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Background: Polycystic ovary syndrome (PCOS) is one of the most common endocrine 
disorders with an inflammatory basis. It is associated with hyperandrogenism in women 
and can be also associated with increased activity of the renin-angiotensin system (RAS). 
Approximately 5% to 10% of women of reproductive age are affected by this disease. This 
syndrome is the main cause of infertility. Blood pressure may be one of the complications 
of the syndrome.
Objectives: In this study, we sought to assess the role of the IL-17 inflammatory cytokine in 
increasing blood pressure in patients with PCOS.
Patients and Methods: In this cross-sectional study, after obtaining informed consent, we 
evaluated 85 patients with PCOS. IL-17 serum level was measured after separating the 
serum via ELISA method. The results obtained for the two groups of patients with high 
blood pressure and normal blood pressure were compared with each other.
Results: The daytime blood pressure was abnormal in eight patients, while it was normal 
in 72 patients. The blood pressure during the day had a direct correlation with the IL-17 
serum level; as a result, the mean IL-17 serum level in patients with high blood pressure 
was 77.10 ± 17.94 ρg/ml while in those with normal blood pressure it was 55.20 ± 13.71 ρg/
ml (P = 0.001). High blood pressure during the night also showed a direct relation with the 
IL-17 serum level (P = 0.001). In addition, increasing of ambulatory 24-hourblood pressure 
was significantly related with IL-17 serum level, in such a way that the IL-17 serum level 
of people with high blood pressure rose by almost 22 ρg/ml during 24 hours (P = 0.001).
Conclusions: Our results showed an association between PCO syndrome and inflammatory 
factors. The IL-17 serum level was directly associated with the increase in blood pressure.

ABSTRACT

1. Background
Polycystic ovary syndrome (PCOS) is one of  the most 
common endocrine disorders which is associated with 
increased activity of  the renin-angiotensin system 
(RAS) and hyperandrogenism in women. Approx-
imately 5% to 10% of  women of  reproductive age 
(12-45 years old) are affected by this disease. This syn-

drome is considered to be one of  the main causes of 
infertility (1-4). The results of  previous studies indi-
cate that at least 75% of  patients with PCOS have the 
symptoms of  insulin resistance syndrome (IRS) (5). 
All the patients with PCOS do not have all the abnor-
malities and clinical syndromes of  IRS; however the 
risk of  insulin resistance in PCOS patients is high. As a 
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result, it is necessary to study the relationship between 
these two complications. The need for studying this 
issue is more highlighted when we bear in mind that 
every IRS symptom is a risk factor for cerebrovascular 
accident (6). According to the American College of 
Endocrinology, the high blood pressure over 130/85 
mm Hg is one of  the indicators of  IRS (7). Overall, 
the incidence of  hypertension in patients with PCOS 
is higher than those of  the same age without the dis-
ease (8-10). According to the results of  a study, am-
bulatory (24-hour) blood pressure monitoring showed 
high systolic blood pressure during the day, even after 
the change in body mass index (BMI). It also showed 
higher levels of  insulin sensitivity and body fat distri-
bution, compared to healthy subjects (11). Due to the 
presence or potential risk of  cardiovascular accident, 
patients with PCOS should be monitored for blood 
pressure control (7). In fact, blood pressure is the 
most important modifiable risk factor which can lead 
to morbidity and mortality in cardiovascular, cerebro-
vascular, and renal diseases worldwide (12).
There are strong evidence on the role of  androgens 
in the development of  hypertension in patients with 
PCOS (13). The mechanism of  this effect is unknown, 
however it has been shown that the control of  RAS in 
female animal subjects, whose ovaries are removed, 
can prevent androgen supplements to increase blood 
pressure. Such data indicate that RAS components 
play a role in the increase of  blood pressure caused 
by androgens (14). Probably, androgens can increase 
blood pressure in patients with PCOS via increasing 
the expression of  RAS components (15).
The clinical condition of  hypertensive-associated 
vascular disease is an inflammatory process, in which 
chronic inflammation plays a key role in the patho-
physiology of  hypertension (16). This inflammatory 
process involves a series of  interactions between in-
flammatory cells and cytokines; in addition, the reac-
tive oxygen species (ROS) and RAS together with in-
creased local production of  angiotensin II (AngII) play 
a major role in this process (17). It has been reported 
that AngII, as a major mediator of  oxidative stress, 
increases vascular smooth muscle tone. The presence 
of  AngII in vascular smooth muscle cells and endo-
thelium of  hypertensive patients, not only increases 
the expression of  chemokine MCP-1, IL-6, and IL-8, 
but also activates NFκB which is an important tran-
scription factor in the inflammatory process; it also 
activates endothelin-1 (ET-1) which is an important 
mediator in chronic inflammatory vascular processes. 
AngII also causes diapedesis (leukocyte extravasation) 
in inflammatory cells. It also increases the TGF-β 
signaling which is one of  the main factors involved 

in the pathogenesis of  cardiovascular disorders, in-
cluding hypertension (18). Based on the findings of 
clinical and laboratory studies, other components of 
the RAS, including aldosterone and/or mineralocor-
ticoid receptor (MR) can also lead to oxidative stress 
and vascular inflammation (19); as a consequence, the 
administration of  aldosterone and MR stimulants in-
crease the serum level of  IL-6 and IL-12 (20).
Nowadays, there are many evidences suggesting the 
role of  IL-17 in inflammation of  tissues. IL-17 acts 
via the induced release of  pro-inflammatory cytokines 
and other cytokines which stimulate neutrophils (21). 
IL-17 cytokine, as the main cytokine secreted by the 
Th17 cells, increases the activity of  T cells and induces 
endothelial secretion of  several pro-inflammatory me-
diators, including IL-1, IL-6, tumor necrosis factor-α 
(TNF-α), NOS-2, metalloproteinase, and chemokines; 
as a consequence, it enhances endothelial inflamma-
tion (21,22). In addition, IL-17 causes hypertension 
and vascular dysfunction induced by AngII and it 
can be considered as a target for treatment of  this 
disease (23).
Since at least three different main pathways (Th1 / 
IL-12 / INF-γ, Th2 / IL-4-IL-5 / IL-13 and Th17/
IL-17) are involved in the inflammatory responses, 
the identification of  the major immunological path-
way responsible for the development of  any kind of 
inflammatory disease can play a potential important 
role in the treatment of  the disease. Hence, any med-
ical and therapeutic measure aimed to inhibit IL-17 
cytokine can greatly help to treat various inflammato-
ry responses (24). So far, numerous studies have been 
conducted to determine the effect of  different inflam-
matory cytokines on patients with PCOS. For exam-
ple, in the study by Kaya et al in 2010, they tried to 
determine the relationship between the levels of  IL-6 
and C-reactive protein (CRP) inflammatory markers 
and fibrinogen and nitric oxide and ambulatory blood 
pressure in patients with PCOS. The results showed 
that the increased levels of  IL-6 were likely associated 
with 24-hour systolic and diastolic blood pressure in 
the studied patients (25).
According to the mentioned above findings, it is logical 
to assume that the activation of  Th17/IL-17 pathway 
is at least one of  the factors causing the inflammatory 
process in Hypertensive-associated vascular disease in 
patients with PCOS. It probably acts through stimu-
lating the RAS. As a result, given the need to control 
hypertension in patients with PCOS (6), the control of 
IL-17 can be a valuable treatment target in this case. 

2. Objectives
To confirm the above mentioned hypothesis, in this 
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study we tried to investigate the possible association 
between increased IL-17 serum level and 24-hour 
blood pressure in patients. Compared with the con-
ventional measurement methods, the 24-hourambula-
tory measurement provides more reliable and accurate 
data about blood pressure, especially in individuals 
with hypertension (25). This study aimed to further 
investigate the immunopathogenic aspects of  hyper-
tension in patients with PCOS to facilitate the identi-
fication of  treatment goals.

3. Patients and Methods 
3.1. Study patients
In this cross-sectional study, after obtaining an in-
formed consent, 85 patients with PCOS were enrolled 
to the study. Based on the inclusion criteria, patients 
with PCOS must meet at least two out of  the three 
following criteria;
A) Polycystic ovary confirmed by ultrasound
B) Oligomenorrhea (cycle over 35 days, or amenor-
rhea, the absence of  menstruation for three consec-
utive months)
C) Clinical hyperandrogenism (hirsutism with modi-
fied Ferriman-Gallwey score=5, or hyperandrogene-
mia when level of  prolactin, TSH, 17-hydroxyproges-
terone were normal and there is no androgen secret-
ing tumor).
Exclusion criteria were the followings; hypothyroid-
ism, hyperprolactinemia, androgen secreting tumor, 
non-classic adrenal 21-hydroxylase deficiency, chron-
ic kidney injury, congestive heart disease, confirmed 
diabetes mellitus, chronic hypertension, acute illness, 
all autoimmune and non-autoimmune inflammatory 
diseases, different types of  cancer, and patients’ un-
willingness to continue participation in the study.

3.2. Assessments
For all the studied subjects; BMI and levels of  fast-
ing blood sugar (FBS), thyroid stimulating hormone 
(TSH), prolactin, follicle-stimulating hormone (FSH), 
luteinizing hormone (LH), dehydroepiandroste-
rone sulfate (DHEAS), triglyceride (TG), choles-
terol, low-density lipoprotein-cholesterol (LDL-C), 
high-density lipoprotein-cholesterol (HDL-C), CRP, 
insulin, free testosterone, and 17-hydroxyprogester-
one were measured. The 24-hour ambulatory blood 
pressure monitoring was performed by every patient 
at regular time intervals via using a mobile device. 
Blood pressure was measured during the day and at 
night separately. A blood pressure over 125/75 mm 
Hg during the night and over 140/90 mm Hg during 
the day and an overall blood pressure over 135/85 
mm Hg were considered abnormal. When a patients’ 

blood pressure was 15% above the normal values, the 
condition was considered as abnormal. In addition, 
when a patient’s blood pressure over the night did not 
lower by 15% relative to the day time blood pressure, 
the condition was also considered as abnormal.
IL-17 serum level was measured after separating the 
serum via ELISA method and using USCN kit made 
in the United Kingdom with a catalog number of 
E90384Hu and Lot number of  L120605095.
After collecting the data, the results obtained for the 
two groups of  patients with high and normal blood 
pressure were compared with each other. First, the 
statistical indicators of  IL-17 serum level, blood pres-
sure, and demographic factors (BMI, age) were calcu-
lated. 

3.3. Ethical issues
1) The research followed the tenets of  the Declaration 
of  Helsinki; 2) informed consent was obtained, and 
they were free to leave the study at any time and 3) 
the research was approved by the ethical committee of 
Kashan University of  Medical Sciences.

3.4. Statistical analysis
Pearson’s correlation coefficient or Spearman’s test 
were used to assess the correlation between systolic 
and diastolic blood pressure and the mentioned fac-
tors. In addition, multiple regression analysis was con-
ducted to examine the association between IL-17se-
rum level and blood pressure; it was also used to ad-
just for potential confounding variables such as age 
and BMI.

4. Results 
A total of  85 patients were enrolled in the study. The 
mean age of  the patients was 26.31 ± 4.1 years, rang-
ing from of  17 to 39 years. The mean IL-17 serum 
level was 57.3 ± 15.6 ρg/ml. The data of  patients il-
lustrated in tables 1 to 3.
The mean BMI in the studied subjects was 27.65 ± 
5.05 kg/m2 which was higher than the normal range. 
However, this index did not show a significant rela-
tionship with IL-17 serum level (P = 0.05). On the 
other hand, the FBS levels in the studied patients was 
88.48 ± 19.14 mg/dl, which did not show a significant 
relationship with IL-17 serum level (P = 0.25). Around 
16 patients had high insulin levels; however, this hor-
mone did not show a significant relationship with IL-
17 serum level (P = 0.21) (Table 1).
The daytime blood pressure was high in eight patients 
while it was normal in 72 patients. The daytime blood 
pressure value was associated with IL-17 serum lev-
els. There was an increase in daytime blood pressure 
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which was correlated with increasing the IL-17 serum 
levels. The results showed that, the mean IL-17 serum 
level in patients with high blood pressure was 77.10 
± 17.94 ρg/ml while in those with normal blood 
pressure it was 55.20 ± 13.71 ρg/ml, which showed 
a statistically significant increase (P = 0.001) (Table 2). 
Moreover, nighttime blood pressure showed a signifi-
cant relationship with IL-17 serum levels. According-
ly, with an increase in blood pressure, the IL-17 se-
rum level was also increased (P = 0.001). In addition, 
the increase in ambulatory 24-hour blood pressure 
was significantly related with IL-17 serum levels. Our 
study showed that, IL-17 serum level of  people with 
high blood pressure rose by almost 22 ρg/ml during 
24 hours (P = 0.001). 

According to the results, BMI was 31.56 ± 4.69 kg/m2 
in people with high ambulatory blood pressure while 
it was 27.10 ± 4.69 kg/m2 in those with normal ambu-
latory blood pressure. With an increase in blood pres-
sure level, BMI was increased too (P = 0.009) (Table 3).

5. Discussion
The mean IL-17 serum level in the studied patients 
was 57.33 ± 15.6 ρg/ml. The BMI of  the patients was 
also high which was in an agreement with the results 
of  a study by Elting et al in 2001 (26). On the oth-
er hand, the BMI of  the patients was associated with 
IL-17 serum levels. While, with increasing the BMI, 
the IL-17 serum level increased too. However, the 
observed relationship was not statistically significant. 
This finding, i.e. the simultaneous increase in BMI and 
an inflammatory cytokine, is in accordance with the Table 1. Mean ± SD of  variables and their association with serum 

levels IL-17 in patients with PCOS

Variables Mean ± SD P value
IL-17 (ρg/ml) 57.33 ± 15.60 -
BMI (kg/m2) 27.65 ± 5.5 0.05

Age (years) 26.31 ± 4.10 0.57

FBS (mg/dl) 88.48 ± 19.14 0.25

TSH (micIU/ml) 2.41 ± 1.41 0.27

PRL (ng/ml) 56.8 ± 124 0.75

FSH (mIU/ml) 4.59 ± 6.26 0.25

LH (mIU/ml) 7.5 ± 3.39 0.2

DHEASO4 (µg/ml) 2.64 ± 3.13 0.24

TG (mg/dl) 43.03 ± 1.41 0.7

Cholesterol (mg/dl) 27. 23  ± 1.60 0.83

Fasting insulin (µIU/ml) 8.6 ± 7. 29 0.21

FT (ng/ml) 2.49 ± 7. 27 0.27

HP17 (ng/dl) 1.3 ± 0.91 0.49

LDL (mg/dl) 99.23 ± 26. 25 0.97

HDL (mg/dl) 46.88 ± 1. 9 0.73
LDL/HDL ratio 2.2 ± 0.66 0.63

Table 2. Comparison of  ambulatory blood pressure monitoring 
changes in various conditions with serum IL-17 levels in patients 
with PCOS

Blood pressure (mm Hg) Mean ± SD P value

Daytime blood pressure
77.10 ± 17.94

0.001
55.20 ± 13.71

Nighttime blood pressure
74.23 ± 15.53

0.001
53.82 ± 13.07

Ambulatory 24-hour blood pressure
76.78 ± 14.31

0.001
54.96 ± 13.94

More than 15% reduction of  blood 
pressure over the night compared 
with the day

57.04 ± 16.84
0.94

57.37 ± 15.54

Table 3. Association of  association of  various variables with 
ambulatory blood pressure monitoring in patients with PCOS

Variables Ambulatory blood pressure
Mean ± SD P value

BMI (kg/m2)
27.1 ± 4.69

0.009
31.56 ± 4.69

Age (Years)
26.35 ± 4.27

0.55
27.22 ± 2.63

FBS (mg/dL)
88.19 ± 8.78

0.8
89 ± 12.51

TSH (micIU/ml)
2.52 ± 1.34

0.09
1.73 ± 1.25

PRL (ng/ml)
63.6 ± 134.47

0.33
19.51 ± 12.54

FSH (mIU/ml)
4.86 ± 6.81

0.42
3.04 ± 0.67

LH (mIU/ml)
7.71 ± 3.58

0.12
5.79 ± 1.92

DHEASO4 (µg/ml)
2.6 ± 3.6

0.55
3.27 ± 4.35

TG (mg/dl) 
46.1 ± 1.4 

0.73
22.59 ± 1.46

Cholesterol (mg/dl)
27.54 ± 1.6

0.93
28.77 ± 1.56

Ins (µIU/ml)
8.23 ± 7.59

0.9
7.9 ± 6.39

FT (ng/ml)
2.59 ± 3.35

0.76
2.23 ± 3.69

HP17 (ng/dl)
1.01 ± 0.8

0.28
1.36 ± 1.69

HDL (mg/dl)
47.15 ± 1.13

0.6
45 ± 12.9
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findings of  Yang et al (27) in 2011. They showed that, 
IL-18 serum levels was higher in overweight patients. 
In their study, IL-18 serum level had a direct posi-
tive relationship with BMI, testosterone, and insulin 
resistance (27). Taking into consideration the inflam-
matory cytokines, the results of  a study Wu et al in 
2007 regarding TNF-α inflammatory cytokines is in 
agreement with our results, while their findings about 
IL-6 inflammatory cytokine is inconsistent with our 
results. In their study, high BMI had a significant re-
lationship with increased TNF-α and decreased level 
of  IL-6 in the follicle cells (28). Likewise, in the study 
conducted by Knebel et al, IL-8 and IL-17 did not 
change in patients, but other cytokines such as IL-1B, 
IL-6, and TNF-α increased. It was also found that the 
level of  IL-17 cytokine was decreased in cases, com-
pared with obese people in the control group (29). 
Although several studies have shown an increase in 
inflammatory markers in patients with PCOS, but it 
is not clear whether the increase of  immune cells and 
molecules is associated with diseases or is due to obe-
sity and high BMI.
Another important finding in our study was no signif-
icant association of  FBS and insulin levels in patients 
with PCOS with levels of  IL-17. Although insulin lev-
el had increased to some extent, but this increase was 
not associated with IL-17. Considering other inflam-
matory cytokines, our results was contradictory with 
the results of  some other studies. For example, some 
studies have shown that IL-18 cytokine is closely as-
sociated with insulin resistance and metabolic syn-
drome, including high blood pressure, hyperlipidemia, 
diabetes mellitus, obesity, and hypertension (30,31). 
Moreover, other studies have also shown that an in-
crease in leukocytes in women with PCOS is closely 
associated with insulin resistance through homeosta-
sis model (32-34).
In our study, serum TSH level was normal in all the 
studied patients and we did not observe any increase 
or decrease in thyroid function. In addition, prolactine 
and FSH levels were normal in all the patients and 
they did not have any significant relationship with IL-
17 serum level. In our study, LH levels increased only 
in three patients and its relationship with serum IL-17 
was not significant. Considering other inflammatory 
cytokines, our results are inconsistent the results of 
a study by González et al in 2010. They showed that 
the macrophage migration inhibitory factor (MIF) 
chemokine macrophage in patients was significantly 
higher than that in the control group and its level was 
directly associated with the trunk obesity, CRP, LH, 
testosterone, and androstenedione (35). In addition, 
other studies have shown that, compared with normal 

healthy people, women with PCOS have lower levels 
of  the FSH and SHBG (sex hormone binding globu-
lin) and high density lipoprotein (36-39).
In this study, the levels TG and cholesterol were high 
in five patients. There was no significant relationship 
between IL-17 serum level and TG-C, cholesterol, 
LDL-C, and HDL-C levels. This finding is incon-
sistent with the results of  a study by González et al. 
They showed that the IL-6, sICAM-1, CRP, PAI-1, 
systolic and diastolic blood pressure, TGs, fasting in-
sulin, and insulin resistance (HOMA-IR) levels were 
higher in patients with PCOS than in the controls. 
MCP-1 chemokine was associated with NFκB activa-
tion, hyperglycemia, and increased androstenedione. 
In addition, the levels of  sICAM-1, IL-6, and CRP 
were higher in patients with PCOS who were obese 
(40). In addition, other studies have shown that, com-
pared with healthy individuals, patients with PCOS 
have higher levels of  testosterone, insulin, cholester-
ol, TG, and luteinizing (36-39).
In this study, we found that the ambulatory 24-hour 
blood pressure during the day and night had a signif-
icant relationship with IL-17, hence, the IL-17 level 
was higher in patients with high blood pressure. This 
finding is in line with the results of  a study by Kaya 
et al in 2010. In this study, we aimed to determine the 
relationship between IL-6, CRP, fibrinogen, and nitric 
oxide levels and ambulatory blood pressure in wom-
en with PCOS. The results showed that the increased 
levels of  IL-6 were probably associated with 24-hour 
systolic and diastolic blood pressure of  the patients. 
The study showed that the level of  IL-6 in patients 
with high blood pressure was higher while the level 
of  NO was lower (25). It is possible that, IL-17 cyto-
kine as the major cytokine secreted from Th17 cells 
increased the activity of  T cells and induced endothe-
lial secretion of  several pro-inflammatory mediators, 
including IL-1, IL-6, TNF-α, NOS-2, metalloprotein-
ase, and chemokine, and thus enhanced endothelial 
inflammation (21,22). On the other hand it has been 
detected that levels of  IL-6 in patients with hyperten-
sion with no history of  systemic disease is higher and 
has a direct relationship with proportion of  blood 
pressure (25,41-45). In addition, recent studies have 
also shown that increased CRP levels are associated 
with increased systolic and diastolic blood pressure 
(45-48). Given that IL-6 increases the CRP levels, 
IL-6 is also likely to act similarly and cause hyper-
tension in patients with PCOS (43,49,50). Moreover, 
IL-17 causes hypertension and vascular dysfunction 
induced by AngII (23). Perhaps these two pathways 
are the main cause of  a positive direct relationship 
between the IL-17 serum level and increased levels of 
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blood pressure. According to the results of  our study, 
there was no significant relationship between IL-17 
serum level and lack of  reduction in blood pressure 
over the night, compared with the day. This finding 
perhaps reflects the fact that the decreased blood 
pressure observed among other patients is likely due 
to other environmental factors, such as getting relaxed 
at night and staying away from environmental stress. 
In other words, the lack of  reduction in blood pres-
sure is not necessarily rooted in the basic inflammato-
ry conditions of  the patients.
Our study showed that the ambulatory blood pressure 
had a direct relationship with BMI, while an increase 
in BMI, blood pressure increased too. The results of 
this study are consistent with the results of  a study 
by Elting et al which was conducted on women with 
PCOS. The mentioned study showed that blood pres-
sure of  the patients was significantly higher than the 
control group. On the other hand, the studied patients 
had significantly higher levels of  BMI and weight 
gain (26).
In our study, insulin level in patients with high blood 
pressure was lower than that in patients with lower 
blood pressure. However, the difference was not sig-
nificant. This result is inconsistent with the results of 
a study by Bentley-Lewis et al (51) that examined the 
increase in insulin resistance (as a factor rising blood 
pressure) compared with the increase of  androgens 
in women with PCOS who were treated with con-
traceptives and metformin (used to increase insulin 
sensitivity). The mentioned study showed that the 
mean systolic and diastolic blood pressure were high 
in this group of  patients however they had a sharp 
decline after taking metformin (51). The relationship 
between systemic hypertension and PCOS is not fully 
explained (52) but insulin resistance and hyperinsu-
linemia are among the predictors of  hypertension in 
women with PCOS (53). So far, no study has shown a 
direct relationship between blood pressure and insu-
lin resistance parameters. Despite the fact that insu-
lin resistance is a prognostic factor for hypertension 
in these patients, the relationship between different 
levels of  blood pressure in patients with PCOS and 
various heart risk factors has not become clear yet. In 
addition, there are few studies which have investigated 
the blood pressure in PCOS patients based on mean 
arterial pressure (MAP) (54, 55). It is possible that, 
various mechanisms such as inflammatory reactions, 
hyperandrogenism, angiotensin-aldosterone system, 
and sympathetic system are interacted (51-58).

6. Conclusions
Considering the significant association between blood 

pressure level and IL-17 pro-inflammatory cytokine 
secreted from Th17 cells, it can be concluded that 
metabolic syndrome, which is a major cause of  mor-
tality and morbidity in patients with PCO, is under 
the influence of  inflammatory factors. Therefore, 
the increased level of  such factors can enhance the 
related complications in the patients. Therefore, con-
trol of  inflammation and prevention of  autoimmune 
processes by treatmental modalities and also the inter-
ruption of  inflammatory cascade can affect both the 
disease and its complications.

Limitations of  the study
Small proportion of  the patients was a limitation 
of  our study. It is recommended to conduct further 
studies to determine the factors which interfere with 
or are associated with the immune system and other 
inflammatory pathways such as Th22 pathway. It is 
also recommended to study the protective factors and 
methods used to prevent the onset or exacerbation of 
inflammatory processes.
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