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Abstract 
The relationship between leptin, adiponectin, ghrelin, homocysteine, insulin resistance and 
other biochemical factors in women with polycystic ovary syndrome (PCOS) is controversial. 
We review how the expanded role of these factors in reproduction might impact our 
understanding of  PCOS. For purposes of our review, we accessed  the PUBMED database 
during the past 10 years. Our review confirms that these factors can have etiopathogenetic 
importance in some enigmatic reproductive disturbances such as PCOS. Moreover 
understanding the role of these biochemical factors might be useful for new treatments in 
PCOS.
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Introduction
Polycystic ovary syndrome (PCOS) is a hetero-
geneous disorder of functional androgen excess, 
detectable either by laboratory analysis or by 
clinical exam, with ovulatory dysfunction and 
polycystic ovarian morphology also affecting a 
large proportion of these patients (1, 2). PCOS 
is now thought to be a complex genetic trait, 
similar to cardiovascular disease, type 2 diabetes 
mellitus and metabolic syndrome, where multi-
ple genetic variants and environmental factors 
interact to foster the development of the disor-
der (2, 3).
Life style changes, medical therapy and laparo-
scopic electrocautery may be recommended 
depending on the patient’s goal (3-5). 
In this review, we discuss the status of leptin, 
adiponectin, ghrelin, homocysteine and insulin 
resistance in patients with PCOS.

Leptin
Adipose tissue synthesizes and secretes numer-
ous peptides such as leptin, and adiponectin that 
are involved in the regulation of energy home-
ostasis, reproduction, insulin action and lipid 
metabolism. 
The relationship between these peptides and 

reproductive function is complex and incom-
pletely understood (6).
Leptin, a key hormone in energy homeostasis 
and neuroendocrine function, has a permis-
sive role in the pathogenesis of reproductive 
dysfunction. It is the product of the ob gene 
secreted from adipose tissue which signals the 
amount of energy stores to the brain and is im-
plicated in the regulation of food intake and 
energy balance (6, 7). 
Leptin was discovered as a result of studies 
with ob/ob mice, a strain of hyperphagic obese 
mice, known to lose weight when their circula-
tion is attached to normal mice (8, 9). 
Subsequent studies revealed that ob/ob mice 
have a mutation which results in their inability 
to produce a protein, first called the ob protein 
and later  leptin, that regulates food intake. In 
addition to being obese these mice are infertile 
due to gonadal hypofunction (10).
In humans the leptin gene is located on chro-
mosome 7q 32 and consists of three exons 
and two introns that span 20 kilobases (kb) 
of DNA. Themouse and human ob genes are 
84 percent homologous. Recent studies sug-
gest that leptin may mediate some of the 
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adverse effects of obesity on ovarian function 
in PCOS (10, 11). Brzechffa et al have reported 
increased levels of leptin in PCOS (12) while 
others report normal leptin levels (13, 14). In 
these studies, significant positive correlations 
are found between leptin levels and body mass 
index. Bias in the selection of patients and 
matching control groups may define these dif-
ferences. In addition Micic suggested  in PCOS 
leptin secretion is less than expected because 
of insulin resistance and the presence of vis-
ceral fat (15).
Karlsson et al found that leptin inhibited LH- 
stimulated estradiol production by granulose 
cell (16). 
Jacobs summarized the expanded role of leptin 
in PCOS as follows: interaction with insulin 
and adipose tissue and its effects on ovarian 
function (17).

Adiponectin
Adiponectin, is the most abundant protein se-
creted by adipose tissue. Unlike other proteins, 
it circulates in lower concentrations in obesity 
and insulin-resistant states (18). Yamauchi sug-
gested that adiponectin is a mediator of insulin 
sensivity (19). In the study of Spranger et al 
adiponectin is not lower in women with PCOS 
as compared to body mass index matched ovu-
latory controls. Spranger et al showed that 
metformin therapy did not increase adiponec-
tin concentration in women with PCOS (20).
Sieminska observed lower adiponectin levels in 
the PCOS group than the control group. These 
differences are probably due to cases with a 
higher prevalence of insulin resistance (21).

Ghrelin
The novel peptide ghrelin displays multiple 
endocrine and non-endocrine actions. In obes-
ity, ghrelin administration induces growth hor-
mone secretion, enhances glucose and reduces 
insulin levels. Glintborg et al found that ghre-
lin levels decreased in hirsute PCOS patients 
(22).  
In Italy, Fusco et al studied the effects of ghre-
lin administration on endocrine and metabolic 
parameters in nine obese women with PCOS. 
In both obese and PCOS obese patients leptin 
levels are not influenced by ghrelin adminis-
tration (23). Arvat et al found elevated gherlin 
concentrations might diminish reproductive 
function by inhibiting luteinizing hormone 
(24). The suppressive effects of elevated gh-
relin levels may interfere with ovulation in pa-

tients with PCOS. Gherl in assays vary from 
study to study, some evaluating total ghrelin 
and others active ghrelin.  

Homocysteine and Insulin resistance
Homocysteine is an intermediate product 
formed by the breakdown of methionine  that 
can change with age, sex, nutrition, smok-
ing, chronic inflammation and physical 
activity (25). Elevated  plasma homocysteine 
is shown to be a risk factor for cardiovascu-
lar disease (26). Yarali et al concluded that 
there is a probable relation between increased 
serum homocysteine and insulin resistance in 
women with PCOS (27). On the other hand, 
Sills et al report no correlation between PCOS 
and homocysteine levels (28). Although Kilic_
Okman found no correlation between insulin 
resistance and elevated homocysteine (29) re-
cently, Badawy et al confirmed the correlation 
between insulin resistance and elevated homo-
cysteine (30). 
We suggest that discrepancies in defining 
PCOS, the homocysteine cut-off levels and the 
method of selecting PCOS patients could ex-
plain these differences.
Our study confirms the strong association 
between leptin, adiponectin, ghrelin, homo-
cysteine, insulin resistance and PCOS mani-
festations. Adiponectin expression appears to 
be down-regulated by increased fat mass; this 
is particularly evident in the case of adiponec-
tin expression in women with PCOS. 
It is probable that insulin resistance is a factor 
that may contribute, in part, to these findings. 
Our review supports the conclusion that body 
mass index and insulin resistance are the two 
main factors governing serum levels of these 
peptides. When matched for body mass index 
status, the peptides leptin and ghrelin are not 
different in patients with PCOS.
These biochemical factors can be involved in 
the pathophysiology of PCOS. Further studies 
with larger matched groups are warranted in 
order to examine the status of these peptides.
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