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ABSTRACT

INTRODUCTION

Tolycystic ovarian syndrome (PCOS) is one of
the most prevalent endocrine-metabolic disorders

Context: Irisin, a new myokine, has been found to be a biological marker of
insulin resistance (IR). There is conflicting evidence on serum irisin level in
adult women with polycystic ovarian syndrome (PCOS), and data are lacking
in adolescents with PCOS. Aims: We aimed to evaluate serum Irisin levels
and study its association with indices using blood glucose and insulin levels in
adolescents with PCOS. Settings and Design: This case—control study was
conducted in the gynecology outpatient department. Materials and Methods:
This study was carried out from August 2015 to June 2017. Eighty-two adolescent
girls aged 15-19 years were included in the study. Fasting irisin, insulin,blood
glucose; 2nd-h insulin (HOMA2-IR), and Quantitative Insulin Sensitivity Check
Index (QUICKI) for all participants with addition of 2™-h blood glucose for
cases. Statistical Analysis: A correlation between serum irisin level and various
biochemical parameters was done using Pearson’s correlation. Results: Fasting
serum irisin was significantly higher among PCOS cases (8.43 [5.84, 13.11]) when
compared to controls 4.90 (2.37, 9.09), median (interquartile range) (P = 0.002).
Serum irisin was found to have a significant moderate positive correlation with
2"4-h blood glucose, fasting/2™-h insulin, and HOMA2-IR. A significant moderate
negative correlation was observed between irisin and QUICKI. Conclusions:
Serum irisin levels were significantly elevated in adolescents with PCOS when
compared to the controls. A significant correlation of serum irisin with blood
glucose and insulin indices indicates that serum irisin could serve as a marker of
IR and may help in its diagnosis in adolescents with PCOS.

Keyworbs: Adolescents, HOMAZ2-IR, polycystic ovarian syndrome, QUICKI,
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with blood sample withdrawal, it is not a practical
method to assess IR.P! Other surrogate markers of IR
include indices using blood glucose and insulin levels,
adiponectin, sex hormone-binding globulin, etc.,*"

afflicting females of reproductive age and often initially
manifests in adolescence. The prevalence of PCOS in
Indian adolescents is 9.13% in the community.l" Insulin
resistance (IR) is involved in PCOS pathophysiology.
Euglycemic-hyperinsulinemic clamp technique is the gold
standard method of assessing IR. Being an expensive
and tiresome study requiring continuous insulin infusion
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but none of these have been found to be very useful.
A marker that correlates with the second-best method,
namely blood glucose and insulin indices, would
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therefore be a particularly useful adjunct to assist in the
diagnosis of IR in adolescents with PCOS.

A new myokine, irisin, has been found to be a
biological marker of IR.I*”! In adult women, it has
been demonstrated that irisin is increased in PCOS
and may be a suitable biological marker.®'?) However,
three recent studies have found that adult women with
PCOS had either significantly lower mean serum irisin
concentrations,!'¥ or although decreased, there was
no difference when compared to controls.l'*!5) Thus,
there is conflicting evidence on serum irisin level in
adult women with PCOS and adequate data are lacking
in adolescents with PCOS. Therefore, this study is
proposed to evaluate serum irisin levels and study its
association with indices using blood glucose and insulin
levels in adolescents with PCOS.

MATERIALS AND METHODS

This case—control study was conducted in the
department of obstetrics and gynecology of a tertiary
care hospital from August 2015 to June 2017. The ethics
committee approved the study protocol. Adolescent girls
aged 15-19 years, diagnosed with PCOS according
to Rotterdam PCOS consensus criteria 2003M'% which
require 2 out of the 3 following characteristics,
namely evidence of ovulatory dysfunction (consecutive
menstrual intervals >90 days even in the 1% year after
menstrual onset, menstrual intervals persistently <21 or
>45 days 2 or more years after menarche, and lack of
menses by 15 years or 2-3 years after breast budding);
androgen excess (moderate to severe hirsutism,persistent
acne unresponsive to topical therapy; and persistent
elevation of serum total and/or free testosterone level)
and polycystic ovaries (12 or more follicles, 29 mm
diameter and/or ovarian volume >10 ml in at least one

ovary).

Girls in the same age group presenting with minor
gynecological complaints such as dysmenorrhea, white
discharge per vaginum, and lower abdominal pain
were included as controls. Since adolescent girls were
the participants of this study, they and their parents
were given detailed information about this study and
its purpose. After obtaining informed consent, namely
written assent from participants and parental consent
for minors (13—18 years) and written consent from
participants >18 years, an interview schedule containing
sociodemographic details and detailed history was
elicited. After the questionnaire was completed, they
were examined in the presence of a female staff
nurse, with privacy being maintained throughout.
Physical examinations including height, weight, body
mass index (BMI), acanthosis nigricans, secondary

sexual characteristics, hirsutism score, and abdominal
examination were carried out. Ultrasound findings
and serum testosterone levels in cases were noted.
The procedures followed were in accordance with the
ethical standards of the responsible committee on human
experimentation (institutional or regional) or with the
Helsinki Declaration of 1975, as revised in 1983.

Between days 2 and 7 of the menstrual cycle, venous
blood was drawn from the antecubital vein of the
participants after overnight fasting. Four milliliters of
venous blood was taken in the fasting state for estimation
of serum irisin, serum insulin, and blood glucose levels
from both cases and controls. Then, 75-g glucose was
administered, and after 2 h, 4 ml of venous blood was
taken for assessment of insulin levels and blood glucose
levels in cases and 2 ml of venous blood was collected
from controls for analyzing serum insulin levels.
The samples collected were stored at —80°C in the
Department of Endocrinology, JIPMER, and processed
after all cases and controls were recruited. Serum
irisin levels were analyzed using enzyme-linked
immunoassay (ELISA) kit manufactured by Bioassay
Technology Laboratory (catalog no. E3253Hu) having a
standard curve range of 0.2—60 ng/mL and sensitivity of
0.095 ng/mL. Serum insulin levels were measured using
ELISA kits of the same company (catalog no. EO010Hu)
having a standard curve range of 0.2-60 mlIU/L and
sensitivity of 0.11 mIU/L. Blood glucose levels were
estimated in the Department of Biochemistry, JIPMER.
Parameters studied in cases were fasting serum irisin,
fasting and 2"-h serum insulin, fasting and 2"-h blood
glucose. In controls, fasting serum irisin, fasting and
2"-h serum insulin, and fasting blood glucose were
assessed. HOMA2-IR and QUICKI using blood
glucose and serum insulin levels were calculated using
HOMAZ2-IR calculator version 2.2 and analog calculator
in Microsoft Office Excel. Poststudy abnormal tests
were communicated to the participants, and appropriate
referral and treatment were instituted.

Sample size was calculated to detect a difference of
50 ug/L in irisin levels between adolescents and PCOS
patients (standard deviation [SD] — 70 and 90 pg/L,
respectively).”) Sample size was estimated to be 41
in each group. Calculations were done based on 80%
power and 95% confidence levels using Open Epi
software (Dean AG, Sullivan KM, Sir MM. OpenEpi:
Open source Epidemiologic Statistics for Public Health,
Version 3.01). Outcome variables were irisin levels and
indices using blood glucose and insulin levels. Data were
entered in Excel and analyzed using SPSS version 21
(IBM Corp. Armonk, NY, USA). P < 0.05 was set as
statistical significance.
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Continuous variables such as age, height, weight,
and BMI were measured as mean + (SD). Categorical
variables such as education status, socioeconomic
status, prevalence of acanthosis nigricans, obesity, chief
complaints, presence of impaired glucose tolerance (IGT),
and IR were expressed using proportions. Biochemical
parameters such as blood glucose levels, serum insulin,
serum irisin, HOMAZ2-IR, and QUICKI were expressed
as median interquartile range as the distribution was
nonnormal; comparison between the two groups was
done using Mann—Whitney test. Pearson’s Chi-square
test was used to test for significant difference between
the two groups with respect to BMI, fasting blood
glucose, serum testosterone, serum irisin, fasting insulin,
2"-h insulin, HOMA2-IR, and QUICKI. A correlation
between serum irisin level and various biochemical
parameters was done using Pearson’s correlation, and
scatter plots were constructed. Strength of relationship
was expressed as r value with good, moderate, and poor
correlation. Receiver operating characteristic (ROC)
curve was constructed in order to assess the diagnostic
utility of serum irisin as a marker in IR among cases and
controls. Area under the curve was obtained to assess the
discriminatory power of the marker. The corresponding
sensitivity and specificity for a given serum irisin value
have been reported as %.

REsuLTS

The mean age of girls among cases was 16.4 + 1.1 years
and mean age of girls in the control group was
17.7 + 1.1 years, with a range of 15—19 years. Three-fourth
of the cases (73.2%) were in middle adolescence
whereas majority of the controls (85.4%) were in late
adolescence. Majority of the cases (63.4%) were in
high school whereas maximum controls (70.7%) were
graduates. Participants of study population were classified
according to income cutoffs from Modified Prasad’s
Socioeconomic Classification!!” 2016. Out of total
82 participants, majority of the cases belonged to class
1 (48.8%), while among controls, maximum belonged to
class 2 (56.1%).

The most common complaint in girls among
cases was infrequent cycles (97.5%) followed by
primary infertility (2.4%), and among controls,
symptoms were pain abdomen (39%), white
discharge per vaginum (29%), dysmenorrhea
(19.5%), primary amenorrhea (4.8%), heavy menstrual
bleeding (2.4%), primary infertility (2.4%), and
secondary amenorrhea (2.4%). The mean age of
menarche in girls in cases was 13.15 £ 0.98 years
with a range of 11-15 years and in controls was
13.05 = 0.669 years with a range of 11-14 years.

According to Rotterdam’s criteria for the diagnosis
of PCOS, three-fourth (78.0%) of cases had all the
three features followed by combination of infrequent
cycles and clinical and/or biochemical signs of
hyperandrogenism (14.7%) and infrequent cycles and
polycystic ovaries (7.3%). Mean body weight and BMI
were higher among the cases, and this difference was
statistically significant (y* = 30.22, P < 0.0001). Twelve
percent of the cases had acanthosis nigricans.

Fasting blood glucose was significantly higher in
cases when compared to controls, but the level was
below the cutoff for the diagnosis of diabetes. Two
cases had (4.8%) IGT based on fasting blood sugar.
46.3% had IGT with 2"-h blood glucose after 75-g oral
glucose. Among these, 17 had only raised 2™-h glucose
whereas 2 cases had derangement of both fasting and
2"-h glucose. Fasting and 2"-h insulin levels were
significantly higher in cases when compared to controls.
Seven (17%) of the cases had high fasting insulin levels
suggestive of IR in relation to normal fasting blood
glucose values. Based on HOMAZ2-IR, IR was present
in 90.2% of the cases and 19.5% of the controls. Both
with HOMAZ2-IR and QUICKI, there was a statistically
significant difference between cases and controls.
Anthropometric and biochemical parameters are
summarized in Table 1.

Among PCOS cases, serum irisin level ranged from
3.1 to 444 ng/ml, and in controls, it ranged from
0.3 to 35.7 ng/ml. Fasting serum irisin was significantly
higher among PCOS cases (8.43 ng/ml) when compared
to controls (median: 4.9 ng/ml) (P = 0.002) [Figure 1].
The range of serum irisin levels in normal,
overweight, and obese girls was 3.34-44.42 ng/mL,
3.1-42.74 ng/dL, and 3.66—41.9 ng/dL, respectively.
A correlation of serum irisin with blood glucose, insulin,
and indices is depicted in Table 2 and Figure 2.

There was a weak negative correlation of serum irisin
with BMI and testosterone however which was not
statistically significant. With fasting blood glucose,
serum irisin had an insignificant weak positive
correlation and a significant moderate correlation with
2"-h blood glucose. A positive moderate correlation was
found between serum irisin level and fasting/2"-h serum
insulin which was statistically significant. There was also
a statistically significant moderate positive correlation
between serum irisin levels with HOMA2-IR. However,
serum irisin level and QUICKI were significantly
moderate negatively correlated.

ROC curve was constructed for comparison of irisin values
among normal controls and PCOS cases for the diagnosis
of IR based on HOMA2-IR [Figure 3]. Area under the
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Table 1: Anthropometric and biochemical parameters in cases and controls

Characteristics Cases Controls P

Weight (kg) (mean+SD) 58.80+10.107 50.414+3.464 0.001
BMI (kg/m?) (mean+SD) 25.5844.353 21.67+1.287 0.001
Fasting blood glucose (mg/dL), median (IQR) 84 79 0.004
Fasting insulin level (mIU/L), median (IQR) 11.76 (10.35-21.72) 6.02 (5.26-9.81) 0.001
Second-hour insulin level (mIU/L), median (IQR) 11.10 (8.53-18.30) 6.32 (4.04-11.17) 0.001
Fasting serum irisin level (ng/ml), median (IQR) 8.43 (5.84-13.11) 4.90 (2.37-9.09) 0.002
HOMAZ2-IR, median (IQR) 2.63 (2.03-5.25) 1.13 (10.0-1.75) 0.001
QUICKI, median (IQR) 0.33 (0.30-0.34) 0.37 (0.34-0.38) 0.001

SD=Standard deviation, IQR=Interquartile range, BMI=Body mass index, HOMA2-IR=homeostatic model assessment 2-Insulin resistance,

QUICKI=Quantitative insulin sensitivity check index
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Figure 1: Serum irisin levels in study groups

curve was 0.626 (P = 0.053). Sensitivity and specificity
for a range of irisin level were between 4.5 and 5.5 ng/ml.
As the discriminating power of this marker was not very
good, a single best cutoff was not possible, but for the
given range of serum irisin 4.49—5.50 ng/mL, sensitivity
ranges from 73.5% to 79.6% and specificity ranges from
36.4% to 51.5% [Table 3].

Discussion

To the best of our knowledge, this is the first study to
evaluate serum irisin levels in adolescents with PCOS
and its association with blood glucose and insulin
indices. Serum irisin levels were significantly elevated in
adolescents with PCOS when compared to the controls,
and there was a significant correlation of serum irisin
with blood glucose and insulin indices in our study.

There are eight studies in the literature which have
evaluated serum irisin in women with PCOS as this is a
novel marker of recent interest. The studies available so
far have all been in adult women with PCOS in the age
group ranging from 20 to 35 years.*'! We included girls
of 15-19 years in our study because anovulatory cycles
are common in the first few years following menarche.

RISIN
IRISIN

Body Mass Index Testosterone

Correlation between serum irisin level
and serum testosterone

Correlation between serum irisin level
and body mass index

RISV
IRISN

v
\
\
H

Fasting blood glucose Second hour blood glucose

Correlation between serum irisin level
and 2"-h blood glucose level

Correlation between serum irisin level
and fasting blood glucose level

\
\
\
\
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Correlation between serum
irisin level and 2™-h insulin level

Correlation between serum
irisin and fasting insulin

IRISIN
g 5

HOMRZIR auickt

Correlation between
serum irisin and QUICKI

Correlation between serum
irisin and HOMA2-IR

Figure 2: Correlation between serum irisin and various parameters

Out of the girls with PCOS, 49% were obese and
another 22% were overweight in our study. The
difference in BMI between cases and controls was
statistically significant (P < 0.0001) similar to other
studies in adult women.®%-!12141 Fasting blood glucose
in adolescents with PCOS was significantly higher in
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Table 2: Correlation of serum irisin with
anthropometric, hormonal and biochemical parameters

Parameters Correlation P
coefficient (r)

BMI -0.14 0.36
Serum testosterone —0.236 0.137
Fasting blood glucose 0.262 0.099
Second-hour blood glucose 0.579 0.000
Fasting serum insulin 0.481 0.001
Second-hour serum insulin 0.579 0.000
HOMAZ2-IR 0.494 0.001
QUICKI —0.452 0.003

BMI=Body mass index, HOMA2-IR=homeostatic model
assessment 2-Insulin resistance, QUICKI=Quantitative insulin
sensitivity check index

Table 3: Sensitivity and specificity of serum irisin within
minimum and maximum cutoff values

Serum irisin Sensitivity (%) Specificity (%)
4.49 79.6 36.4
4.575 79.6 39.4
4.685 79.6 42.4
4.81 79.6 45.5
4.975 79.6 48.5
5.135 77.6 48.5
5.24 75.5 48.5
5.33 75.5 51.5
5.505 73.5 51.5
ROC Curve
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0.2
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Figure 3: Receiver operating characteristic curve for the diagnosis of
insulin resistance

cases when compared to controls in this trial comparable
to other studies,®'>! but the level was below the cutoff
for the diagnosis of diabetes. Serum insulin in the
fasting state and 2™ h was significantly higher in cases
in concordance with other data.!1214 Difference in
blood glucose indices, namely HOMA2-IRB!1214]
and QUICKIL® was statistically significant between
both the groups in our study similar to other studies

in adult women with PCOS. 46.3% had IGT according
to fasting and 2"-h glucose and 17% had IR based on
fasting insulin level. Using HOMA2-IR and QUICKI,
IR was found in 90% of the cases, thus depicting a high
preponderance of IR in PCOS which was missed out on
the traditional testing methods, namely fasting and 2™-h
blood glucose estimation.

Serum irisin levels in our study were within the
range (5.44-479 ng/ml) reported in eight studies which
have assessed serum irisin levels in adult women
with PCOS. It is unlikely that storage would have
affected the levels. There is no clear explanation for
the increase in serum irisin levels in PCOS. It could
be due to its association with metabolic syndrome or a
protective mechanism in the prediabetic-diabetic state
of PCOS before diabetes ensues or irisin resistance
state due to failure of its action. Fasting serum irisin
was significantly higher among PCOS cases in our
study. This is in agreement with five studies so far
which evaluated serum irisin in PCOS in adults.-'
However few recent studies have found that adult
women with PCOS had either significantly lower
mean serum irisin concentrations!’* or no difference
when compared to controls!! or higher levels in obese
PCOSI®). Thus, there is conflicting evidence on serum
irisin level in adult women with PCOS when compared
to controls. The range of serum irisin levels in normal,
overweight, and obese girls (3.34-44.42 ng/mL,
3.1-42.74 ng/ml, and 3.66-41.9 ng/ml, respectively)
was similar on comparison between the three groups.

In our study, serum irisin showed a weak negative
correlation with BMI which was not statistically
significant. The negative correlation!® is in contrast
to all other data which showed a positive correlation
to BMII'12151 or no correlation.!'*!5] The absence of
correlation could be possible because of lower levels
of serum irisin in the two studies described.['#!]
Serum irisin had a statistically insignificant weak
negative correlation with serum testosterone level in
our study whereas another study in 202 adult women
with PCOS found no correlation.!'” There was a weak
positive relationship of serum irisin with fasting
blood glucose in our study but was statistically not
significant. This is similar to a case—control study!"!
done to evaluate the relationship between serum irisin
level in PCOS to parameters of metabolic disturbances
in 179 PCOS women and 122 controls. The reason for
this is probably because only 4.8% of the cases had
IGT. Furthermore, with 2"-h blood glucose, serum
irisin showed a significant moderate positive correlation
in agreement with a case—control study which assessed
the association of irisin with the development of
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PCOS.P”! There was a positive relationship of serum
irisin with fasting blood glucose (weak positive) and
2-h blood glucose (significant moderate positive)
in our study in agreement with studies on adult
PCOSP:B! Serum irisin had a positive relationship with
both fasting and 2"-h glucose which reiterates the
pathophysiology of IR in PCOS. Serum irisin had a
significant moderate positive correlation with fasting
serum insulin which is similar to another study!'® or
weak negative correlation.['! 46.3% of the girls with
PCOS in our study had IGT, and this could be the
reason for the positive correlation.

With respect to 2"-h serum insulin, serum irisin again
showed a moderately positive correlation which was
statistically significant. However, this association has not
been studied in the data available so far, although the
increased level of 2™-h insulin in cases when compared
to controls has been reported in few studies.[®*!2!

Serum irisin showed a statistically significant moderate
positive correlation with HOMA2-IR which is consistent
with a study®™ evaluating irisin levels and the effect
of metformin treatment in women with PCOS. There
was a significant decline in levels of serum irisin and
HOMAZ2-IR after metformin therapy. In our study, there
was a negative correlation between serum irisin and
QUICKI of statistical significance which is in agreement
with a study which focused on the development of
PCOS.PI ROC curve was constructed for comparison of
irisin values among normal controls and PCOS cases for
the diagnosis of IR based on HOMAZ2-IR. Area under
the curve was 0.626 (P = 0.053). As the discriminating
power of serum irisin was not very good, a single best
cutoff was not possible, but for the given range of
serum irisin 4.49-5.50 ng/mL, sensitivity ranges from
73.5 to 79.6 and specificity ranges from 36.4 to 51.5.
Analysis of ROC curve derived in a previous study™
indicated that the optimal cutoff point for fasting irisin
was 814.2 ng/ml.

This is the first study to evaluate serum irisin levels and
assess its association with indices using blood glucose
and insulin levels in adolescents with PCOS. The
estimation of serum irisin levels was done in a targeted
age group in this study. Restricting the inclusion age
to 15-19 years reflects the levels in adolescent girls.
Limitations of the study were that the approximated
irisin cutoff value for the diagnosis of IR has not yet
been elucidated. Since the study population was recruited
from a tertiary hospital, the relationship between serum
irisin and blood glucose and insulin indices may not
reflect all adolescent girls with PCOS.

CONCLUSIONS

Serum irisin levels were significantly elevated in
adolescents with PCOS when compared to the controls.
A significant correlation of serum irisin with blood
glucose and insulin indices indicates that serum irisin
could serve as a marker of IR and may help in the
diagnosis of IR in adolescents with PCOS. As young
girls with PCOS are at high risk of developing IGT,
early identification of IR by a panel of HOMA2-IR,
QUICKI, and irisin in addition to GTT may play a
pivotal role in institution of lifestyle changes that may
help in delaying the progression to type 2 DM. Further,
follow-up of these participants may yield additional
insight into the progression of IR and type 2 DM in
young girls with PCOS. Further studies are required
with large sample size to arrive at cutoff point of serum
irisin for the diagnosis of IR.
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