
531

Introduction

Polycystic ovarian syndrome (PCOS) has been shown

to be identified by oligomenorrhea or amenorrhea as men-

struation disorders, hyperandrogenism, and small multiple

cystic follicles in the ovary on ultrasonography, and is usu-

ally found as a complex and heterogenous endocrine dis-

order [1]. It occurs in about ten percent of women around

reproductive age. In addition, it is associated with obesity

in approximately 16% to 80% with PCOS. Recent work

has identified that PCOS is often complicated with insulin

resistance (IR) accompanied by compensatory hyperinsu-

linemia [2]. IR is suggested to be enhanced by the inter-

action between obesity and this syndrome [3]. 

These facts that both lean and obese PCOS patients

show reduced insulin sensitivity and resultant hyperinsu-

linemia to some degree [4], suggest that hyperinsulinemia

caused an increase in androgen biosynthesis [5] and a de-

crease in the levels of sex hormone-binding globulin

(SHBG) [6]. These findings could possibly indicate the

pathogenesis of hyperandrogenism. In addition to repro-

ductive disorder, IR and hyperinsulinemia are recognized

to increase the risk of long-term metabolic diseases, not

only impaired glucose tolerance and type 2 diabetes [7],

but also as cardiovascular disease [8].

Several studies have been reported to measure the circulat-

ing levels of adiponectin because of the importance of IR and

obesity in PCOS [9, 10]. In recent years, it has been shown

that adipocytes are secretorycells which produce various pro-

teins with hormonal-type functions called adipocytokines. It

is demonstrated that adiponectin is a 244-amino-acid protein,

which is produced exclusively by adipose cells, andmay have

a role in preventing or counteracting the development of in-

sulin resistance [11, 12]. In contrast to other adipocytokines,

such as leptin, the production of adiponectin is decreased in

obese subjects [12, 13].

The aim of this study was to clarify the determinants of

adiponectin levels and to investigate the potential role of

adiponectin in IR in women with PCOS. Furthermore, an-

other objective of this study was also to clarify whether

adiponectin is a marker of some degree in PCOS patients.

Materials and Methods

Twenty-seven consecutive reproductive-aged, amenorrheic

women with PCOS were recruited at the Infertility and

Endocrinology Clinic, Oita University Hospital, between January

2002 and December 2004. Exclusion criteria were excess alcohol

consumption (n = 1), cigarette smoking (n = 2), previous or

current oral contraceptive use (n = 3), and endurance physical

training (n = 1). 

Criteria for PCOS were chronic anovulation (fewer than six

cycles in 12 months) or amenorrhea, elevated serum levels of

luteinizing hormone (LH), with normal follicle-stimulating

hormone (FSH), and LH/FSH of at least 1.5, and polycystic

appearance of the ovaries on ultrasound, defined by ten or more

follicles two to eight mm in diameter, with a tendency toward

peripheral distribution and bright echodense stroma. Baseline

characteristics included age, height, weight, body mass index

(BMI), and hirsutism status. BMI was calculated as weight (kg)

divided by height squared (m2). Subjects with Ferriman-Gallwey

scores exceeding ten were defined as hirsute [14]. None of the

PCOS patients had evidence of an androgen-secreting neoplasm,

pituitary adenoma, homozygous adrenal hyperplasia,
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acromegaly, or Cushing syndrome in accordance with National

Institutes of Health criteria. None of the subjects were taking any

medication likely to affect muscle size, muscle strength, or body

fat distribution. All women in the control group had normal ovu-

lating cycles and no signs of hyperandrogenism. 

In all women, the basal serum levels of serum gonadotropin

(FSH, LH), estradiol 17β, testosterone, dehydroepiandrosterone

sulfate (DHEAS), and androstenedione were measured using

commercially available radioimmunoassays (RIAs). Serum levels

of prolactin (PRL), glucose, and insulin were also measured. 

Serum adiponectin was measured using a commercially avail-

able enzyme linked immunosorbent assay (ELISA). The intra-

assay and inter-assay coefficients of variation for these RIAs and

ELISA were 3%-5% and 8% to l0%, respectively. 

IR in the fasting state was evaluated by using homeostasis

model assessment (HOMA) and was calculated with the follow-

ing formula: fasting plasma glucose (mg/dl)×fasting serum

insulin (µU/ml) divided by 405. High HOMA scores denote IR

[15]. The subjects were allocated to four groups on the basis of

the adiponectin value and a diagnosis of PCOS. Hence, group 1

(n = 35) women had PCOS + adiponectin < 40 µg/ml; group 2

(n = 35) had PCOS + adiponectin > 40 µg/ml; group 3 (controls;

n = 15) were ovulating without PCOS + adiponectin < 40 µg/ml;

and group 4 (controls; n = 15) were ovulating without PCOS +

adiponectin > 40 µg/ml. 

Informed consent was obtained from each subject, and the

study was approved by the Institutional Review Board, and was

conducted in accordance with institutional guidelines and the

Declaration of Helsinki.

Statistical analysis
Data are presented as means ± SD, and were analyzed using

the Mann-Whitney U test, chi-square (χ2) test, and Bonfer-

roni/Dunn test for multiple comparisons. A p value < 0.05 was

considered to be statistically significant.
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Table 1. — Clinical and endocrine features of PCOS patients
and controls.

PCOS Controls

No. of patients 20 22

Age 31.3 ± 4.7 30.3 ± 4.8

Height (cm) 157.5 ± 5.5 157.6 ± 4.4

Weight (kg) 56.6 ± 11.0 55.8 ± 10.0

BMI (kg/m2) 22.9 ± 4.8 22.5 ± 4.3

LH (mIU/ml) 9.3 ± 5.8* 4.7 ± 1.6

FSH (mIU/ml) 5.7 ± 1.5** 7.2 ± 1.5

LH/FSH 1.7 ± 0.8* 0.7 ± 0.2

E2 (pg/ml) 43.0 ± 24.0 36.6 ± 21.8

PRL (ng/ml) 11.0 ± 6.1 12.4 ± 9.2

T (ng/ml) 34.2 ± 21.3 32.2 ± 13.7

FBS (mg/dl) 93.0 ± 7.6 92.5 ± 7.2

IRI (pmol/l) 13.2 ± 12.1 7.9 ± 5.6

HOMA-IR 3.1 ± 3.0 1.9 ± 1.5

BMI = body mass index; LH = luteinizing hormone; FSH = follicle-

stimulating hormone; E2 = estradiol; PRL = prolactin; T = testosterone; FBS

= fasting blood glucose; IRI = insulin resistance index; HOMA-IR =

homeostasis model assessment-insulin resistance; *p < 0.01, **p < 0.05 for

differences between PCOS and controls by the Mann-Whitney U test. Data

represent mean ± SD.

Table 2. — The number of subjects on the basis of adiponectin
levels in PCOS and controls.

Adiponectin (µg/ml)

< 40 ≥ 40

PCOS (n = 20) 13 (65%) 7 (35%)*

Controls (n = 22) 6 (27%) 16 (73%)*

*p < 0.05 for differences between PCOS with lower adiponectin levels and

controls with higher adiponectin levels by the χ2-test.

Figure 1. — The concentrations of serum adiponectin levels in PCOS patients and controls, with classification based on body weight.

The figures below the X-axis indicate the number of subjects, in each subgroup. A statistically significant interaction between PCOS

and body weight was observed. 

* p < 0.05 vs controls. The data are expressed as means ± SD.

Figure 2. — The concentrations of serum adiponectin levels in PCOS patients and controls, with classification based on the degree

of insulin resistance (HOMA-IR). The figures below the X-axis indicate the number of subjects, in each subgroup. A statistically sig-

nificant interaction between PCOS and the degree of HOMA-IR was observed. 

* p < 0.05 vs controls. The data are expressed as means ± SD.



The role of serum adiponectin levels in women with polycystic ovarian syndrome 533

Results 

Patients and controls were equally distributed according to

age, BMI, and degree of obesity (Table 1). LH and LH/FSH

ratio were significantly higher in patients with PCOS com-

pared with controls. However, no significant differences were

observed between the BMI-matched groups. 

The results of the univariate analysis of the effects of

PCOS or of control status and of the degree of obesity are

shown in Figure 1. Serum adiponectin levels were signifi-

cantly lower in the ≥ 25 kg/m2 BMI group than among nor-

mal-weight (BMI < 25 kg/m2) women among PCOS

patients; however, these levels were not affected by obe-

sity in controls. 

These levels were also significantly lower in women with

a HOMA score greater than 1.7, compared with those with

an HOMA score less than 1.7 among PCOS patients. No

difference was found in adiponectin levels among controls

as shown in Figure 2. 

Women with PCOS (subjects) were classified according

to serum adiponectin levels as described in Materials and

Methods. When PCOS patients and controls were divided

into two groups by serum adiponectin level (< 40 µg/ml, >

40 µg/ml), 65% of patients with PCOS were included in the

lower adiponectin group (Table 2). LH and LH/FSH ratio

were significantly increased in lower adiponectin group

(group 1) compared with higher adiponectin group (group 2)

among PCOS patients shown in Figure 3. By contrast, there

were no significant differences between two groups in other

hormone levels (Table 3).

Table 3. — Baseline characteristcs and hormonal features in
PCOS and controls.

1 2 3 4

PCOS PCOS Controls Controls

Adiponectin < 40 µg/ml ≥ 40 µg/ml < 40 µg/ml ≥ 40 µg/ml

No. of patients 13 7 6 16

Age 29.4 ± 4.8d 33.9 ± 3.3 30.0 ± 4.6 30.5 ± 5.1

BMI (kg/m2) 24.1 ± 5.5a,d 20.3 ± 1.7 26.7 ± 3.5b,d 21.0 ± 3.3

HOMA-IR 3.0 ± 2.3a 3.0 ± 4.2 3.4 ± 2.1 1.3 ± 0.6

PRL (ng/ml) 9.5 ± 6.5 12.3 ± 5.4 11.6 ± 8.0 12.7 ± 9.9

E2 (pg/ml) 43.5 ± 20.9 47.0 ± 31.3 23.8 ± 5.8 41.4 ± 23.7

T (pg/ml) 40.4 ± 49.5 22.7 ± 19.2 36.2 ± 8.2 30.7 ± 15.3

BMI = body mass index; HOMA-IR = homeostasis model assessment; PRL =

prolactin; E2 = estradiol; T = testosterone.

PCOS patients and controls were classified according to serum diponectin levels

as described in Methods. ap < 0.05 vs group 4 bp < 0.01 vs group 4 cp < 0.001

vs group 4 dp < 0.05 vs group 2 ep < 0.01 vs group 3 for differencies between

four groups by Bonferroni-Dunn test. Data represent mean ± SD.

Figure 3. — The concentrations of serum LH and FSH levels in PCOS patients and controls, with classification based on serum

adiponectin levels. The figures below the X-axis indicate the number of each subgroup. * a p < 0.05 between groups 1 and 4 in FSH

levels, ** b p < 0.01 between groups 2 and 4 in FSH levels, † c p < 0.001 between groups 1 and 4 in LH levels and LH/FSH ratio,
†† d p < 0.05 between groups 1 and 2 in LH levels and LH/FSH ratio, ‡ e p < 0.01 between groups 1 and 3 in LH levels, and LH/FSH

ratio. The data are expressed as means ± SD.



Discussion

In the present study, the authors investigated the rela-

tionship between endocrine parameters and adiponectin

levels in PCOS patients. Adiponectin is thought to be al-

most exclusively produced in adipose tissue. It was demon-

strated that obesity, IR, and type 2 diabetes were associated

with low plasma adiponectin levels in previous study [13].

In this data, obese women (BMI ≥ 25 kg/m2) showed sig-

nificantly decreased fasting serum concentrations of

adiponectin as compared with those of matched lean

women (BMI < 25 kg/m2) with PCOS. 

It has been reported that serum adiponectin levels are

decreased in PCOS patients [10, 16, 17]. Thus, this result

may be particularly important in the context of the con-

currence of obesity (9), IR [18, 19] and/or impaired glu-

cose tolerance [20] in these women. It is well-recognized

that IR is frequently observed and has been linked to the

clinical and endocrine alterations, such as hyperandro-

genism and reproductive disorders in PCOS patients [21,

22]. Likewise, hyperinsulinaemia associated with IR might

be physiological roles of not only impaired glucose toler-

ance and type 2 diabetes mellitus, but also atherosclerosis

and cardiovascular disease observed in women with PCOS

[7, 23]. 

Overall, these findings are based on the previous studies,

in which significant lower adiponectin levels were evident,

in obese women with PCOS [15]. On the other hand, lean

women with PCOS did not show significant decreases in

adiponectin levels as compared with the corresponding lean

women in control group.

It is demonstrated that adiponectin is highly-expressed

in white adipose tissue, and is by far the most abundant

circulating specific protein derived from adipose tissues in

humans [13]. The evidence that adiponectin has the po-

tential to enhance insulin sensitivity and to improve glu-

cose metabolism [11, 12, 24, 25] has been demonstrated

in vitro and in vivo studies using rodents as a model. The

mechanisms of improvement of IR and glucose metabo-

lism by adiponectin are currently under investigation, al-

though it is well-recognized that the effects of

insulin-sensitizing agents have been implicated both in

the liver and muscle [24]. 

Consistent with findings in a rodents’ model, the

adiponectin levels were involved in obesity, type 2 diabetes

mellitus, and cardiovascular disease [12, 26]. In this way,

circulating low adiponectin levels in PCOS may not only

determine the degree of IR, but could also provide a link to

a higher risk of type 2 diabetes mellitus and cardiovascular

disease [21].

The decreasing of adiponectin levels may contribute to

IR in women with PCOS, because adiponectin is consid-

ered to reduce the triglyceride content of muscle, enhanc-

ing insulin signaling, and activates peroxisomal

proliferator-activated receptor alpha (PPARα), resulting

to increase energy combustion. Adiponectin also up-reg-

ulates fat oxidation and transport of muscle and inhibits

the expression of enzymes with gluconeogenesis, reduc-

ing hepatic glucose production by phosphorylation of

AMP-activated protein kinase [27]. 

Overall, one interesting point that arises from these re-

sults is that serum adiponectin levels are observed in hor-

monal differences (elevated LH and LH/FSH ratio) in

PCOS, but not observed in controls. The fact that go-

nadotropin secretion is associated with adiponectin con-

centrations suggests that it may represent the role of

adiponectin on the endocrine condition directly or indi-

rectly in women with PCOS. 

In conclusion, these data have shown that compared with

controlsof similar body weight, PCOS patients have altered

adiponectin secretion. These differences may be caused by

the result of altered adipose tissue function. Likewise, al-

tered adiponectin secretion may still be involved in the

characteristic IRof PCOS. Further studies will be needed to

elucidate this issue. 
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