical and/or

biochemical signs of hyperandrogenism, or iii) polycystic ova-

ries. Detailed medical history and physical examination were

performed in all subjects.

Inclusion criteria for the study were:

1. Women at ages ranging from 18 to 35 years with the diagno-
sis of PCOS

2. Women at ages ranging from 18 to 35 years with regular
menstrual cycles and without systemic and hormonal
pathologies, who attended for vaginal discharge or for infor-
mation about contraceptive methods were included in the
study as the control group.

Exclusion criteria for PCOS and control groups were as follows:

1. Patients with previously diagnosed endocrinological dis-
eases such as diabetes mellitus, hyper or hypothyroidism or
Cushing syndrome,

2. History of malignancy,

3. Pneumonia, Rheumatoid arthritis, Behget’s and Crohn dis-
ease,

4. Patients on drugs such as oral contraceptives, steroids,
GnRH agonists or antagonists or progesterone,

5. Patients with collagen tissue diseases, impaired renal func-
tions or impaired liver functions,

6. Patients using drugs that alter sex hormone metabolism,

7. Patients with atherosclerosis and hypertension,

8. History of previous thromboembolism.

Age, weight, height and waist/hip ratio (WHR) of the subjects

were noted and body mass indices (BMI) were calculated

according to the body weight (kg) / height (m2) formula. Pelvic

transabdominal or transvaginal ultrasonography was performed

for each subject.

Laboratory Measurements

Blood samples were taken from all subjects between 08:00-
09:00 A.M. after 12 hours of fasting on the third day of the men-
strual cycle for sialic acid and routine hormonal measurements
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Follicle stimulating hormone (FSH), lutenizing hormone (LH),
estradiol (E,), thyroid stimulating hormone (TSH), prolactin
(PRL), dehydroepiandrosterone sulphate (DHEAS), androstene-
dione, free testosterone (free T), testosterone (T), 17-OH pro-
gesterone, sex hormone binding globulin (SHBG), cortisol, total
cholesterol, triglyceride, high density lipoprotein (HDL) and low
density lipoprotein (LDL) levels were measured for each subject.
Blood samples for TSA and LBSA were centrifuged at 4°C and
1.600 r/m for 15 minutes. Serum obtained after this procedure
was kept at -20°C for the analysis of total and lipid bound sialic
acid levels. TSA and LBSA levels were measured by using meth-
ods previously defined by Katopodis et al. (11) and Plucinsky
et al. (12).

After 12 hours fasting, 75 gr OGTT was performed for all sub-
jects. Fasting blood glucose and insulin levels were measured,
and then blood glucose level was measured again at the sec-
ond hour after ingestion of 75 g of glucose solution. Additionally,
fasting glucose/fasting insulin ratio was calculated. Insulin resis-
tance was calculated according to the HOMA (Homeostasis
Model Assessment) method (Formula=Fasting blood glucose
level (mg/dl)XFasting insulin level (uIU/ml)/405).

FSH, LH, E,, TSH, PRL, DHEAS, total T and insulin levels were
measured with the electrochemilluminescence immunoassay
method in the Roche Hitachi E 170 Modular device (Roche
Diagnostic, Germany) by using Elecsys 1010/1020 Kits.

SHBG, free T, androstenedione, 17 OH progesterone levels
were measured with the ELISA method in wQuant trade mark
Spectrophotometric device (Biotek Instruments Inc., USA)
using EIA kits (DSL, Diagnostic System Laboratories Inc., USA).
Triglyceride, HDL, LDL, total cholesterol and glucose levels
were measured with the colorimetric method in the Roche
Hitachi Modular P800 autoanalyzer device by using Roche mark
kits (Roche Diagnostic, Germany).

Statistical Analysis

Statistical analysis was performed using the Statistical Package
for Social Science (SPSS) 11.5 (Inc., Chicago, Illinois, USA)
programme. The Shapiro-Wilk statistics was used to test vari-
ables for normal distribution. Differences between the means
were analyzed by Student’s t-test and Mann-Whitney U-test
according to the distribution of data. Data were represented
as mean=standard deviation (SD). Pearson correlation coef-
ficients were calculated for continuous variables with normal
distribution, and Spearman rank correlation coefficients were
calculated for non-normally distributed continuous variables.
Partial correlation coefficients were calculated for the above-
mentioned parameters, using BMI as a covariate. Power cal-
culation in TSA and LBSA parameters were performed using
the Number Cruncher Statistical System-Power Analysis and
Sample Size (NCSS-PASS 2005) (Inc., Kaysville, Utah, USA).

In all examinations, a p-value of <0.05 was considered statisti-
cally significant.

Results

Demographic characteristics and mean serum hormone, insu-
lin, glucose and lipid measurements of the groups are shown
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in Table 1. There were no statistically significant differences
between patients with PCOS and the control group in respect
to age, FSH, TSH, PRL, androstenedione, total T, 17 OH proges-
terone, cortisol, fasting glucose, second hour glucose and total
cholesterol levels.

BMI, WHR, LH, E,, free T, fasting insulin, HOMA-IR, tryglyceride
and LDL levels were significantly higher in patients with PCOS,
whereas SHBG, DHEAS, fasting glucose/ fasting insulin ratio and
HDL levels were significantly lower (Table 1).

Power rate was 53% for TSA and 88% for LBSA.

Mean TSA levels were 61.02+7.89 mg/dl in patients with
PCOS and 57.94+5.53 mg/dl in the control group (p=0.052).
LBSA levels were significantly higher in patients with PCOS
(25.23+7.65mg /dl) compared to controls (20.41+5.25 mg /dl)
(p=0.003) (Figure 1).

In the PCOS group, serum TSA was found to be positively cor-
related with androstenodione (r=0.338, p=0.032) (Table 2) and
HOMA- IR (r=0.558, p=0.001) (Table 3). There was also a sig-
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nificant correlation between serum LBSA and DHEAS (r=0.508,
p=0.001) in patients with PCOS (Table 3).

After adjusting for BMI, no correlations appeared between
serum TSA and LBSA levels and the other parameters, except
for the significant positive correlation between serum LBSA and
FSH (r=0.335, p=0.037).

Discussion

Polycystic ovary syndrome is a common endocrine disease in
women in the reproductive ages, and many studies about its
etiology, metabolic effects and future risks are still underway.

We found that serum LBSA levels were higher in patients with
PCOS, while serum TSA levels did not differ. Serum TSA levels
have been reported to be a risk factor for cardiovascular and
cerebrovascular disease (13). Higher serum SA levels have
also been detected in diabetes mellitus, in either type (14).
Recent reports in the literature regarding TSA and LBSA levels

Table 1. Demographic characteristics and mean serum hormone, insulin, glucose and lipid measurements of the groups

PCOS Control p
Patient number (n) 40 35
Age (years) 22.80+2.70 23.82+1.79 N.S.
BMI (kg/m?2) 27.94+6.78 21.59+2.68 p=0.001
Waist/Hip Ratio 0.82+0.09 0.75+0.05 p=0.001
FSH (mIU/ml) 5.94+2.23 5.50+2.27 N.S.
LH (mIU/ml) 9.60+4.45 6.30+2.86 p=0.005
LH/FSH 1.78+0.93 1.24+0.65 p=0.005
Estradiol (pg/ml) 102.13+88.58 53.99+50.86 (41.66)2 p=0.001
TSH (mIU/ml) 2.20+1.01 2.13+0.88 N.S.
PRL (ng/ml) 15.52+5.07 15.95+4.25 N.S
DHEAS (ug/ml) 260.64+104.83 324.68+111.32 p=0.011
Androstenedione (ng/ml) 4.56+2.17 3.85+1.50 N.S.
Free testosterone (pg/ml) 4.42+2.61 2.68+1.47 p=0.002
Total testosterone (ng/ml) 0.59+0.23 0.56+0.24 N.S.
SHBG (nmol/L) 37.09+37.02 (20.55)2 56.67+32.55 p=0.001
17 OH Prog. (ng/ml) 1.00+0.51 0.99+0.57 N.S.
Cortisol (nmol/L) 381.57+146.57 321.01+£150.79 N.S.
Fasting insulin (uIU/ml) 17.87+10.97 12.34+10.09 p=0.001
Fasting glucose (mg/dl) 86.25+7.13 87.40+6.78 N.S.
Fasting glucose/insulin 7.00+7.30 (5.65)2 10.60+6.41 p=0.001
Second hour glucose (mg/dl) 90.77+12.32 91.60+10.89 N.S.
HOMA-IR 3.85+2.58 2.69+2.25 p=0.001
Triglyceride (mg/dl) 106.58+56.99 87.77+49.40 p=0.02
HDL (mg/dl) 52.02+10.79 63.29+14.51 p=0.001
LDL (mg/dl) 106.67+30.43 86.58+19.33 p=0.001
T. cholesterol (mg/dl) 160.82+30.15 161.37+25.02 N.S.
N.S.: Not significant, Mean Data=+Standard Deviation, 2: Median Value
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Table 2. Pearson correlation coefficients (r) between TSA, LBSA and normally distributed variables in patients with PCOS

TSA () p LBSA () p

Age (years) 0.007 0.964 -0.066 0.686
LH (mIU/ml) -0.215 0.182 0.083 0.609
LH/FSH -0.174 0.281 -0.185 0.251
PRL (ng/ml) 0.057 0.726 0.141 0.384
Androstenedione (ng/ml) 0.338 0.032* 0.302 0.057
Total Testosterone (ng/ml) 0.116 0.473 0.178 0.269
Cortisol (nmol/L) 0.081 0.617 0.214 0.183
Fasting glucose (mg/dl) 0.005 0.972 -0.084 0.672
Second hour glucose (mg/dl) -0.214 0.182 -0.272 0.088
HDL (mg/dl) -0.165 0.306 -0.056 0.727
LDL (mg/dl) 0.081 0.615 0.264 0.098
T. Cholesterol (mg/dl) 0.088 0.586 0.123 0.449
p*:<0.05

Table 3. Spearman correlation coefficients (r) between TSA, LBSA and non-normally distributed variables in patients with PCOS

TSA (r) ) LBSA (r) )

BMI (kg/m?) 0.293 0.067 0.142 0.383
Waist/Hip ratio 0.196 0.227 0.227 0.158
FSH (mIU/ml) 0.060 0.711 0.080 0.625
Estradiol (pg/ml) -0.148 0.361 -0.106 0.517
TSH (mIU/ml) 0.227 0.160 0.117 0.470
DHEAS (ug/ml) 0.125 0.441 0.508 0.001*
Free Testosterone (pg/ml) 0.083 0.609 0.047 0.775
SHBG (nmol/L) -0.090 0.581 -0.140 0.388
170H Prog. (ng/ml) -0.066 0.686 -0.047 0.772
Insulin (uIU/ml) 0.147 0.367 0.023 0.888
Fasting glucose/insulin 0.240 0.136 0.146 0.368
HOMA-IR 0.558 0.001* 0.217 0.178
Triglyceride (mg/dl) 0.014 0.933 0.148 0.363
p*:<0.05

in patients with PCOS do not provide sufficiently clear data.
Bickerton et al. (15) have previously evaluated a number of
biochemical and biophysical markers indicating cardiovascular
risk in patients with PCOS. Eleven women with PCOS and 12
controls were included and it was found that total sialic acid
levels were similar between the groups (705+149 mg/l vs
713%+112 mg/l, p=0.88). LBSA levels were not studied and cor-
relations between TSA levels and other parameters were not
investigated. Since data is limited concerning TSA and LBSA lev-
els in PCOS, we also reviewed studies with sialic acid research
in the general population and in other clinical situations.

Hag et al. (16) and Hangloo et al. (17) demonstrated that TSA
levels did not change with varying age and sex. In contrast,
Lindberg et al. reported in a study including approximately ten

thousand subjects that TSA levels were similar between ages
25 and 44 years but afterwards progressively increased up to
74 years of age (13). Similarly, Crook et al. (14) stated that, in
healthy cases, TSA levels in the elderly population were higher
than those in the younger subjects, and this was explained by
atherosclerosis which increased with age and thus TSA was a
risk factor for cardiovascular disease.

Ponnio et al.,, (18) showed that serum TSA levels did not
increase with age in men, but in women levels increased with
age, especially during the menopausal years. In this study it was
also shown that serum TSA levels increased in correlation with
BM], systolic and diastolic pressure in healthy male and female
subjects. Additionally, after adjustment for age and BMI, the cor-
relation with blood pressure remained. In a small healthy popu-
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Figure 1. Serum total sialic acid and lipid bound sialic acid levels
in patients with PCOS and the controls

lation, Crook et al. (19) found, that the correlation between
serum TSA and blood presure was only present in women.
High blood pressure is an important cardiovascular risk factor.
As the correlation between blood pressure and serum TSA was
shown, the role of TSA in predicting cardiovascular mortality
could be explained (13, 20). Additionally, serum TSA levels also
represented other cardiovascular risk factors such as acute
phase reactants which contain sialic acid (21). Thus, serum TSA
levels and the risk of coronary artery disease were found to be
elevated during the menopause (22).

Diabetic patients, whether type I or II, have been reported to
have elevated serum TSA levels in previous studies (23). Many
studies have also revealed a direct correlation between serum
TSA levels and coronary heart disease in type II DM (24). The
coexistence of type Il DM and cardiovascular disease may pro-
pose a possible insulin resistance or hiperinsulinemia associa-
tion. Flynn et al. (25) reported that insulin resistance increased
serum TSA levels. While we did not find any difference in TSA
levels between patients with PCOS and the controls, a signifi-
cant positive correlation was found between TSA and HOMA-IR
in our study. This correlation disappeared after controlling for
BMIL.

Total SA was found to be elevated in atherosclerotic vascular
inflammation (13, 26, 27). Although Crook et al. (19) have dem-
onstrated that there was a significant relation between serum
TSA and fasting plasma insulin and glucose in healthy popula-
tion, especially in women. The associations between TSA levels
and other cardiovascular disease risk factors such as fasting
insulin level, fasting blood glucose level and insulin resistance
are not clear. Bickerton et al. (28) evaluated cardiovascular risk
in 11 PCOS and 12 healthy control subjects and reported similar
sialic acid levels.

Power analysis for TSA revealed a power rate of 53% in our
study. This power rate was lower than expected and, when
studies with a larger number of patients and higher power val-
ues are performed, the significance of TSA levels in PCOS may
be better understood.

Power analysis for LBSA revealed a power rate of 88% in our
study and this was a sufficient rate. We found that LBSA levels
were significantly elevated in the PCOS group compared to the
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controls. It was found in many studies that acute phase reac-
tants increased in patients with PCOS (29). The increase in lipid
bound SA in patients with PCOS in our study may correlate with
the increase in acute phase reactants in PCOS, but we did not
study these parameters.

After adjustment for BMI, no correlation was observed between
serum LBSA and DHEAS in the PCOS group, whereas a signifi-
cant correlation appeared between LBSA and FSH. We could
not compare our results because we could not find similar
data in the literature. Correlations in the PCOS group may be
incidental and we think that this can be explained in further
detailed studies, including a larger number of subjects.

The weakness in our study is the statistical difference between
PCOS and normoovulatory controls. Higher BMI levels in
PCOS patients may have affected their results. Further studies
between BMI matched groups may clarify the correlations.

In conclusion, we found that serum LBSA levels were higher in
patients with PCOS, but more detailed studies are necessary to
investigate serum TSA and LBSA levels as risk factors for CVD
and DM, and their relations with other hormonal and biochemi-
cal parameters in patients with PCOS.
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