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Abstract 
Polycystic ovary syndrome (PCOS) is one of the most common endocrine 
disorders of women at reproductive age and the major cause of anovulatory 
infertility. The aim of this study is to determine hormonal imbalance in 
women with PCOS in teaching hospitals in Ekiti State, Nigeria. Samples of 
110 females (50 freshly diagnosed PCOS subjects and 60 healthy subjects) 
between the ages of 25 - 45 years old were collected from Ekiti State Univer-
sity Teaching Hospital, Ado Ekiti and Federal Teaching Hospital, Ido Ekiti, 
Ekiti State, Nigeria. Serum Luteinizing Hormone (LH), Follicle Stimulating 
Hormone (FSH), Total Testosterone, Prolactin, Progesterone, Estradiol and 
Insulin were evaluated in subjects’ blood sample using Enzyme-Linked Im-
munosorbent assay (ELISA). Results obtained were subjected to statistical 
analysis (p < 0.05). The PCOS subjects showed significant increase (p < 0.05) 
in the concentrations of Total Testosterone, Insulin, LH, Estradiol and 
LH/FSH ratio, while FSH and progesterone concentrations showed signifi-
cant decrease (p < 0.05) in comparison with the healthy control group. How-
ever, there was no significant difference in the concentration of Prolactin 
when compared with the healthy control group. Also, the PCOS subjects’ age 
at Menarche was significantly decreased (p < 0.05) while their age showed no 
significant difference (p > 0.05) when compared with the healthy control 
group. Hormonal values obtained in this study indicates hormonal imbalance 
in PCOS. Further investigation into novel helpful markers is required as it 
might help in achieving the therapeutical target in PCOS management re-
search. 
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1. Introduction 

Polycystic ovary syndrome (PCOS) is one of the most common endocrine dis-
orders of women at reproductive age and the major cause of anovulatory infer-
tility [1] [2]. PCOS affects about 4% - 12% of women, predominantly women of 
reproductive age with unclear etiologies [3]. This syndrome has the heterogen-
ous collection of the signs and symptoms that gathered together to form a spec-
trum of disorder with the mild representation in some, whilst in others a severe 
disturbance of reproductive, endocrine and metabolic function [3]. PCOS is 
considered a multifactorial disorder with various genetic, endocrine and envi-
ronmental abnormalities [4]. PCOS is not only based on the reproductive health 
issues, but metabolic and cardiovascular issues are also raised [5]. 

PCOS is a disease with high heterogeneity, and its clinical presentation mainly 
includes menstrual dysfunction, secondary amenorrhea, high androgen concen-
trations and ultrasound evidence of cysts within the ovary, hirsutism, acne, ob-
esity and infertility [2] [6] [7]. The etiopathogenesis of PCOS remains elusive; it 
involves aberrant hormonal responses mediated by ovarian granulosa cells 
(GCs) during the progression of follicular development. In PCOS, high levels of 
androgenic hormones interfere with the hypothalamus-hypophysis axis, leading 
to an increase in the Luteinizing Hormone (LH), with the subsequent anovula-
tion and amenorrea and therefore causing infertility [8]. Also, Insulin resistance 
has being reported a key pathophysiology of PCOS [9]. 

The long-term risk of PCOS includes a significantly increased risk of endo-
metrial cancer, hyperlipidemia, obesity and non-insulin dependent diabetes mel-
litus (NIDDM), hypertension, cardiovascular disease, pregnancy-associated di-
abetes and hypertension [7] [10]. Wang et al. in 2001 reported a great risk of 
spontaneous abortion associated with PCOS compared with non-PCOS patients 
[11]. A high proportion of infertile female patients have PCOS with a wide range 
of possible symptoms [1]. The ethnicity and country of patients influences the 
extent of signs and symptoms in PCOS [12]. Incidence of this disease increases 
in our world today because of sedentary lifestyles, pollution, and excessive intake 
of junk food [13]. Lifestyle modification and weight reduction have been shown 
to decrease androgen effects, increase ovulation, and improve insulin sensitivity 
[14]. 

Treatment of PCOS is currently directed at symptoms rather than targeting a 
specific etiologic pathway, because the underlying pathophysiology is not fully 
determined [14]. Several treatment regimen extensively used for PCOS includes, 
metformin, cabergoline, myo-inositol, D-chiro-inositol, combined oral contra-
ceptives including estradiol and non-androgenic progesterone, and aromatase 
inhibitors [15]. However, this research work estimates the levels of Insulin, Tes-
tosterone, Progesterone, Estradiol, Prolactin, Luteinizing hormone and Follicle 
stimulating hormone in women with Polycystic Ovarian syndrome and to detect 
the implication of its different concentrations in the management of the syn-
drome.  
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2. Materials and Methods 
2.1. Subject Selection  

Freshly diagnosed women with Polycystic Ovarian Syndrome (PCOS) attending 
Ekiti State University Teaching Hospital, Ado Ekiti and Federal Teaching Hos-
pital, Ido Ekiti, Ekiti State were used as the subject for this study. The population 
for the research project is 110 subjects; 60 relatively healthy subjects, 50 PCOS 
subjects with the ages of 25 - 45 years. The PCOS subjects were clinically diag-
nosed and confirmed according to Rotterdam Consensus Criteria [16]. Ethical 
approval was obtained from Ekiti State Teaching Hospital (EKSUTH) Ado Ekiti 
and Ekiti State University Ethics Committee. Letter of consent was issued to 
subjects with proper understanding of the research work before any data or 
sample is collected from them. Questionnaire was be used to collect all relevant 
information about the subjects’ health history, socio-demographic data, anthro-
pometric and life style habits.  

2.1.1. Subjects Inclusion Criteria 
1) Freshly diagnosed and physically examined PCOS subjects. 
2) PCOS subjects aged 25 - 45 years old.  
3) Relatively healthy subjects (subjects without PCOS) as control. 

2.1.2. Subjects Exclusion Criteria 
1) Healthy subjects without PCOS, currently on medication. 
2) Unwilling PCOS subjects, not interested in being included in the research. 

2.2. Sample Collection 

Blood samples (10 mls) were collected intravenously 10 days after the regular 
menstrual cycleusing standard venipuncture technique in the entire subject into 
plain tubes. The collected blood samples were centrifuged at 3000 rpm for 10 
min using table top centrifuge (model 0508-1) to obtain the serum. The serum 
was carefully separated with the use of micro pipette. The samples were stored at 
temperatures of −20˚C for biochemical analysis. 

2.3. Biochemical Analysis 
Determination of Hormones 
Determination of hormones; Luteinizing Hormone (LH), Follicle Stimulating 
Hormone (FSH), Insulin, Total testosterone, Androstenedione (androgen hor-
mone), Prolactin, Progesterone, Estradiol and Cortisol in serum sample were 
carried out using the Enzyme-Linked Immunosorbent Assay (ELISA) as de-
scribed by [17]. 

3. Results 

Table 1 showed significant increase (p < 0.05) in the concentrations of Insulin, 
Testosterone, Estradiol, LH and LH/FSH ratio in the PCOS subjects, while there 
was significant decrease (p < 0.05) in the concentration of Progesterone and FSH  
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Table 1. Levels of hormones in polycystic ovarian syndrome patients and control sub-
jects. 

GROUP/PARAMETERS CONTROL PCOS 

INSULIN (mmol/L) 3.13 ± 0.44a 7.89 ± 1.31b 

TESTOSTERONE (nmol/L) 0.42 ± 0.05a 0.49 ± 0.05b 

PROLACTIN (mmol/L) 12.05 ± 1.33a 13.81 ± 0.77a 

FSH (MIU/L) 6.64 ± 0.62a 4.15 ± 0.50b 

LH (MIU/L) 6.19 ± 1.47a 9.59 ± 1.58b 

(LH/FSH) 1.32 ± 0.24a 2.38 ± 0.59b 

PROGESTERONE (ng/mL) 7.38 ± 1.28a 4.91 ± 1.20b 

ESTRADIOL (pg/dL) 136.67 ± 8.40a 163.57 ± 9.20b 

MENARCHE AGE (yrs) 15.00 ± 0.55a 13.20 ± 0.34b 

AGE (yrs) 34.82 ± 2.17a 33.70 ± 1.47a 

Values are presented as mean ± SEM. Values with superscript a and b are significantly different at p < 0.05 
when compared with Non PCOS control group. PCOS = Polycystic Ovarian Syndrome; FSH = Follicle sti-
mulating hormone; LH = Luteinizing hormone; (LH/FSH) = Ratio of LH and FSH. 

 
in the PCOS subjects when compared with the control subjects. However, the 
level of Prolactin in PCOS showed no significant difference (p > 0.05) when 
compared with the control group.  

Also, Table 1 showed significant increase (p < 0.05) in the weight of PCOS 
subjects while there was significant decrease (p < 0.05) in the menarche age of 
the PCOS subjects in comparison with the control subject. The age of the PCOS 
subjects showed no significant difference (p > 0.05) when compared with the 
control subject as shown in Table 1.  

Clinical Presentations 
1) Ultrasound evidence of cysts within the ovary. 
2) Menstrual dysfunction. 
3) Infertility. 
4) Amenorrhea.  
5) High androgen concentrations.  
6) Hirsutism/acne. 

4. Discussion 

Testosterone is the primary male sex hormone and an anabolic steroid. Testos-
terone is the primary male sex hormone and an anabolic steroid. High androgen 
levels also known as hyperandrogenemia is associated with menstrual cycle ir-
regularities and adverse metabolic features, including insulin resistance, central 
obesity, dyslipidemia, and chronic inflammation in premenopausal women, 
which might lead to an increased cardiovascular risk. Nearly 80 percent of 
women with hyperandrogenism have polycystic ovaries [18]. There was signifi-
cant increase (p < 0.05) in the testosterone concentration of PCOS group when 
compared with Non-PCOS control group (Table 1). This study is in agreement 
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with the work of Bartolone et al. (2000) who reported an extremely high level of 
Testosterone in PCOS [19]. This emphasizes the importance of testosterone in 
diagnosing of PCOS. 

Insulin is a peptide hormone produced by beta cells of the pancreatic islets. It 
regulates the metabolism of carbohydrates, fats and protein by promoting the 
absorption of, especially, glucose from the blood into fat, liver and skeletal mus-
cle cells [20]. When Glucose concentration in the blood is high, the pancreatic 
beta cells secrete insulin into the blood; when glucose levels are low, secretion of 
insulin is inhibited [21]. The concentration of Insulin in PCOS patient shows 
that there was significant increase at p < 0.05 when compared with the control 
subject (Table 1). This corresponds with the work of Meenakumari et al. (2004) 
who reported a high level of insulin level during luteal phase in the PCOS wom-
en [22]. Meenakumari et al. also suggested that increased insulin levels suppress 
progesterone production by granulosa cells collected from women with PCOS 
but not from normal women [22]. However, insulin may act at the pituitary lev-
el, the ovarian and/or the hepatic level to increase androgen synthesis and/or 
free testosterone serum concentrations. Meanwhile significant positive correla-
tion between insulin and LH concentration during the luteal phase has also been 
reported [22]. 

Progesterone is an endogenous steroid and progestogen sex hormone involved 
in the menstrual cycle, pregnancy, and embryogenesis of humans and other spe-
cies [23]. According to this study, there was significant decrease (p < 0.05) in the 
progesterone level of PCOS subjects; this is in agreement with the work of Mee-
nakumari et al. who reported low progesterone level during luteal phase in the 
PCOS women [23]. Hyperinsulinemia and/or insulin resistance was reported a 
possible cause of the Progesterone deficiency in PCOS [22]. High progesterone 
level means that ovulation did indeed occur and the egg was released from the 
ovary, but if the progesterone level is low the egg was probably not released 
leading to anovulation in PCOS [23]. 

Estradiol (E2), also spelled oestradiol, is a steroid, an estrogen, and the pri-
mary female sex hormone. It is named for and it’s important in the regulation of 
the estrous and menstrual female reproductive cycles. The concentration of Es-
tradiol in PCOS subjects in this study increased significantly in comparison with 
the control subject (Table 1). This correlates with the research work of Barto-
lone et al. who reported an extremely high level of Estradiol in PCOS, and sug-
gested that the differential diagnosis of high levels of E2 +/− Testosterone should 
include PCOS [19]. 

Luteinizing hormone (LH) also known as lutropin is a hormone produced by 
gonadotropic cells in the anterior pituitary gland, it is crucial in regulating the 
function of ovaries in women. Also, LH helps to regulate the menstrual cycle and 
egg production (ovulation). However, there was significant increase (p < 0.05) in 
the level of Luteinizing hormone in PCOS subjects compared with the control 
subjects. This study correlates with the research work of Yue et al. who reported 
an increase in the level of LH in PCOS group [24].  
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Follicle stimulating hormone (FSH) is a gonadotropin, a glycoprotein poly-
peptide hormone. FSH is synthesis and secreted by the gonadotropic cells of the 
anterior pituitary gland and regulates the development, growth, puberty matura-
tion, and reproductive process of the body [25]. There was significant decrease 
(p < 0.05) in the concentration of FSH in the PCOS subjects compared with the 
control. The decrease in serum FSH level causes the smaller follicles in the cur-
rent cohort to undergo atresia as they lack sufficient sensitivity to FSH to sur-
vive. Although an increase in LH level drives the ovarian theca cells to produce 
more androgens, insufficient follicle stimulating hormone (FSH) may be the 
more immediate cause of anovulation in PCOS patients [26]. Therefore, High 
level of LH and FSH deficiency may cause loss of menstrual cycles, infertility, 
decrease in sex drive and vaginal dryness and osteoporosis, which can result in a 
tendency to develop bone fractures and consequently lead to Polycystic Ovarian 
Syndrome. 

Also, there was significant increase (p < 0.05) in the level of LH/FSH ratio in 
PCOS subject compared with the control. This is in agreement with the work of 
Yue et al. and Malini and Roy George who reported that both LH and the 
LH/FSH ratio were strongly increased in the PCOS group. The increase in 
LH/FSH ratio indicates hormonal disorder in PCOS [24] [27]. 

Prolactin is a hormone whose primary function is to initiate lactation. It is re-
leased by the pituitary gland, a small organ located at the base of the brain that 
influences the entire body [28]. This study shows that prolactin has no signifi-
cant difference (p > 0.05) when compared with control subject (Table 1). High 
level of prolactin has been shown not to be associated with the PCOS [29]. Szos-
land et al. also stated that hyperprolactinemia does not seem to be more frequent 
in PCOS women and it might not be considered as characteristic feature of 
PCOS [29]. 

Menarche is the first menstrual cycle, or first menstrual bleeding, in female 
humans. From both social and medical perspectives, it is often considered the 
central event of female puberty, as it signals the possibility of fertility. Girls ex-
perience menarche at different ages. The timing of menarche is influenced by 
female biology, as well as genetic and environmental factors, especially nutri-
tional factors. This study showed significant decrease (p < 0.05) in menarche age 
of PCOS subjects in comparison with Non-PCOS subjects. This is in agreement 
with the work of Carroll et al. who reported that women with PCOS have an ear-
lier age at pubarche on average than control subjects, influenced not only by 
weight but also by genetic variants [30]. However, there was no significant dif-
ference (p < 0.05) in the age of PCOS group when compared with Non-PCOS 
group. Therefore, age at menarche might be helpful in early detection of PCOS 
in Females. 

5. Conclusions 

PCOS is a heterogeneous disorder of uncertain cause. In PCOS women, normal 
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gonadotropin-ovarian axis is disturbed; this is reflected by the hormonal disord-
ers. The results obtained in this study showed that testosterone, insulin, proge-
sterone, estradiol, FSH, and LH were implicated in PCOS subjects. Therefore, 
this study suggests an interrelationship between insulin, LH and testosterone in 
promoting the hormonal disorders in PCOS subjects. Improving insulin sensi-
tivity by using insulin-sensitizing agents might help decrease circulating andro-
gen levels, improve ovulation rate, and improve glucose tolerance in PCOS [31].  

Regardless of bodily features/weight, highest priority should be placed on reg-
ular checkup for adolescent females. However factors that could be associated 
with insulin resistance and hyperinsulinemia should be monitored in Adolescent 
girls. Also the age at menarche of adolescents should not be overlooked as it 
might help in early diagnosis of PCOS, hence aids the management and treat-
ment of PCOS. An efficient and timely identification, management and treat-
ment will go a long way in reducing the risks posed by Polycystic Ovarian Syn-
drome. More research is suggested to be done to explore novel biomarkers for 
early diagnosis of PCOS. 
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