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Introduction

Polycystic ovarian syndrome is a heterogeneous collection of 
signs and symptoms that form a spectrum of a disorder with 
a mild presentation in some women and a severe disturbance 
of reproductive, endocrine, and metabolic function in others. 
The pathophysiology of polycystic ovary syndrome (PCOS) 
appears to be multifactorial and polygenic. Key features 
include menstrual cycle disturbance, hyperandrogenism, and 
obesity.[1]

Polycystic ovaries are commonly detected by ultrasound or 
other forms of pelvic imaging, with estimates of the prevalence 
in the general population as 20%–33%.[2]

PCOS has significant and numerous clinical issues, including 
reproductive, endocrine, and metabolic disorders such 
as hyperandrogenism and obesity, especially abdominal 
obesity, is an independent factor aggravating PCOS endocrine 
abnormalities, as subcutaneous abdominal adipose tissues and 
the liver tissues contribute to extragonadal aromatization.[3]

There is evidence that PCOS is also a proinflammatory 
disorder, characterized by the presence of chronic low-
grade inflammation and there is increased level of several 

inflammatory cytokines that associated with insulin resistance 
(IR). Obesity and diabetes mellitus have also been found to 
be associated with the syndrome.[4] Plasma interleukin (IL)‑18 
is found to be elevated in obesity and in women with PCOS 
and in patients with type  2 diabetes.[5,6] It was found that 
common polymorphisms in the genes encoding tumor necrosis 
factor (TNF), type 2 TNF receptor, IL‑6, and the IL‑6 signaling 
molecule gp130 are associated with hyperandrogenism and 
PCOS or influence hyperandrogenic phenotypic traits.[7,8]

Aim of this study
The aim of the study is to measure the level of IL 18, IL 6, and 
TNF alpha in polycystic ovary women and compare their levels 
between PCOS women with apparently healthy control group.

Martials and methods
A total number of 73 women with PCOS were involved in this 
case‑control study. Patients were collected from outpatient 
and private gynecological clinics from different area of Basra 
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regardless the marital status, whom age ranged from 20 to 
40  years. The diagnosis of PCOS was based on Androgen 
Excess and PCOS society at 2006 criteria:[9] (1) Oligoovulation 
and/or anovulation; (2) clinical and/or biochemical signs of 
hyperandrogenism  (patients presented with hirsute, acne or 
alopecia, and/or increased circulating levels of testosterone); 
(3) polycystic ovaries (ovarian morphology was assessed using 
transvaginal ultrasound).  (4) Exclusion criteria included all 
patients with hormonal therapy (or any medication known 
to interfere with follicular development or hormonal levels 
for last 4 months of sample aspiration), diabetic patients, and 
patients with oligomenorrhea, and amenorrhea due to other 
causes other than PCOS causes.

The control group consists of 73 fertile women collected from 
primary health care centers in Basra and who have regular 
menstrual cycle with no sign of hyperandrogenism and their 
age between 20 and 40  years and subjected to ultrasound 
examination and have normal hormonal level.

Body mass index (BMI) for both patients and control group was 
calculated as follows: Weight  (kilograms)/height2  (meters). 
The simplicity and ease of measurement have entrenched the 
widespread use of the BMI as a marker of adiposity, not only 
for epidemiological purposes but also in clinical practice.[10] 
BMI is interpreted by using standard weight status categories 
that are the same for all ages and for both men and women. 
For adults, WHO defines overweight and obesity as follows:[11] 
overweight: Is a BMI ≥25 and obesity: Is a BMI ≥30.

BMI provides the most useful population‑level measure of 
overweight and obesity as it is the same for both sexes and for 
all ages of adults. However, it should be considered a rough 
guide because it may not correspond to the same degree of 
fatness in different individuals.[11] Blood sugar was measured 
to exclude diabetes mellitus.

Materials and Methods

Blood sample was collected  (from each patients) in clot 
activator tube; serum was separated after centrifugation and 
divided into three Eppendorf tubes to avoid multiple freezing 
and thawing and kept frozen until time of analysis. Serum level 
of IL6, IL18, and TNF alpha was collected for both patients and 
control group by using enzyme‑linked immunosorbent assay by 
using human ELIZA kits from R and D system USA company.

Results

Demographic characteristics
This is a case‑control study involved 73 patients with PCOS 
obtained from outpatient and private clinics in period between 
August 2016 and March 2017. These were compared with age 
matched 73 apparently healthy controls. The basic subject 
characteristics are shown in Table 1. There was no significant 
difference in mean age, BMI, or age group distribution between 
cases and controls. Around half of the patients (54.8%) have an 
evidence of hyperandrogenism and only three patients (4.1%) 
have normal menstrual cycle.

Distribution of individuals on different classes of obesity 
is shown in Figure 1. There was no significant difference 
between patients and controls regarding grades of 
obesity (P > 0.05).

The levels of cytokines are shown in Table  2. There was 
highly significant difference in levels of IL‑6 and IL‑18 
between PCOS patients and controls. In addition, TNF α 
of PCOS patients was significantly higher than the controls 
(The difference in the number of sample in the table due to 
negative result so these samples excluded from the study).

Table 2: Cytokines levels in cases and controls

Cytokines Subjects n Mean±SD Range P
IL‑6 (ng/ml) Cases 68 277.5±292.4 0.0‑736.4 <0.01

Controls 71 5.8±10.5 0.0‑45.3
IL‑18 Cases 71 643.4±171.8 361.0‑997.6 <0.01

Controls 71 328.0±147.9 124.0‑950.0
TNF‑α Cases 64 31.9±67.1 0.0‑339.4 0.022

Controls 60 10.7±23.8 1.6‑161.0
SD: Standard deviation, TNF‑α: Tumor necrosis factor alpha, 
IL: Interleukin

Table 1: Demographic characteristics for polycystic ovary 
syndrome women and apparently healthy control women

Cases 
(n=73)

Controls 
(n=73)

P

Age (years), mean±SD 27.7±5.8 29.4±5.7 0.082
BMI (kg/m2), mean±SD 27.0±3.4 26.0±3.3 0.060
Age groups (years), n (%)

18‑20 5 (6.8) 6 (8.2) 0.274
21‑25 24 (32.9) 13 (17.8)
26‑30 17 (23.3) 20 (27.4)
31‑35 18 (24.7) 19 (26.0)
≥36 9 (12.3) 15 (20.5)

History of infertility, n (%) 50 (68.5) 0 0.0
Oligomenorrhea, n (%) 70 (95.9) 0 0.0
Hyperandrogenism, n (%) 40 (54.8) 0 0.0
SD: Standard deviation, BMI: Body mass index

Figure 1: Distribution of individuals on different grades of obesity
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Table  3 shows the effect of obesity on cytokines levels in 
patients with PCOS. There is no significant difference in the 
level of IL between obese and nonobese PCOS women.

The effect of hyperandrogenism on cytokines levels in PCOS 
women is shown in Figure  2. There is no difference in IL 
levels in women with PCOS in the presence or absence of 
hyperandrogenism.

The effect of infertility on cytokines levels in PCOS women 
is shown in Figure  3. There is no significant difference in 
the levels of cytokines in PCOS women in the presence 
or absence of infertility regardless primary or secondary 
infertility (P > 0.05).

The effect of luteinizing hormone  (LH)/follicle‑stimulating 
hormone  (FSH) ratio on cytokines level in PCOS women 
is shown in Figure 4. Only nine patients with pcos found to 
have LH/FSH ratio higher than 3. No statistically significant 
difference was found in the levels of cytokines between PCOS 
women with LH/FSH ratio higher than three and PCOS women 
with LH/FSH ratio lower than three.

Discussion

PCOS is one of the most common endocrine disorders in 
humans. In fact, emphasis on its importance rises from increased 
prevalence of cardiovascular diseases and higher cardiovascular 
morbidity even in young and thin women with PCOS; this may 
be partially due to low‑grade inflammation such as is seen in 
individuals with an excess of visceral/ectopic fat, a feature 
of most women with PCOS which plays an important role in 
cardiovascular disorders, in addition to atherosclerosis.[12]

Evidence of low‑grade chronic inflammation in PCOS is 
indicated by the presence of several elevated markers such as 
inflammatory cytokines (i.e., IL‑6 and IL‑18).[13]

Immune system is affected by estrogen/progesterone ratio.[14] 
Patients with PCOS present low progesterone level as a result 
of oligoovulation or anovulation; therefore, the immune 
system could be overstimulated by excess estrogen leading to 
production of autoantibodies in these patients.[15]

Several mechanisms related to estrogen effects on the immune 
system, estrogens stimulate the production of IL‑4 in Th2 
lymphocytes, IL‑1 in monocytes, IL‑6 in T‑lymphocytes and 
interferon‑γ in Th1 cells. The stimulatory effect of estrogens 
on the immune system could be inhibited by progesterone.[16]

Table 3: Effect of obesity on cytokines levels in polycystic 
ovary syndrome women

Normal 
(BMI ≤25 kg/m2)

Overweight and obese 
(BMI >25 kg/m2)

P

IL‑6 (ng/ml) 254.0±277.9 292.1±306.2 0.612
IL‑18 (ng/ml) 626.9±191.4 651.7±162.0 0.569
TNF‑α 36.1±76.7 31.0±63.8 0.778
BMI: Body mass index, TNF‑α: Tumor necrosis factor alpha, 
IL: Interleukin

In this study, 73 women with PCOS were involved, the 
average age was 27.7 ± 5.8 years which is in agreement with 
Mehde[17] (27.85 ± 4.23 years) but lower than that obtained 
by ELMekkawi[18] (31 ± 5 years) and higher than in studies 
of both Alteia et al. and Agacayak et al.[3,19] (25.8 ± 4.4 years) 
(mean 26.2 ± 4.0 years).

The similarities between these studies regarding the same age 
group administration because PCOS appeared at menarche and 
the females became symptomatic later but most women with 

Figure 4: Effect of luteinizing hormone/follicle‑stimulating hormone ratio 
on cytokines levels

Figure 2: Effect of hyperandrogenism on interleukin 6, interleukin 18, and 
in polycystic ovary syndrome women

Figure  3: Effect of infer tility on cytokines level in polycystic ovary 
syndrome women
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polycystic ovarian syndrome are diagnosed when their age 
between 20 and 30 years.[20] The mean BMI of PCOS women 
was within overweight range (27.0 ± 3.4) kg/m2 which is 
in agreement with Alteia et al.[19] and higher than the results 
obtained by several authors.[21,3] On the other hand, the BMI  
of PCOS women in other studies was found to be within obese 
range (33.14 ± 1.88) (kg/m2).[17,8] PCOS women had BMI of 
31.8 ± 9.2 kg/m2. Obesity is a common feature in PCOS ladies; 
the relation between adiposity with menstrual disturbance and 
hyperandrogenic status in PCOS is confirmed by data that 
detect an improvement in these parameters with weight loss.[22] 
In this study, 95% of cases had menstrual disturbance, 54% of 
cases had hyperandrogenism, and 68% of cases had infertility.

Menstrual irregularity might be considered as a marker 
for IR in PCOS. Oligomenorrhea has been associated with 
hyperinsulinemia and with increased prevalence and future risk 
of type II diabetes mellitus.[23] It is found that PCOS women 
had infertility rate 66%,[24] but these studies are based on data 
collected from fertility clinics and hospitals, and there is no 
study which determined the natural history of the prevalence 
of infertility in PCOS, so further study is needed. It was 
found that the average level of IL 18 is to be significantly 
higher in PCOS ladies (643.4 ± 171.8 pg/ml) than in control 
group (328.0 ± 147.9 pg/ml) (P < 0.01), and it is the strongest 
predictor of PCOS among the studied parameters by using 
stepwise multiregression analysis but the difference in the level 
of IL18 between lean and obese ladies with PCOS was not 
significant (P > 0.05) and this result agrees with Yang et al.’s 
study and disagrees with other study done by Escobar‑Morreale 
et al.[13] which reported that both polycystic ovarian syndrome 
women and obesity induced an elevation in serum levels of 
IL‑18; this disagreement may be due to the effect of different 
demographical factors and inclusion criteria.

There was no statistical difference between PCOS women 
with or without hyperandrogenism, and the difference in IL18 
in PCOS ladies having infertility and those who do not have 
infertility is not significant. IL 18 has positive correlation with 
BMI in nonobese PCOS women, while Mehde[17] and Yang 
et al.[21] found that this correlation to involve both obese and 
nonobese women. This difference may be due to the difference 
in inclusion criteria and inability to exclude all factors that 
elevate serum IL 18 levels. It is found that IL 18 plays role in 
the pathogenesis of insulin resistant,[13] so this may explain the 
higher level of IL 18 level present in PCOS ladies.

Increment of IL 18 has been postulated to have several 
deleterious effects. Higher serum IL‑18 levels appear to be 
associated with atherosclerosis.[25] Serum IL‑18 levels are 
associated with cardiovascular death in patients with ischemic 
heart disease and with coronary events.[26]

Increased risk of ischemic heart disease has been reported 
in PCOS women in comparison with healthy controls.[27] 
PCOS is associated with endothelial dysfunction, decreased 
vascular compliance, and early carotid atherosclerotic changes. 
It is possible that these findings are due in part to increased 

IL‑18 levels.[28] In the present study, it was found that IL6 
is significantly higher in PCOS (277.5 ± 292.4 pg/ml) than 
control (5.8 ± 10.5 pg/ml), and this result was in agreement 
with other studies that done in Iraq,[17,19,29] but this result 
differed with Agacayak et  al.[3] who found that there is no 
significant differences found in the level of IL6 between 
polycystic ovaries women and healthy normal women.This 
difference may be due to difference in BMI between this study 
and Agacayak et al.’s study.[3]

In the present study, there is no statistical significant differences 
in the levels of IL-6 between obese (292.1 ± 306.2 pg/ml) and 
non-obese polycystic ovaries women (254.0 ± 277.9 pg/ml) 
(P > 0.05) and no difference in level of IL-6 between PCOS 
women in existing or lacking of hyperandrogenism. This result 
was in agreement with Fulghesu et al.[30] who found that serum 
IL 6 was at higher levels in all polycystic ovaries women with 
IR independent of BMI. However, this disagreed with Escobar 
Morreale et al.[8] who found significant difference in the 
level of IL6 between polycystic ovaries women with obesity 
and lean polycystic ovaries women and they detected that 
inflammatory marker is completely dependent on obesity, and 
low grade level of inflammation is related to excess body fat. 
These dissimilarities in the finding may be related to difference 
in the ethnicity and inclusion criteria. It is well recognized 
that IL 6 has played a significant role in the cardiovascular 
atherosclerosis, hyperlipidemia, and elevated blood pressure.

Furthermore, it is a strong activator of hepatic‑reactive protein 
so the increased risk of ischemic attack in PCOS women is 
related to high level of IL6.[31] The mean TNF alpha level 
in PCOS women in this study was 31.9  ±  67.1  pg/ml and 
in normal control group was 10.7 ± 23.8 pg/ml, so there is 
statistical significant differences between polycystic ovaries 
ladies and healthy normal women (P < 0.05) and this result 
was in agreement with several authors.[3,17,32] In the present 
study, it was found that the difference in the level of TNF 
alpha between polycystic ovaries obese women and polycystic 
ovaries lean women is not significant  (P  >  0.05), and this 
finding was in agreement with Escobar‑Morreale et al.[8] who 
found that the difference in level of TNF alpha between obese 
polycystic ovaries ladies and lean polycystic ovaries women is 
not significant and also agreed with Agacayak et al.[3]

TNF alpha is produced by a several cell types such as 
macrophages, lymphocytes, adipocytes, cardiac muscle, and 
fibroblasts, and it is produced in response to different stimulus 
and pathogen that lead to elevate its level,[33] so the similarity in 
its level in both obese PCOS women and lean PCOS group may 
be related to difficulty in excluding all factors that stimulate 
TNF alpha production in both groups. The elevation of these 
inflammatory markers (IL6, IL18, and TNF) in polycystic 
women are signals for alteration of immune function in 
polycystic women, and this may help in identification of 
individuals with increased risk of cardiovascular disease and 
metabolic syndrome and also help in prevention of this disease. 
This may give a hint on the use of anti inflammatory agent to 
reduce these markers and prevent complications.
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Conclusion

The level of IL6, IL18, and TNF alpha were highly statistically 
significant in PCOS comparing to normal women, and 
these high levels were related to PCOS independent on the 
presence of obesity or hyperandrogenism, and there is a 
positive correlation between IL6, IL18, and TNF alpha and a 
negative correlation between these markers and obesity and 
hyperandrogenism.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Keith E. Dewhurst’s Textbook of Obstetrics and Gynaecology. London: 

Wiley Blackwell Science; 2012. p. 513‑21.
2.	 Sirmans KA, Susan M. Epidemiology, diagnosis, and management of 

polycystic ovary syndrome. Clin Epidemiol 2014;6:1‑13.
3.	 Agacayak  E, Tunc  SY, Sak  S, Basaranoglu  S, Yüksel H, Turgut  A, 

et al. Levels of neopterin and other inflammatory markers in obese and 
non‑obese patients with polycystic ovary syndrome. Med Sci Monit 
2015;21:2446‑55.

4.	 Barcellos  CR, Rocha  MP, Hayashida  SA, Dantas  WS, 
Dos Reis Vieira Yance  V, Marcondes  JA, et  al. Obesity, but not 
polycystic ovary syndrome, affects circulating markers of low‑grade 
inflammation in young women without major cardiovascular risk 
factors. Hormones (Athens) 2015;14:251‑7.

5.	 Esposito K, Nappo F, Giugliano F, Di Palo C, Ciotola M, Barbieri M, 
et  al. Cytokine milieu tends toward inflammation in type  2 diabetes. 
Diabetes Care 2003;26:1647.

6.	 Thorand B, Kolb H, Baumert J, Koenig W, Chambless L, Meisinger C, 
et  al. Elevated levels of interleukin‑18 predict the development of 
type  2 diabetes: Results from the MONICA/KORA Augsburg study, 
1984‑2002. Diabetes 2005;54:2932‑8.

7.	 Villuendas G, San Millán JL, Sancho J, Escobar‑Morreale HF. The ‑597 
G3A and  ‑1743 C polymorphisms in the promoter of the IL‑6 gene 
are associated with hyperandrogenism. J  Clin Endocrinol Metab 
2002;87:1134‑41.

8.	 Escobar‑Morreale HF, Calvo RM, Villuendas G, Sancho J, San Millán JL. 
Association of polymorphisms in the interleukin 6 receptor complex 
with obesity and hyperandrogenism. Obes Res 2003;11:987‑96.

9.	 Sheehan MT. Polycystic ovarian syndrome: Diagnosis and management. 
Clin Med Res 2004;2:13‑27.

10.	 Pasco  JA, Holloway  KL, Dobbins AG, Kotowicz  MA, Williams  LJ, 
Brennan  SL, et  al. Body mass index and measures of body fat for 
defining obesity and underweight: A cross‑sectional, population‑based 
study. BMC Obes 2014;1:9.

11.	 BMI Classification, Global Database on Body Mass Index. World 
Health Organization; 2016. Available from: www.who.int.bmi [Last 
retrieved on 2017 Dec 24].

12.	 Mathieu P, Pibarot P, Larose E, Poirier P, Marette A, Després JP, et al. 
Visceral obesity and the heart. Int J Biochem Cell Biol 2008;40:821‑36.

13.	 Escobar‑Morreale  HF, Botella‑Carretero  JI, Villuendas  G, Sancho  J, 
San Millán JL. Serum interleukin‑18 concentrations are increased in 
the polycystic ovary syndrome: Relationship to insulin resistance and to 
obesity. J Clin Endocrinol Metab 2004;89:806‑11.

14.	 Khan  D, Ansar Ahmed  S. The immune system is a natural target for 
estrogen action: Opposing effects of estrogen in two prototypical 
autoimmune diseases. Front Immunol 2015;6:635.

15.	 Petríková J, Lazúrová I, Yehuda  S. Polycystic ovary syndrome and 
autoimmunity. Eur J Intern Med 2010;21:369‑71.

16.	 Angstwurm MW, Gärtner R, Ziegler‑Heitbrock HW. Cyclic plasma IL‑6 
levels during normal menstrual cycle. Cytokine 1997;9:370‑4.

17.	 Mehde AA. Study of several biochemical features in sera of patients 
with polycystic ovaries and compared with the control group. Aust J 
Basic Appl Sci 2014;8:620‑7.

18.	 El Mekkawi SF, Amr S, Ghada M, Amal A, Ashraf M, Khadiga S. Effect 
of metformin therapy on serum interleukin‑6 and interleukin‑18 levels 
in patients with polycystic ovary syndrome. Nat Sci 2010;9:23‑6.

19.	 Alteia  AY, Saleh  EM, Abdullah  TN, Almusawy  Z. Level of some 
proinflammatory cytokines in obese women with polycystic ovary 
syndrome after metformine therapy. KCMJ 2013;9:45‑8.

20.	 Bronstein J, Tawdekar S, Liu Y, Pawelczak M, David R, Shah B, et al. 
Age of onset of polycystic ovarian syndrome in girls may be earlier than 
previously thought. J Pediatr Adolesc Gynecol 2011;24:15‑20.

21.	 Yang Y, Qiao J, Li R, Li MZ. Is interleukin‑18 associated with polycystic 
ovary syndrome. Reprod Biol Endocrinol 2011;9:7.

22.	 Solomon  CG. The epidemiology of polycystic ovary syndrome 
prevalence and associated disease risks, endocrinology and metabolism 
clinics of cohort study. J Womens Health 1999;24:299‑307.

23.	 Solomon  CG, Hu  FB, Dunaif  A, Rich‑Edwards  JE, Stampfer  MJ, 
Willett  WC, et  al. Menstrual cycle irregularity and risk for future 
cardiovascular disease. J Clin Endocrinol Metab 2002;87:2013‑7.

24.	 Joham AE, Teede HJ, Ranasinha S, Zoungas S, Boyle J. Prevalence of 
infertility and use of fertility treatment in women with polycystic ovary 
syndrome: Data from a large community‑based cohort study. J Womens 
Health (Larchmt) 2015;24:299‑307.

25.	 Yamagami H, Kitagawa K, Hoshi T, Furukado S, Hougaku H, Nagai Y, 
et  al. Associations of serum IL‑18 levels with carotid intima‑media 
thickness. Arterioscler Thromb Vasc Biol 2005;25:1458‑62.

26.	 Mallat Z, Corbaz A, Scoazec A, Besnard S, Lesèche G, Chvatchko Y, 
et al. Expression of interleukin‑18 in human atherosclerotic plaques and 
relation to plaque instability. Circulation 2001;104:1598‑603.

27.	 Guzick  DS, Talbott  EO, Sutton‑Tyrrell  K, Herzog  HC, Kuller  LH, 
Wolfson SK Jr., et al. Carotid atherosclerosis in women with polycystic 
ovary syndrome: Initial results from a case‑control study. Am J Obstet 
Gynecol 1996;174:1224‑9.

28.	 Kaya C, Pabuçcu R, Koca C, Oğuz AK, Erkan AF, Korkmaz A, et al. 
Relationship between interleukin‑6 levels and ambulatory blood 
pressure in women with polycystic ovary syndrome. Fertil Steril 
2010;94:1437‑43.

29.	 Al‑Hadithi  HS, Al‑Derzi  AR. The proinflammatory IL6 and 
serum glucose in polycystic ovary syndrome. J  Fac Med Baghdad 
2013;55:149‑51.

30.	 Fulghesu AM, Sanna  F, Uda  S, Magnini  R, Portoghese  E, Batetta  B, 
et al. IL‑6 serum levels and production is related to an altered immune 
response in polycystic ovary syndrome girls with insulin resistance. 
Mediators Inflamm 2011;2011:389317.

31.	 Abeywardena  MY, Leifert  WR, Warnes  KE, Varghese  JN, 
Head  RJ. Cardiovascular biology of interleukin‑6. Curr Pharm Des 
2009;15:1809‑21.

32.	 Kume T, Calan M, Yilmaz O, Kocabas GU, Yesil P, Temur M, et  al. 
A  possible connection between tumor necrosis factor alpha and 
Adropin levels in polycystic ovary syndrome. J  Endocrinol Invest 
2016;39:747‑54.

33.	 Walsh LJ, Trinchieri G, Waldorf HA, Whitaker D, Murphy GF. Human 
dermal mast cells contain and release tumor necrosis factor alpha, which 
induces endothelial leukocyte adhesion molecule 1. Proc Natl Acad Sci 
U S A 1991;88:4220‑4.


