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ABSTRACT

Objectives: to evaluate and compare serum adiponectin levels in different phenotypes of polycystic ovary syndrome
(PCOS) and to investigate their correlation with endocrine and metabolic parameters. Material and methods: we studied 5
groups of patients: A (n = 20): H (hyperandrogenism) + O (oligoanovulation) + P (polycystic ovary) [classic phenotype];
B (n = 17): H+ O [classic phenotype but normal ovaries]; C (n = 15): H + P [Ovulatory phenotype]; D (n =17): O+ P
[Normoandrogenic phenotype]; and E (n = 16) control group. Body mass index, waist circumference, waist/hip ratio,
blood pressure and hirsutism were evaluated. Serum concentrations of adiponectin, insulin, Creactive protein, SHBG,
androgens and lipids were measured. Oral glucose tolerance test was performed. Results: there were no differences
between the groups in terms of age and BMI. Total cholesterol, LDL-C and triglyceride levels were higher in phenotype
A than in C (P < 0.05); HDL-C was slightly lower in phenotype D compared to E (P = 0.03). HOMA-IR, insulin and
glucose/insulin ratio were significantly higher in phenotypes A and D vs C and E (P < 0.05). Serum adiponectin levels
were lower in phenotype A (11.6 + 8 ug/mL) than in the rest of the groups (B: 12.5 = 8 ug/mL; C: 20.5 £ 8 ug/mL; D:
17.4 £ 4 ug/mL; E: 20 + 6 ug/mL). This diference reached statistical significance when comparing group A with groups
C and E (P < 0.05). Adiponectin levels were significant and negatively correlated with total testosterone, free androgen
index, androstenedione, DHEAS, 17-hydroxyprogesterone, LH/FSH, insulin, HOMA-IR, Creactive protein, LDL-C,
triglycerides, and waist/hip ratio. A positive correlation was found with glucose/insulin ratio and HDL-C (P < 0.05).
Conclusions: adiponectin serum concentrations vary according to the phenotypic expression of PCOS. Our results
suggest that adiponectin could be used as a biochemical marker to identify phenotypes at increased metabolic risk.
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1. Introduction

Polycystic ovary syndrome (PCOS) is a common endo-
crine disorder in women of reproductive age, character-
rized by hyperandrogenism and chronic anovulation. Seve-
ral studies of diverse populations have estimated its
prevalence at 6% - 10% [1-3]. The patients present, in a
high percentage of cases, obesity, hirsutism, acne, men-
strual irregularities, infertility and metabolic disorders [4].
In 2003, a committee of experts sponsored by the Euro-
pean Society of Human Reproduction and Embryology
and the American Society of Reproductive Medicine had a
meeting in Rotterdam and redefined the criteria for the
diagnosis of PCOS, which now include at least two of the
following three features (often called Rotterdam criteria):
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clinical and/or biochemical hyperandrogenism (H), oli-
goanovulation (O) and/or polycystic ovary on ultrasound
(P); other endocrine diseases should be excluded. These
criteria expanded the definition of PCOS proposed by the
National Institute of Health (NIH) in the 90’s, leading to
four phenotypes: 1-classic PCOS (H + O + P); 2-classic
PCOS but normal ovaries (H + O); 3-ovulatory PCOS (H
+ P) and 4-normoandrogenic PCOS (O + P) [5,6]. The
incorporation of this new definition not only increased
the prevalence and heterogeneity of the syndrome but
also the controversy, particularly in the validation of new
phenotypes (ovulatory and normoandrogenic PCOS) in
the absence of sufficient evidence of possible metabolic
implications in the different groups [7-9]. Although the
cause of PCOS is still unknown, there are several hy-
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potheses attempting to explain the primary defect; the
most commonly accepted is insulin resistance [10]. Due
to its high prevalence, the patients have increased risk of
developing metabolic and cardiovascular alterations,
being abdominal adiposity one of the determining factors
in the development of these disorders [11]. The expan-
sion of the visceral adipose tissue produces changes in
the secretion of various cytokines and adipocyte-derived
proteins, known as adipocytokines, which could not only
contribute to the development of insulin resistance, but
also to reproductive abnormalities by interacting with the
hypothalamic-pituitary-ovarian axis [12-14]. It has re-
cently been postulated that adiponectin, a protein se-
creted exclusively by the adipose tissue and negatively
associated with insulin resistance, would be involved in
the pathogenesis of PCOS [12,15].

The aim of this study was to evaluate serum concentra-
tions of adiponectin in the four phenotypes of PCOS de-
fined according to the Rotterdam criteria and to investi-
gate their correlation with endocrine and metabolic pa-
rameters.

2. Material and Methods
2.1. Subjects

All the subjects signed written informed consent before
entering the study, which was conducted in accordance
with the Declaration of Helsinki and approved by the
institutional ethical committee.

We consecutively studied women of reproductive age
attending the outpatient clinic of the Department of En-
docrinology and Diabetes, University of Cordoba (Ar-
gentina), in whom PCOS was diagnosed according to the
Rotterdam criteria, including at least two of the following
elements [5]:

-Hyperandrogenism (H): modified Ferriman-Gallwey
score >8 or serum total testosterone (TT) >80 ng/dL
(>2.77 nmol/L) and/or free androgen index (FAI=
TT/SHBG % 100) >4.5[16,17].

-Ovulatory dysfunction (O): oligomenorrhea (cycles
longer than 35 days) or amenorrhea (no menses in the
last 6 months) after a negative screening pregnancy test.
In patients with regular menses, progesterone level <4
ng/mL (12.72 nmol/L) in the luteal phase of two con-
secutive cycles.

-Polycystic ovaries (P): 12 or more follicles of 2 to 9
mm diameter and/or increased ovarian volume (>10 mL)
in at least one ovary.

Other causes of hyperandrogenism (Cushing’s syn-
drome, late-onset congenital adrenal hyperplasia and
androgen-secreting tumors) were excluded with appro-
priate diagnostic tests.

We studied five groups of patients: A (n=20) H+O + P
(classic phenotype); B (n = 17): H + O (classic pheno-
type but normal ovaries); C (n = 15): H + P (ovulatory
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phenotype), D (n = 17): O + P (normoandrogenic pheno-
type) and E (n = 16) control group, constituted by healthy
women aged 18 to 35 years, with normal ovulation cycles,
neither clinical nor biochemical hyperandrogenism, and
normal ovaries under ultrasound examination. None of
the participants had concomitant thyroid dysfunction,
hyperprolactinemia or history of medicine intake for at
least 3 months before entering the study.

2.2. Study Protocol

The following clinical, biochemical and ultrasound pa-
rameters were addressed:

2.3. Physical Examination

Body mass index (BMI): body weight in kilograms di-
vided by the square of the height, expressed in meters
(kg/m?).

Waist/hip ratio (W/H): the waist was recorded as the
media of three measurements performed in mid distance
between the last rib margin and the anterior-superior iliac
crest and hip circumference was the largest measurement
over the buttocks.

Blood pressure: the average of two measurements in
the non dominant arm, in sitting position and after a
5-minute rest, using a mercury sphygmomanometer.

Hirsutism: defined as a Ferriman-Gallwey score >8
[16].

2.4. Endocrine and Metabolic Biochemical
Parameters

During the early follicular phase (days 3 to 5) of a spon-
taneous cycle or during amenorrhea, after a 12 hour
overnight fast, blood samples were drawn at 8:00 a.m.
for measurement of androgens (total testosterone, an-
drostenedione, dehydroepiandrosterone sulfate (DHEAS),
17-hydroxyprogesterone), sex hormone binding globulin
(SHBG), gonadotropins, insulin, total cholesterol, HDL
and LDL-cholesterol (HDL-C and LDL-C), triglycerides,
adiponectin and C-reactive protein.

Oral glucose tolerance test (OGTT) was performed af-
ter performing a 3-day diet of 300 g/day carbohydrate
intake; serum glucose was measured at minutes 0 and
120 after the ingestion of 75 g of oral glucose.

Transvaginal ultrasound: Multiplanar 3D transvaginal
transducer, IC 5 - 9 MHz (Voluson 730 Expert, General
Electric, Milwaukee, WI) was used to assess ovarian
morphology. The same operator performed all ultrasound
examinations.

2.5. Assays

Serum adiponectin was assayed by radioimmunoassay
(Linco-Research Inc., St Charles, Missouri, USA). Serum
glucose was determined by the hexokinase method. To-
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tal-cholesterol, HDL-C, LDL-C and triglycerides were
measured with direct homogeneous method and C-reac-
tive protein concentrations were determined by an ultra-
sensitive immunoturbidimetric assay (Autoanalyizer
COBAS Modular 6000, Roche, Germany). Total testos-
terone, LH, FSH, SHBG, DHEAS and insulin were de-
termined by electrochemiluminescence (Elecsys 2010
Roche, Germany). Androstenedione and 17-hydroxy-
progesterone were measured with radioimmunoassay
(RIA) kit (Pozo Counter of ZX Alfa Nuclear). The intra-
and interassay coefficients of variation combined were <10%
for all assays performed. The following indexes were
calculated: Homeostasis model assessment (HOMA-IR)
= [serum fasting glucose (mmol/L) x serum fasting insu-
lin (ulU/mL)]/22.5 [18]. Free androgen index (FAI) =

[Total testosterone (nmol/L)/SHBG (nmol/L)] x 100 [17].

Glucose/insulin ratio (G/I) = [serum fasting glucose
(mg/dL)/ serum fasting insulin (ulU/mL)].

2.6. Statistical Analysis

All data are presented as mean =+ tandard deviation (SD).
They were analyzed with ANOVA test and the differ-
rences between the 5 groups were calculated with post
hoc Bonferroni test. Free androgen index, SHBG and LH
were log transformed, analyzed with the above men-
tioned test and log transformed again. Associations be-
tween adiponectin and hormonal-metabolic parameters
were examined by Pearson’s correlation coefficient.
Linear regression analysis was performed to identify in-
dependent predictors of adiponectin levels. P < 0.05 was
considered statistically significant. SPSS software v. 17.0
(SPSS Inc., Chicago, IL) was used for data analysis.

3. Results

The clinical, anthropometric, hormonal and metabolic
characteristics of the patients are depicted in Tables 1
and 2.

3.1. Clinical and Anthropometric Parameters

No differences in terms of age and BMI were observed
between the groups. Waist circumference and W/H ratio
were statistically greater in phenotypes A and D com-
pared to controls (P < 0.05) (Table 1).

3.2. Endocrine Parameters

Total testosterone, free androgen index, androstenedione
and DHEAS levels were significantly higher in pheno-
types with hyperandrogenism (A, B and C Vs D and con-
trols, P < 0.05). Phenotypes A and D had significantly
higher concentrations of LH than groups C and control
(Table 2). No correlation between serum total testoster-
one level and metabolic markers (insulin, HOMA-IR,
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C-reactive protein, HDL-C, LDL-C, triglycerides, W/R
and G/I ratio) was observed.

3.3. Metabolic Parameters

Significantly higher levels of total-cholesterol, LDL-C
and triglycerides were observed in phenotype A Vs C (P <
0.05); HDL-C was slightly lower in phenotype D com-
pared to the control group (P = 0.03). HOMA-IR and
insulin were significantly higher in phenotypes A and D
than in groups C and control (P < 0.05). Glucose/insulin
ratio was lower in phenotypes A and D than in groups C
and control (P < 0.0001). No significant differences re-
garding the levels of C-reactive protein were observed
between groups A, B, C and D, but all of them were sig-
nificantly higher than group E (control) (Table 1).

3.4. Adiponectin Levels

Patients with phenotype A had lower values of adi-
ponectin compared to the rest of the groups and reached
statistical significance when compared to groups C and
control (P < 0.05) (Table 1). Serum adiponectin levels
negatively correlated with: total testosterone level (r =
—0.40), FAI (r = —0.40), LH/FSH (r = —0.40), andros-
tenedione (r = —0.30), DHEAS (r = -0.30), 17-hy-
droxyprogesterone (r = —0.31), insulin (r = —0.32),
HOMA-IR (r = —0.32), C-reactive protein (r = —0.34),
LDL-C (r = —0.28), triglycerides (r = —0.30), and W/R
ratio (r = —0.30). A positive correlation was found with:
Glucose/Insulin ratio (r =+ 0.31) and HDL-C (r =+ 0.20).
(P < 0.05 in all variables). The linear regression analysis
showed that the levels of total testosterone (f = —0.383, P <
0.0001), HDL-C (g = 0.225, P = 0.02) and glucose (f =
—0.210, P = 0.04) contributed to the decrease of serum
adiponectin levels. The model explains 21% of the varia-
tion of adiponectin levels for these variables (R* = 0.21,
F=7.12,P<0.0001).

4. Discussion

Our results showed differences in serum adiponectin levels
between the phenotypes of PCOS and control women.
Considering that PCOS patients and control subjects dif-
fered in hyperandrogenism, body fat distribution and in-
sulin resistance, the decrease in serum adiponectin levels
observed in PCOS patients may be related to any of these
variables. To further explore these influences, we applied
linear regression analysis and observed that mainly tes-
tosterone, and to a lesser extent HDL-C and glucose levels,
contributed to the variance in serum adiponectin concen-
trations.

The correlation between testosterone and adiponectin
serum concentrations reproduced the findings of other
authors [19-22]. Studies in animal (mice) and human
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Table 1. Clinical and metabolic parameters in different phenotypes of PCOS and healthy controls.

Variables A (n=20) B(n=17) C(n=15) D(n=17) E (n=16)
Age (years) 252+5 258+ 6.0 27.9+5.6 294+5.5 28.5+59
BMI (kg/m?) 257+5 24+3 24+3 26+ 4 23+2
Waist (cm) 90+ 11.5° 86+ 10 86+ 10 91 +12° 79 + 43¢
WHR (cm) 0.88 = 0.05° 0.86 = 0.07 0.86 = 0.06 0.88 = 0.06° 0.81 +0.03*
SBP (mm/Hg) 11711 114+10 113£10 116 =114 107+6
DBP (mm/Hg) 78+7 74+7 72+7 78 +10 71+2
F-G score 10 £9°¢ 10 £ 5% 8 +3%¢ 2+ 280 1+ 10
Fasting glucose (mg/dL) 85+13 79+ 6 79+8 86+ 11 81+4
2 h-OGTT glucose (mg/dL) 94+22 84+ 14 79+ 14 89+ 16 88+ 10
Fasting Insulin (uIU/mL) 122+ 6.8% 112+9 6.12 +3.2% 11.8 6% 5.4+1.9%
HOMA-IR 2.6£2.1° 21+1.7 1.2+0.6" 2.5+ 14 1.1+£0.3*
C-reactive Protein (mg/L) 1.8+ 1.7 136+1.3° 1.62+1.6° 1.52+1.5° 0.72 £ 0.5%>4
Total C (mg/dL) 192 +35° 181+28 161 25 170 =29 172 +32
HDL-C (mg/dL) 57+13 58+ 12 54 +10 50 +12° 63 +9¢
LDL-C (mg/dL) 124 +33° 110 =32 94 +23° 103 23 97 +27
Triglycerides (mg/dL) 121 + 64°¢ 94 + 47 66+ 19° 99 + 39 75 +33°%
G/I ratio 9+ 4°¢ 12+8 19 +£9* 9+ 5% 17 £ 6
Adiponectin (pg/mL) 11.6 +8%° 125+8 20.5+9° 174+4 20+ 6"

Note: Group A = hyperandrogenism, ovulatory dysfunction and polycystic ovaries; Group B = hyperandrogenism and ovulatory dysfunction but normal ovaries;
Group C = hyperandrogenism and polycystic ovaries but ovulatory cycles; Group D = ovulatory dysfunction and polycystic ovaries but no clinical or bio-
chemical hyperandrogenism; Group E = healthy control group; BMI = body mass index; WHR = waist-to-hip ratio; SBP = systolic blood pressure; DBP =
diastolic blood pressure; F-G score = Ferriman-Gallwey score; OGTT = Oral Glucose Tolerance Test; HOMA-IR = homeostasis model assessment; G/I ratio =
Glucose to insulin ratio. Data are shown as mean + SD. P-values were calculated using ANOVA and post hoc Bonferroni tests. “P < 0.05 compared with A; P <0.05
compared with B; °P < 0.05 compared with C; “P < 0.05 compared with D; °P < 0.05 compared with control subjects.

Table 2. Hormonal parameters in different phenotypes of PCOS and healthy controls.

Variables A (n=20) B (n=17) C(n=15) D (n=17) E (n =16)
Total testosterone 101 + 37bede 80 + 12nde 78 + 15%de 40 + 13%0¢ 28 + 10%b¢
(ng/dL)
SHBG (nmol/L) 61+42 50 +26 58 +35 67 + 40 69 + 20

FAI 8.24 + 6.8%¢ 7.31 £ 4.5% 6+3.1% 25412 1.50 +0.6™"*

LH (mIU/mL) 11+£4.2°¢ 8+23 7.25 2.2 10.2 +3.4°¢ 5.9+ 1.4%4
LH/FSH ratio 1.9+0.6° 1.9+0.8 14+04° 1.7+0.5° 0.79 + 0,204

A4-A (ng/mL) 53 £0.109¢ 430,70 43 +0.8¢ 1.8+ 0.8 1.2£0.7%¢

DHEAS (ug/dl) 362 + 1374 375 £ 624¢ 343 + 60%° 198 + 60°P< 200 + 56*°°
17-OHP (ng/mL) 1.85 +0.6%4¢ 1.37 £ 0.5%% 1.33£0.5% 0.88 +0.3*° 0.53 +0.2"¢

Note: Group A = hyperandrogenism, ovulatory dysfunction and polycystic ovaries; Group B = hyperandrogenism and ovulatory dysfunction but normal ovaries;
Group C = hyperandrogenism and polycystic ovaries but ovulatory cycles; Group D = ovulatory dysfunction and polycystic ovaries but no clinical nor bio-
chemical hyperandrogenism; Group E = healthy control group; SHBG = Sex Hormone Binding Globulin; FAI = Free Androgen Index; LH = Luteinizing Hor-
mone; FSH = Follicle-Stimulating Hormone; A4-A = Androstenedione; DHEAS, Dehydroepiandrosterone Sulfate; 17-OHP, 17-Hydroyprogesterone. Data are
shown as mean + SD. P-values were calculated using ANOVA and post hoc Bonferroni tests. “P < 0.05 compared with A. °P < 0.05 compared with B. °P < 0.05
compared with C. *P < 0.05 compared with D. °P < 0.05 compared with controls.

models (hypogonadal men after testosterone replacement) Since it has been demonstrated that serum adiponectin
have shown the inhibitory effect of testosterone over plays an important role in the pathogenesis and amplifi-
adiponectin secretion [21]. cation of insulin resistance, it has been postulated that
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hypoadiponectinemia may contribute to insulin resistance
in PCOS women [12,19,22].

Escobar-Morreale H. ef al. conducted a cross-sectional
study to evaluate the possible involvement of adiponectin
and resistin in the pathogenesis of PCOS in Spain. Se-
venty-six PCOS patients and 40 non-hyperandrogenic
women were matched for BMI and degree of obesity.
After a strict statistical evaluation, the authors demon-
strated that free testosterone levels, age and abdominal
adiposity, irrespective of the degree of obesity, were the
major determinants of hypoadiponectinemia [19]. Siemin-
ska L. et al. in a study of Polish PCOS patients, reported
that serum adiponectin concentrations were best pre-
dicted by waist/hip ratio, free androgen index and pres-
ence of impaired glucose tolerance [23]. These results
support the hypothesis that hyperandrogenism might in-
directly favor insulin resistance in women, by inducing
abdominal adiposity and possibly decreasing adiponectin
in PCOS patients [12,24]. The inverse situation, abdo-
minal adiposity insulin resistance and compensatory hy-
perinsulinemia that results in hyperandrogenism, are well
established pathogenic mechanisms in PCOS [10]. How-
ever, when administered in conjunction with a low-calo-
rie diet to overweight and obese PCOS women, the anti-
androgen flutamide decreased visceral fat and reduced
total and LDL cholesterol concentrations and hyperan-
drogenism [25].

On the other hand, Barber T. et al. conducted a cross-
sectional study in United Kingdom to explore the poten-
tial contribution of adipocytokines such as retinol-bind-
ing protein 4 and adiponectin on the etiology of PCOS.
They found no evidence for an intrinsic, obesity inde-
pendent association between serum adiponectin levels
and PCOS [26].

Possible reasons for those differences could be ex-
plained by ethnic diversity, different criteria used for
PCOS definition and the lack of diagnostic phenotypes in
the majority of previous studies.

Only two researchers and our group have examined
and compared serum adiponectin levels between PCOS
phenotypes. In our study, the ovulatory phenotype group
and the control subjects had similar adiponectin levels
and metabolic parameters but presented significant diffe-
rences regarding the classic PCOS phenotype. These
findings are in accordance with a recent Italian study that
showed that adiponectin serum levels in anovulatory
PCOS were lower than in ovulatory phenotypes [27].
However, unlike our results, these authors couldn’t de-
monstrate a correlation between adiponectin and an-
drogen levels; and did not include the normoandrogenic
phenotype. Karkanaki A. et al. studied the four PCOS
phenotypes in a Greek population [22]. These authors
included normoinsulinemic patients with normal weight
and found that adiponectin levels were lower in the
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classic PCOS compared to normoandrogenic and ovula-
tory phenotypes. They also described a negative correla-
tion between adiponectin, testosterone and insulin levels.
Our patients of normoandrogenic phenotype showed
higher adiponectin levels compared to the classic PCOS,
without statistical significance. An increased waist-to-hip
ratio in both phenotypes indicates that abdominal/
visceral body fat distribution could have determined this
result. This suggests a possible dysfunction of adipose
tissue in the establishment of insulin resistance in PCOS.
L. Manneras-Holm et al. showed that in PCOS women,
enlarged adipocytes and reduced serum adiponectin,
together with a large waistline, rather than androgen ex-
cess, are strongly correlated with the pathogenesis/ main-
tenance of insulin resistance [15]. In addition, possible
genetic mechanisms could explain the variations in adi-
ponectin levels in patients with PCOS [28].

In conclusion, we observed that the serum concentra-
tions of adiponectin vary according to the phenotypic
expression of PCOS and that this difference is related not
only to androgen levels but also to the android pattern of
adipose tissue distribution. Our results suggest that adi-
ponectin could be used as a biochemical marker to iden-
tify the phenotypes at increased metabolic risk. However,
cohort studies are needed before applying the measure-
ment of serum adiponectin in clinical practice
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