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Abstract. – OBJECTIVE: We examined the fol-
licular fluid (FF) and serum levels of irisin in high
and poor responders undergoing IVF/ICSI to test
whether irisin has a role in the metabolic regula-
tion of energy homeostasis in growing follicle.

PATIENTS AND METHODS: Twenty infertile
women with PCOS and 20 poor responder par-
ticipants undergoing controlled ovarian stimula-
tion (COS) with GnRH antagonist protocol for
IVF/ICSI treatment were allocated. Blood was ob-
tained at the time of oocyte retrieval. The follicu-
lar fluid content of mature follicles was collected
from both high and poor responder women.
Irisin levels were measured by using EIA.

RESULTS: There was no significant difference
between serum and FF-irisin levels in women
with PCOS. (11.18 ± 5.14 µg/mL vs. 11.06 ± 4.93
µg/mL, p < 0.96). In contrast, serum levels of
irisin in poor responders were significantly high-
er than in the FF-irisin levels (13.13 ± 4.27 µg/mL
vs. 10.09 ± 4.14 µg/mL, p < 0.01). FF-irisin levels
of PCOS subjects were positively and signifi-
cantly correlated with serum levels of irisin (r:
0.81, p < 0.00). Serum irisin was positively asso-
ciated with serum levels of total testosterone but
was negatively associated with HOMA-IR in the
overall patient population. FF-irisin levels were
also noted to be negatively correlated with
HOMA-IR. Although there is no correlation be-
tween serum irisin and AMH levels, FF irisin lev-
els were negatively correlated with serum AMH
levels in PCOS subjects. Contrary to PCOS
group there were no significant correlation be-
tween serum and FF-irisin levels in poor respon-
der group (r: 0.21; p < 0.35).

CONCLUSIONS: The present study is the first
attempt to explore the role of irisin in oocyte de-
velopment by measuring FF and serum levels of
this molecules in patients with poor and high re-
sponders undergoing IVF/ICSI.
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Introduction

Interference between muscle to other tissues
comes true via some messengers. Irisin is a new-
ly discovered muscle-derived brown adipose dif-
ferentiation factor which regulates energy expen-
diture in several tissues1. This molecule is encod-
ed by FNDC5 gene which encodes a type I mem-
brane protein that is processed to form of irisin
peptide1. Irisin is present in biological fluids of
human and increases with exercise2,3. Regular ex-
ercise leads to muscle cells to release irisin
which induces a thermogenic program and ener-
gy homeostasis in distant tissues including
ovary2,3. A recent comprehensive study conduct-
ed by Aydin et al3 demonstrated that irisin is lo-
cally produced by many human tissues and regu-
late metabolic energy regulation. It has also been
reported that irisin mediate the beneficial impacts
of exercise on metabolism through the activation
of uncoupling protein 1, PPAR coactivator-1 α,
and insulin in brown fat-tissue4,5. Studies demon-
strated that irisin metabolism is abnormal in pa-
tients with PCOS, type 2 diabetes, and gestation-
al diabetes mellitus6-8. Although many studies
have investigated the levels of irisin in the bio-
logical fluids its level in the follicular fluid (FF)
of infertile women has not been reported yet3,9.
To investigate whether irisin secretion is altered
in the biological fluids of infertile women under-
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going IVF/ICSI, we analyzed follicular fluid and
serum levels of irisin in high and poor responder
participants. Subsequently to establish a possible
relationship between measured irisin levels and
biochemical and anthropometric factors we com-
pared to all parameters with others.

Patients and Methods

Patients Selection
A total of 40 participants at the IVF center of

Istanbul Medipol University Hospital were re-
cruited for the present study. Among the patients,
20 were diagnosed with PCOS based on the re-
vised Rotterdam criteria which require two of the
following three manifestations: (1) oligo- and/or
anovulation, (2) clinical and/or biochemical hy-
perandrogenism, and (3) polycystic ovaries (10).
The ultrasound criteria used for diagnosis of
polycystic ovary were: presence of 12 or more
follicles in each ovary measuring 2-9 mm in di-
ameter, and/or increased ovarian volume (> 10
mL). The remaining 20 women met the following
inclusion criteria and were grouped as poor re-
sponder according to ESHRE consensus criteria.
A diagnosis of poor responder was established
when at least two of the following three features
were present: (1) Advanced maternal age (≥ 40
years) or any other risk factor for POR; (2) A
previous POR (≤ 3 oocytes with a conventional
stimulation protocol); (3) An abnormal ovarian
reserve test (i.e. AFC, 5-7 follicles or AMH, 0.5-
1.1 ng/ml).
Participants who consumed alcohol or took

medicines affecting glucose and lipid metabolism
during the 6 months before enrollment were ex-
cluded in order to avoid the interference of any
medication and irisin synthesis and secretion. In-
formed consents were obtained from all candi-
dates after the approval of the study by the local
investigation and ethics committee. A blood test
was performed on the 2nd-5th day of the proges-
terone withdrawal bleeding of PCOS participants
before the ovulation induction treatment. Blood
samples were also obtained from poor responders
on the day 3 of their menstrual cycle. Fasting
blood samples were subsequently assessed for
plasma glucose, insulin, estradiol, testosterone,
LH, and FSH using routine laboratory methods,
undertaken in the biochemistry laboratory at Is-
tanbul Medipol University Hospital.
Patient demographic data were documented,

including age and BMI. BMI (kg/m2) was calcu-
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lated as the ratio of the weight (kg) to the square
of the height (m2). For each participant, height
and weight were evaluated by standard methods.
We have used WHO guidelines to define normal
and overweight subjects based on their BMI. In-
sulin resistance was calculated using the home-
ostasis model assessment insulin resistance index
(HOMAIR)11 formula; HOMA-IR = Fasting
serum insulin (mU/mL) × Fasting plasma glu-
cose (mg/dL)/405.

Induction Protocol
Antagonist protocol was main treatment op-

tion used in both groups of participants. All
high and poor responder participants underwent
antagonist protocol as previously described12,13.
Shortly, PCOS women undergoing COS with
GnRH antagonist were daily injected with Go-
nal-F (Merck-Serono, Modugno, BA, Italy), a
recombinant human FSH (rhFSH), starting
from the 2nd-3th day of the menstrual cycle. The
initial rhFSH dose was individualized for each
patient according to basal FSH levels, antral
follicle count, body mass index, and previous
response to ovarian stimulation. Dose adjust-
ments were performed according to ovarian re-
sponse, which was monitored by transvaginal
scans and serum estradiol levels. GnRH antago-
nist, cetrotide (Merck-Serono, Halle, Germany)
was added daily subsequent to the leading folli-
cle reached a diameter of 14 mm and carried on
until and including the day of HCG injection.
Sequential transvaginal ultrasonography and
serum estradiol concentrations were measured
to monitor ovarian response. Oocyte maturation
was triggered 36 h before transvaginal oocyte
pick-up. Once steady rise in serum estradiol
levels was related with the lead follicle
achieved 18 mm in diameter or the lead two
were 17 mm or the lead three were 16 mm, pa-
tients were subcutaneously injected with re-
combinant human chorionic gonadotropin (r-
hCG, Ovitrelle, Merck-Serono, 250 mg, Mod-
ugno, BA, Italy). Ovarian follicles were aspirat-
ed using a single-lumen, 17-gauge needle
(Cook Medical, Bloomington, IN, USA) guided
by trans-vaginal ultrasonography. ICSI was
used for fertilization. Two to five days after
oocyte retrieval, the embryos were transferred
into uterine cavity under ultrasound guidance.
The luteal phase was supported progesterone
vaginally initiated on the day of oocyte pick-up
and continued until the 12th week of gestation
in cases where a pregnancy was achieved.
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PCOS (n:20) Poor responder (n:20) *p-value

Age 31.0 ± 3.68 35.3 ± 3.10 0.001
Body mass index (kg/m2) 27.3 ± 4.90 24.5 ± 4.96 0.078
Infertilityduration (yr) 6.80 ± 0.23 13.8 ± 1.4 0.000
Day 3 FSH (mU/ml) 5.82 ± 1.34 9.87 ± 5.17 0.045
Day 3 LH (mU/ml) 7.98 ± 5.47 6.00 ± 2.31 0.137
Day 3 E2 (pg/ml) 41.6 ± 29.9 51.8 ± 42.1 0.368
Total testosterone (ng/dl) 74.4 ±3.32 34.1 ±6.72 0.001
HOMA-IR 4.22 ± 3.40 2.12 ± 1.52 0.005
Fasting insulin (mU/ml) 19.1 ± 1.43 12.1 ± 1.13 0.006
Fasting glucose (mg/dl) 93.4 ± 3.41 87.9 ± 6.41 0.340
Initial dose of rhFSH (IU) 267.8 ± 63.3 351.4 ± 440.0 0.394
Total dose of rhFSH (IU) 2540.4 ± 848.2 2078.5 ± 932.8 0.101
Duration of rhFSH (day) 8.95 ± 1.11 8.38 ± 2.03 0.266
E2 on the day of HCG (pg/ml) 4153.9 ± 1835.7 332.2 ± 126.6 0.001
Total oocyte number 19.8 ± 1.90 3.43 ± 0.20 0.001
2 PN 10.9 ± 6.25 1.95 ± 0.80 0.001
Fertilization rate (%) 78 67 0.001
Embryo transfer number 1.90 ± 0.30 1.66 ± 0.48 0.062
Implantation rate (%) 40 22.8 0.001
Clinical pregnancy rate (%) 75 35 0.001

Table I. Demographic, biochemical, and clinical characteristics of high and poor responders.

Data are presented as mean ± SD, *p < 0.05 is accepted statistically significant.

Assessment of Serum and FF Irisin by EIA
Follicular fluid samples were collected dur-

ing oocyte retrieval from both high and poor re-
sponders women undergoing COS for IVF/ICSI
with GnRH antagonist protocol. Antecubital
vein blood was collected at the time of oocyte
retrieval for irisin measurement. All participants
should have normal blood pressure, be non-
smoker and not be taking any medication or in-
volved in intensive exercise. Women having fol-
licular fluid contaminated with blood during
oocyte retrieval, any medical disease or medica-
tion were excluded. After collecting the oocytes,
the remaining granulosa cells with fluid were
transferred into sterile tubes and centrifuged at
3000 × g for 10 min. Afterwards, the super-
natant was aspirated and collected as follicular
fluid and cell pellets were washed with PBS and
subsequently a red blood cell lysis buffer to
eliminate red blood cells. After centrifugation,
serum and FF samples were stored at -80°C be-
fore analyses. Both serum and follicular fluid
irisin levels were quantitatively determined by
using human enzyme immunoassay (EIA) ac-
cording to the manufacturer’s instructions (East-
biopharm, katalog no: CK-E90905, Torrance,
CA, USA). The minimum detection limit of
irisin was 0.05 µg/mL, the intra and interassay
coefficient of variation (CV) were < 10% and <
12%, respectively. Assay validation for FF and

serum was performed according to the previous-
ly published method14. Irisin concentrations
were measured with ChroMate, Microplate
Reader P4300 (Awareness Technology Instru-
ments, Palm City, FL, USA).

Statistical Analysis
The Statistical Package for Social Sciences,

version 21.0 (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. Individual group pa-
rameters were assessed with one-sample Kol-
mogorov-Smirnov Z test and were found to be
abnormally distributed. Hence, statistical com-
parisons between groups were performed by
nonparametric Paired t-test. Pearson correlation
analysis was used to assess relations between
serum and FF irisin levels, biochemical, hor-
monal, and demographic findings. Data are pre-
sented as mean±standard deviation (SD). For all
comparisons, statistical significance was de-
fined by p < 0.05.

Results

The demographic features, cycle characteris-
tics, and hormones of PCOS and poor responder
groups are presented in the Table I. The PCOS
patients were about 4 years younger than the
poor responder participants on average (p <
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0.001). Infertility duration of groups was found
to be significantly different. Although there was a
trend towards increased BMI in PCOS subjects,
BMI of both groups of patients was similar. Fast-
ing insulin levels, total testosterone, and HOMA-
IR were significantly higher in women with
PCOS compared to poor responder group. Serum
levels of estradiol, and circulating levels of LH
were similar in both groups of women. Day 3
basal FSH levels of poor responder group were
significantly higher than those in PCOS group (p
< 0.045).

ART Results
Although PCOS patients were treated with the

rhFSH at a lower prime dose duration of rhFSH
was similar to poor responder group. Likewise,
total amounts of rhFSH were given to the PCOS
and poor responder participants were found to be
similar (p < 0.101). Both the number of 2 PN
embryo and total oocyte were collected from the
PCOS group was significantly higher than those
in poor responder group (p < 0.001). The fertil-
ization, implantation, and clinical pregnancy
rates of PCOS group were significantly higher
than those in the poor responder group (p <
0.001). The E2 levels of PCOS subjects on the
day of HCG were significantly higher than those
in poor responder group (p < 0.001).

Serum and FF Irisin Levels in PCOS and
Poor responder Participants
We were able to collect a sufficient amount of

follicular fluid from both PCOS and poor re-
sponders participants. There were no significant
difference between serum and FF-irisin levels in
women with PCOS (11.18 ± 5.14 µg/mL vs.
11.06 ± 4.93 µg/mL, p < 0.96). Serum levels of
irisin in PCOS subjects were similar to serum
levels of poor responders (11.18 ± 5.14 µg/mL
vs. 13.13 ± 4.27, p < 0.19). Likewise, there were

no significant difference between PCOS and
poor responder groups in terms of FF irisin lev-
els (11.06 ± 4.93 µg/mL vs. 10.09 ± 4.14, p <
0.50). Pearson correlation analysis showed that
FF-irisin levels of PCOS subjects were positive-
ly and significantly correlated with serum levels
of irisin (r: 0.81, p < 0.00). While serum levels
of irisin was positively associated with the lev-
els of total testosterone, negatively associated
with HOMA-IR in PCOS patients. Both serum
and FF-irisin levels of PCOS women did not
correlate with BMI. The levels of FF-irisin were
also noted to be negatively correlated with
HOMA-IR. The correlation was not detected
between FF-irisin and serum androgen levels.
Although there is no correlation between serum
irisin and AMH levels, FF irisin levels were
negatively correlated with serum levels of AMH
in PCOS subjects. Significant negative correla-
tion was also noted between Day 3 LH and
serum irisin levels (Table II). Serum levels of
irisin in poor responders were significantly
higher than in the FF-irisin levels (13.13 ± 4.27
µg/mL vs. 10.09 ± 4.14 µg/mL, p < 0.01). In
contrast to PCOS group there were no signifi-
cant correlation between serum and FF-irisin
levels in poor responder group (r: 0.21; p <
0.35). Likewise, neither positive nor negative
correlation were detected between irisin levels
and hormonal and demographic parameters in
poor responder group.

Discussion

When reviewing the literature controversial re-
sults are obtained regarding irisin levels because
of the heterogeneity of women suffering from
metabolic disturbances. In terms PCOS, conflict-
ing results from various studies can be attributed
to the unsuitable patient selection and lack of

Serum irisin FF irisin

Independent variables r p r p

BMI -0.13 0.55 -0.43 0.056
AMH -0.03 0.89 -0.55 0.010
Day 3 LH -0.38 0.01 -0.18 0.254
HOMA-IR -0.41 0.01 -0.41 0.002
Testosterone 0.37 0.01 0.28 0.132
Serum irisin Not applicable Not applicable 0.81 0.001

Table II. Pearson correlation coefficients (r) between irisin levels and measured parameters in PCOS participants.
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precision in the description of the PCOS. In most
studies, PCOS patients with different BMI often
being included in the same study group. Addi-
tional controversial conclusions come from the
irisin detection method used in the studies since
the circulating irisin concentrations exhibits a
wide range2,3,14. The differences in the circulating
levels of irisin in different studies vary depend on
the kit used. Therefore, to evaluate the possible
effect of irisin on non-adipose tissues such as fol-
licular fluid is much more difficult than we ex-
pect. To avoid these handicaps, the inclusion of
patients in our study was restricted to infertile
patients with PCOS. To prove possible relations
between serum and FF-irisin appropriate controls
without disease is required. This was realized in
the current study where poor responder women
were used.
The present work is the first attempt to explore

the role of irisin on follicle development by mea-
suring FF and serum levels of this peptide in pa-
tients with PCOS and poor responders. We ana-
lyzed potential correlations between FF-irisin
and various demographic and laboratory parame-
ters. We have observed that irisin is present in de-
tectable levels in the FF of women having PCOS.
Irisin was also detectable by EIA method in both
serum and FF of poor responder women.
Poor responder patients had overtly decreased

FF irisin levels compared to serum levels of
irisin. In contrast, serum and FF levels of irisin
in PCOS women were similar. Positive correla-
tion was detected between FF-irisin and serum
irisin levels in PCOS women. Conversely, there
was no significant correlation between serum
and FF-irisin levels in poor responder women.
Insignificant differences between serum and FF-
irisin levels in PCOS subjects could represent
novel insight into the follicular development.
Balanced levels of serum and FF irisin could
suggest a compensatory mechanism in PCOS
subjects, with a metabolically compromised
state, as proposed previously for serum irisin8,15.
Furthermore, the presence of positive correlation
between serum and FF irisin levels suggests that
main source of irisin in FF is periphery. We do
not exactly know that whether the existence of
follicle-blood-barrier (FBB) regulating the trans-
port of irisin between the circulation and folli-
cle. It is most likely that due to increased vascu-
larity in the follicles of PCOS subjects FBB is
well established and might maintain local ther-
moregulation of follicle cells and oocyte during
physiological or stimulated cycles. Similar levels
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of serum irisin in PCOS and poor responder par-
ticipants suggest that irisin synthesis and secre-
tion from peripheral tissues have not changed in
high and poor responder participants. Together,
circulating irisin may contribute to follicle de-
velopment by regulating follicle temperature
during folliculogenesis irrespective of causes un-
derlying infertility.
We do not know the physiological importance

of similar serum and FF-irisin levels in PCOS
subjects. One may speculate that unlike to the in-
sulin resistance transport of irisin from blood to
FF may not be dysfunctional in PCOS women.
Since the development of PCOS is often associ-
ated with the insulin resistance16, we have sug-
gested that irisin may play an important role in
follicle development independent of insulin resis-
tance. This may provide a novel therapeutic tar-
get for the treatment of PCOS-related metabolic
disturbance and subfertility. However, to demon-
strate the possible functional role of irisin in fol-
licle cells and oocyte, it would be important to
identify whether irisin receptors were present in
cumulus oocyte complex.
In contrast to the PCOS cases, significant dif-

ferences in serum and FF-irisin levels in poor re-
sponders lead us to think that the transfer of irisin
from the blood into the FF could not be simple
diffusion. If irisin was transporting from the
blood into the FF by the receptor-mediated sys-
tem, entry of irisin into the follicle should be fa-
cilitated at the high serum irisin levels in poor re-
sponders. Lack of significant correlation between
serum and FF irisin levels in poor responders
supports our idea. Weak vascular supply of folli-
cle cells in poor responders might prevent the
transport of irisin molecules from circulation into
the follicle.
Irisin secretion has been related with BMI and

muscle mass in humans15. In the current study,
poor responders and PCOS subjects had similar
BMI. On the other hand, lack of significant cor-
relation between serum and FF irisin levels in
poor responders led us to the suggest that regula-
tion of irisin transport between serum and FF are
irrespective of BMI status. Therefore, the differ-
ences detected in the serum and FF-irisin levels
in poor responders cannot be attributed to differ-
ences in muscle mass or BMI.
To determine the contribution of both meta-

bolic and demographic parameters upon follicle
development, we correlated each parameter with
the serum and FF-irisin. Our data clearly show
that balanced levels of serum and FF irisin may



occur secondary to metabolic sequelae of
PCOS. In line with, Chang et al8 reported that
serum irisin levels of PCOS women are nega-
tively associated with both insulin sensitivity
and insulin resistance index. In good agreement,
in the current study we have detected a negative
correlation between HOMA-IR, serum, and fol-
licular fluid irisin levels. Moreover, in this study
positive correlation between serum irisin and
testosterone levels were detected in the PCOS
subjects. Therefore, we can suggest that insulin
resistance and hyperandrogenism may be in-
volved in the regulation of irisin transport be-
tween serum and follicle cells. It has been re-
ported that androgens are closely linked to low-
grade inflammation in PCOS subjects17. More-
over, serum irisin levels of PCOS women was
reported to be positively associated with hyper-
androgenemia8. However, we have noted an in-
significant association between FF-irisin and
androgen levels in PCOS subjects. We, there-
fore, may propose that the balance between
serum and FF-irisin occur regardless of serum
levels of androgens.
Energy storage reservoir of the female is adi-

pose tissue which is essential for the initiation
and the maintenance of reproductive functions.
Female fertility is negatively affected by pertur-
bation in the adipose mass. Irisin induces some
reactions in the adipose tissue by stimulating
browning and UCP1 expression which lead to
an increase in total body energy expenditure2.
By regulating temperature change within the
follicle cells, irisin may contribute to the follicle
development. Thus, improper levels of FF-irisin
may disturb energy consumption by both oocyte
and follicle cells in poor responders. Unbal-
anced serum and FF-irisin levels may, therefore,
contribute to the unsuitable follicle development
in poor responders. Negative correlation be-
tween FF-irisin and serum AMH levels in poor
responders supports our idea. In addition to the
poor vascular supply of follicle cells, it is most
likely that irisin resistance is evident in the fol-
licles of poor responders. This resistance in fol-
licle cells may deregulate the expression of sev-
eral gene and gene-products that are potentially
involved in folliculogenesis. Moreover, irisin re-
sistance in follicle cells may disturb mitochon-
drial biogenesis and angiogenesis during follic-
ular development. Concordantly, it has been re-
ported that irisin controls mitochondrial biogen-
esis and oxidative metabolism in many cell
types18.
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Conclusions

In the literature controlled study investigating
the serum and follicular fluid irisin levels in
women suffering from infertility are lacking.
This is the first study showing the presence of
irisin in human follicular fluid. FF irisin correlat-
ed with serum irisin in the PCOS women. In con-
trast, there was no significant correlation be-
tween serum and FF-irisin levels in the poor re-
sponders. As a result, these findings suggest that
irisin may have an important physiological role
during follicular development in poor and high
responder subjects undergoing IVF/ICSI.
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