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Abstract 
Polycystic ovarian syndrome (PCO) is one of the most common endocrine disorders of females. It is 
frequently accompanying by insulin resistance, hyperandrogenima and hyperlipidemia, that lead to 
severe consequence in the patients. In the current research, we aimed to evaluate hormones (FSH, LH, 
total and free testosterone, prolactin, anti-Mullerian, progesterone, estradiol) and cytokines (serum 
levels of TNF-α, IL-1b, IL-6, IL-8 and IL-10) in relation with overweight and hyperglycemia in PCO 
patients. Blood samples were collected from one hundred married infertile PCO women (23.30±4.659 
years) visiting Al-Shatra and Bint AL-Hoda hospitals in Thi-Qar governorate- Iraq, who diagnosed 
according to Rotterdam criteria. Blood samples were also collected from 50 healthy, age matched, non-
pregnant with regular menstrual cycle, to serve as control.  The patients of PCO were classified into four  
groups according to BMI and fasting serum glucose  level, (normal weight nondiabetic patients [BMI: 
22.03±4.82 kg/m2 and serum glucose: 99.45±10.62 mg/dl],  normal weight diabetic patients (BMI: 
22.58±4.74 kg/m2 and serum glucose: 128.93±16.34 mg/dl), overweight non-diabetic patients (BMI: 
30.27±5.22 kg/m2 and serum glucose: 100.45±12.54 mg/dl) and   overweight diabetic patients (BMI: 
34±6.28 kg/m2 and serum glucose: 130.88±18.22 mg/dl) compared with healthy control (BMI: 
22.84±4.63kg/m2 and serum glucose: 96.14±10.23 mg/dl).  
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Introduction 
olycystic ovarian syndrome (PCO) is 

one of the most common endocrine 
disorders of females. The incidence is 
highly differ ranging from 2.2% to as high 
as 26% [1].  Several causes contribute to this 
variation, firstly, diagnosing the condition 
is logistically challenging due to the need 
for blood or ultrasound scans and secondly, 
there is substantial variation in the 
interpretation of symptoms, which has led 
to a lack of consensus about medical 
guidelines for the disorder.  

The Rotterdam guidelines cover a wider 
range of prevalence than the national 
institute of health's 1990 standards [2]. The 
etiology of PCOS was uncertain, it is 
manifested by two dominant mechanisms  
 

namely hyperandrogenism and insulin 
resistance (IR), both may lead to clinical 
phenotypes and ovarian morphological 
alterations in ultrasound investigation.  
Inflammatory processes, accompaniment 
these metabolic conditions, are 
characterized by increased proinflammatory 
cytokines and  oxidative markers which in 
turn linked to insulin resistance [3].  

Many studies revealed an elevated 
biomarker of inflammation in PCOS, even 
when body mass index is controlled, which 
confirmed the role  of inflammation in the 
pathogenesis of PCOS[4]. The etiology of 
PCOS was not completely explained. 
Impaired hypothalamic- pituitary- ovary 
axis was among the etiological factors. Many 
genetic variants in form of single nucleotide 
polymorphisms were identify as disease 
susceptibility factors. In recent years, an 
increasing number of research have focused 
on the role of chronic low-grade. 
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inflammation in PCOS. Some results have concluded 
that PCOS-associated inflammation depends on visceral 
adipose tissue.  This is an important point, considering 
that, glucose intake associated with insulin resistance 
can trigger an inflammatory response that increase 
oxidative stress and nuclear factor-κB activation. 
Oxidative stress has been shown to play an important 
role in chronic low-grade inflammation and can be 
significantly augmented in PCOS by increasing the 
proinflammatory cytokines expression [5]. 

Materials and methods 
Blood samples (after 12 hrs fasting) were collected by 
venipuncture from hundred PCO married infertile 
women (23.30±4.66 years) visiting Al-Shatra and Bint Al-
Hoda hospitals in Thi-Qar province - Iraq, they were 
diagnosed by gynecologists according to Rotterdam 
criteria, from September 2021 to the November 2022. The 
patients with suspicion of Cushing syndrome, 
congenital adrenal hyperplasia, androgen-secreting 
tumor, thyroid dysfunction, hyperprolactinemia, 
women used antidiabetic, contraceptives, hormonal, and 
hypolipidemic drugs were excluded. Blood samples 
were also taken from 50 healthy, age matched 
(23.84±4.80 years), with regular menstrual cycle, non-
pregnant, to serve as control. The research was 
confirmed by an ethical committee of health directorate 
of Thi-Qar governorate Iraq. Furthermore, written 
consents were signed by all participants. FSH, LH, total 
and free testosterone, prolactin, anti-Mullerian, SHBG, 
progesterone, estradiol and serum levels of TNF-α, IL-
1b, IL-6, IL-8, IL-10 were assayed by using Enzyme-
linked immunoassay (BIO TEK 800 analysis instrument 
USA), Glucose and lipid profile were determined by 
using spectrophotometer (Apel analysis instrument, 
Japan), according to the operational manual of the 
company. 

Statistical analysis 
The significancy between PCO and healthy control 
groups for each parameter was determined by using 
student t-test (Spss version 26). P-value = 0.05 or lower, 
is considered as significant. 

Results 
According to BMI and fasting serum glucose  level,  in 
comparison with the group of  healthy control, the 
patients of PCO were classified into four  groups: normal 
weight nondiabetic patients [BMI: 22.03±4.82 kg/m2 NS 
and serum glucose: 99.45±10.62 mg/dl (NS)],  normal 
weight diabetic patients [(BMI: 22.58±4.74 kg/m2 NS and 
serum glucose: 128.93±16.34 mg/dl (P<0.01)], overweight 
non-diabetic patients [BMI: 30.27±5.22 kg/m2 (P<0.001) 
and serum glucose: 100.45±12.54 mg/dl (NS)] and   
overweight diabetic patients (BMI: 34±6.28 kg/m2 

(P<0.001) and serum glucose: 130.88±18.22 mg/dl 
(P<0.001)] compared with healthy control (BMI: 

22.84±4.63kg/m2 and serum glucose: 96.14±10.23 mg/dl). 

Seum LH level was significantly elevated in all PCO 
subgroups; normal weight nondiabetic (35.06±16 
mIU/ml, P<0.01), normal weight diabetic (35.01±17 
mIU/ml, P<0.01), overweight non-diabetic (36.08±19 
mIU/ml, P<0.01) and overweight diabetic (36.12±20 
mIU/ml, P<0.01) compared with healthy control 
(20.96±14 mIU/ml), and there were no significant 
variations among PCO subgroups. 

In comparison with the serum level of FSH in healthy 
control (6.6±3.3 mIU/ml), the FSH level was significantly 
elevated in normal weight diabetic PCO (9.3±5.0 
mIU/ml, P<0.05), overweight non-diabetic PCO (9.4±3.0 
mIU/ml, P<0.05) and overweight diabetic PCO patients 
(9.5±4.1 mIU/ml, P<0.05), with no significant variation 
among PCO subgroups. While, normal weight 
nondiabetic PCO patients showed no significant changes 
in the serum level of FSH compared with control group. 
LH/FSH ratio was not significantly changed in all PCO 
subgroups in comparison with control. 

The serum level of progesterone was significantly 
decreased in all PCO subgroups; normal weight 
nondiabetic (10.0±2.0 ng/ml), normal weight diabetic 
(9.4±1.8 ng/ml), overweight non-diabetic (11.0±3.2 
ng/ml) and overweight diabetic (8.3±2.1 ng/ml) (P<0.01 
for all) compared with healthy control (21.3 ±5.2ng/ml). 

Serum prolactin level was also elevated in all PCO 
subgroups; normal weight nondiabetic (19.6±9.3 ng/ml), 
normal weight diabetic (19.2±6.5 ng/ml), overweight 
non-diabetic (18.3±2.0 ng/ml) and overweight diabetic 
(19.5±6.0 ng/ml) (P<0.01 for all) compared with healthy 
control (12.9±4.1 ng/ml).The serum level of total 
testosterone was significantly increased in normal 
weight nondiabetic (1.1±0.3 ng/ml, P<0.05), normal 
weight diabetic (1.4±0.6 ng/ml, P<0.01), overweight non-
diabetic (1.3±0.5 ng/ml, P<0.01) and overweight diabetic 
PCO patients (1.5±0.7 ng/ml, P<0.01) (P<0.01 for all) 
compared with healthy control (0.8 ±0.7 ng/ml).  

Serum level of free testosterone also significantly 
increased in normal weight nondiabetic (2.0±0.8 pg/ml), 
normal weight diabetic (1.8±1.7 pg/ml), overweight non-
diabetic (2.2±1.8 pg/ml) and overweight diabetic PCO 
patients (2.0±1.3 pg/ml) (P<0.05 for all) compared with 
healthy control (1.3±1.3 pg/ml). 

SHBG was significantly elevated in normal weight 
nondiabetic (24.0±11.0 nmol/l, P˂0.01), normal weight 
diabetic (36.0±4.0 nmol/l, P˂0.001), overweight non-
diabetic (22.0±1.8 nmol/l, P˂0.01) and overweight 
diabetic (25.0±14.1 nmol/l, P˂0.01) compared with 
healthy control (17.0±8.7 nmol/l). AMH was increased 
(P<0.01) and E2 was highly elevated (P<0.001) in all PCO 
subgroups compared with control. Serum estradiol was 
significantly increased in all subgroups of PCO patients 
(137.0±11.0 to 192.0±10.2 ng/ml, P˂0.001 for all) 
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compared with control (118.0±19.1 ng/ml). TNF α was 
significantly declined in all PCO subgroup16.0±5.1 to 
21.0±10.0 ng/ml (P<0.01) compared with control group 
(25.2±4.1 ng/ml). IL-6 was significantly elevated in 
normal weight nondiabetic (27.0±19.0 ng/ml, P˂0.001), 
normal weight diabetic (22±4.5 ng/ml, P˂0.01), 
overweight non-diabetic (21±7.9 ng/ml, P˂0.01) and 
overweight diabetic (19±5.6 ng/ml, P˂0.01) compared 
with healthy control (13.1±2.5ng/ml).  IL-8 showed 
only significant decline in the overweight diabetic 

subgroup compared with healthy control, while, IL-10 
showed no changes in the normal weight nondiabetic, 
normal weight diabetic, overweight non-diabetic and 
overweight diabetic subgroups   compared with healthy 
control.   IL-1 β was significantly elevated in normal 
weight nondiabetic (39.0±13.0 ng/ml, P˂0.01), normal 
weight diabetic (53.0±25.0 ng/ml, P˂0.001), overweight 
non-diabetic (38±8.5 ng/ml, P˂0.01) and overweight 
diabetic (41±8.7 ng/ml, P˂0.01) compared with healthy 
control (17.3±7.8 ng/ml).  

Table 1: Serum hormones and cytokines levels in relation with BMI and hyperglycemia in PCO patients. 
Variables N=26 

Overweight 
diabetic 

N=50 
Overweight non-
diabetic 

N=8 
Normal weight 
diabetic 

N=16 
Normal weight 
nondiabetic 

N=50 
Control 
 

BMI (kg/m2) 22.84±4.63a 22.03±4.82a 22.58±4.74a 30.27±5.22b 34±6.28b 
Glucose mg/dl 96.14±10.23a 99.45±10.62a 128.93±16.34b 100.45±12.54a 130.88±18.22b 
LH (mIU/ml) 20.9±14.0a 35.1±16.2b 35.1±17.4b 36.0±19.1b 36.1±20.3b 
FSH (mIU/ml) 6.6±3.3a 7.5±2.6ab 9.3±5.0b 9.4±3.0b 9.5±4.1b 
LH/FSH ratio 4.08±3.39a 5.22±3.2a 4.63±3.2a 5.33±3.4a 4.64±2.1a 
PROG  (ng/ml ) 21.3 ±5.2a 10.0±2.0b 9.4±1.8b 11.0±3.2b 8.3±2.1b 
PRO  (ng/ml ) 12.9±4.1a 19.6±9.3b 19.2±6.5b 18.3±2.0b 19.5±6.0b 
Total Testo (ng/ml ) 0.8 ±0.7a 1.1±0.3b 1.4±0.6c 1.3±0.5c 1.5±0.7c 
Free Testo (pg/ml ) 1.3±1.3a 2.0±0.8b 1.8±1.7b 2.2±1.8b 2.0±1.3b 
SHBG (nmol/l) 17.0±8.7a 24.0±11.0b 36.0±4.0c 22.0±1.8b 25.0±14.1b 
AMH  (ng/ml ) 1.4±0.8a 2.4±1.2b 2.4±0.9b 2.4±1.6b 2.4±0.2b 
E2 (ng/ml) 118.0±19.1a 192.0±10.2c 137.0±11.0c 177.0±17.5c 174.0±13.4c 
TNF α (ng/ml) 25.2±4.1a 18.0±10.0b 19.0±7.5b 21.0±10.0b 16.0±5.1b 
IL-6(ng/ml) 13.1±2.5a 27.0±19.0c 22±4.5b 21±7.9b 19±5.6b 
IL-8 (ng/ml) 17.5±3.2a 14.0±11.0a 17.0±9.4a 15.0±12.0a 12.0±5.0.9b 
IL-10 (ng/ml) 22.36±17.4a 22.0±18.0a 18.7±11.0a 20±17a 24.0±19.0a 
IL-1 β (ng/ml) 17.3±7.8a 39.0±13.0b 53.0±25.0c 38±8.5b 41±8.7b 

Similar letter horizontally means not significant

Discussion 
This study assessed the incidence, pattern and predictors 
of serum hormones and cytokines levels in relation with 
overweight and hyperglycemia in PCO patients in 
comparison with the group of healthy control.  
According to BMI and fasting serum glucose level, the 
patients of PCO were classified into four groups: normal 
weight non diabetic patients, normal weight diabetic 
patients, overweight non-diabetic patients and   
overweight diabetic patients (Table 1). Our study 
revealed that women with PCOS had higher BMI than 
control women, these results were in agreement with 
many previous studies [6, 7]. The obesity was existed in 30-
70% of women with PCOS [8, 9].  

In the current research, we recorded significant increase 
in the levels of LH, prolactin, testosterone, E2, AMH, 
with significant decline in progesterone and SHBG, in all 
subgroups of PCOS compared with healthy control.  
Elevated LH has been described in women with PCO 
and with other hyper-androgenism disorders, like 
androgen-secreting ovarian tumors [10]. Androgens 
affected the releasing of  gonadotropin by aromatization 
to estrogens [11]. Although androgen in the normal level 
didn’t  alter directly, the gonadotropin release in PCOS 
women or in healthy women [12]. Obesity is one of the 

signs of the PCOS, but, not all PCOS patients were obese 

and not all obese females showed PCOS [13]. As in the 
current study, previous the researches revealed that the 
androgens were significantly increased in women with 
PCOS [14], associate with many consequences including 
acne, alopcia and hirsutism, and its physiological effects 
predisposed in long term to infertility [15].  Excess 
androgen also increased insulin resistance, weight, and 
elevate blood pressure, which contributes to 
cardiovascular disease [16]. The results were also 
consistent with that recorded  by Piouka et al. [17], who 
found that AMH was elevated in PCO women, and its 
higher levels reflected the PCOS severity [17, 18].  

On the other hand, it has been noted that the 
responsiveness of endometrium to progesterone was 
decreased PCOS women [19, 20], and the expression of 
progesterone expression was higher in PCOS patients 
who have anovulation in comparison to those who still 
ovulate [21].  In addition, expression of progesterone in 
epithelial cells was higher than that in stromal cells in 
PCOS women [22],  suggested that the lower binding of 
progesterone in stromal cells may resulted in the 
promotion of E2-induced epithelial cell proliferation in 
PCOS [23]. In the current research, we recorded 
significantly elevation in the levels of inflammatory 
cytokines IL6 and IL1β and decline of the level of TNFα 
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with no significantly changes in the level of IL8 and IL10 
in all subgroups of PCOS compared with healthy 
control. The increased levels and expressions of  IL-6 and 
IL-1β in the ovary was correlated with overweight,  
insulin resistance and hyperglycemia which occurred in 
most cases of PCO [24, 25]. 

PCOS, as a chronic low-grade inflammatory condition, 
can stimulate the immune response and elevated 
inflammatory agents such as hsCRP and IL-6 [26]. 
Cytokines including IL-6 enhanced the secretion of 
hsCRP. Increased levels of hsCRP in PCOS have been 
reported in many studies[27, 28].  Production of CRP in the 
liver primarily is under the control of IL-6 stimulation. 
Both  IL-6 and CRP markers of systemic inflammation 
are associated with insulin resistance,  hyperglycemia 
and type 2 diabetes [29, 30].  Adiopcity plays a role in the 
metabolic alterations through the cytokines and 
adipokines production [31]. The pro-inflammatory 
cytokine can stimulate the in vitro proliferation of 
androgen producing theca cells [32]. Therefore, the local 
inflammatory response may stimulate androgen 
produced by ovary in PCOS.  

Although several pro-inflammatory markers were 
elevated in PCOS, but the majority of the studies found 
that the level of TNFα either unchanged or declined [33, 

34]. No significant variations were recorded in IL-10 
between PCOS and healthy control. Although IL-10 in 
the adipose tissue is regulated to limit the systemic pro-
inflammatory response noted in obesity, but the 
comparison between overweight PCOS women with 
overweight controls revealed no significant variations in 
the IL-10 levels, which in agreement with our study [35].  

The results of this study are also in agreement with those  
recorded  by Wu et al. [36], who noted that serum IL-8, IL-
10 levels were not different between PCOS and healthy 
control. Interactions between PCOS, hyperinsulinemia, 
hyper-androgenism, abdominal obesity and 
inflammation, may be key to explain the phenotypes 
presented by women with PCOS and suggesting 
possible interventions to treat PCOS and related 
complications. 

Conclusion 
According to our results, inflammatory cytokines IL6, 
IL1β are an important part of the pathophysiology of 
PCO, and may serve as beneficial indicator in the 
diagnosis and treatment. Furthermore, the results also 
confirmed that IL6, IL1β were positively correlated with 
serum levels of (total and free testosterone, FSH, LH, 
prolactin, anti-Mullerian). While TNFα was inversely 
correlated with these parameters. 

Abbreviations 
AMH: anti-Mullerian hormone, E2: estradiol, FSH: 
follicle stimulating hormone, IL:  Interleukin, IR: insulin 
resistance, LH: luteinizing hormone, SHBG: sex 
hormone binding globulin, TNFa: tumor necrosis factor-

α. 
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