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Can irisin be used in the follow-up of osteoporosis treatment?

Irisin osteoporoz tedavisi takibinde kullamlabilir mi?

Esra Demirel !, Kadri Yildiz 2, Kenan Cadire1

Abstract

Aim: This study aims to investigate the possible roles of irisin as a biomarker in the diagnosis and follow-up of
0steoporosis.

Methods: A total of 32 postmenopausal osteoporotic and 23 healthy postmenopausal women were received in
this study. Bone mineral densitometry (BMD) measurements were done for all patients and control groups.
Clinical follow-ups were performed every 3 months. To elicit post-treatment values, at the end of the 12-month
follow-up period, all patients underwent BMD and biochemical parameters. Serum irisin concentrations were
measured by competitive Enzyme-Linked Immunosorbent Assay (ELISA). The detection range of the used kit
was 0.5-30 ng/ml.

Results: T-scores were determined as -3.28+0.6 in the BT group (Before treatment) and -2.49+0.7 in the AT
group (After-Treatment), and -0.7+0.4 in the control group (C). Significant differences were observed in T
scores between BT and AT (p<0.001), BT and C (p<0.001), and AT and C (p<0.001) statistically. Significant
differences were observed between BT and C (p<0.001) and AT and C (p=0.002) statistically. There was no
significant difference between BT and AT values (p=0.327) statistically. At the correlation analysis, irisin was
positively correlated with T score (p=0.01, r=0.25) and 25-OH-D (p=0.02, r=0.23), and negatively correlated
with development of osteoporosis (p=0.02, r=-0.23). According to the ROC analysis, irisin levels of 4.1 ng/ml
or less can predict pre-treatment osteoporosis with 65.6% specificity and 60% sensitivity (AUC: 65.8%,
p=0.014).

Conclusion: We concluded that irisin was a protective factor against osteoporosis. It may be used as a biomarker
in the diagnosis of osteoporosis.
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Oz

Amag: Bu ¢aligma, osteoporozun tani ve takibinde bir biyobelirte¢ olarak irisinin olasi rollerini aragtirmayi
amaglamaktadir.

Yontemler: Bu ¢alismaya toplam 32 postmenopozal osteoporotik ve 23 saglikli postmenopozal kadin alindi.
Tiim hasta ve kontrol gruplarinda kemik mineral dansitometri (KMY) 6l¢iimleri yapildi. Klinik takipler 3 ayda
bir yapildi. Tedavi sonrasi degerleri ortaya ¢ikarmak igin 12 aylik takip siiresinin sonunda tiim hastalara BMD
ve biyokimyasal parametreler uygulandi. Serum irisin konsantrasyonlari, rekabet¢i Enzyme-Linked
Immunosorbent Assay (ELISA) ile 6l¢iildii. Kullanilan kitin algilama araligi 0,5-30 ng/ml idi.

Bulgular: T-skorlar1 BT grubunda (Tedavi 6ncesi) -3,2840,6, AT grubunda (Tedavi Sonrasi) -2,49+0,7 ve
kontrol grubunda (C) -0,7+0,4 olarak belirlendi. BT ve AT (p<0,001), BT ve K (p<0,001) ve AT ve K (p<0,001)
arasinda T skorlarinda istatistiksel olarak anlamli farkliliklar gozlendi. BT ile K (p<0,001) ve AT ile K
(p=0,002) arasinda istatistiksel olarak anlamli farklar gozlendi. BT ve AT degerleri arasinda istatistiksel olarak
anlaml fark yoktu (p=0,327). Korelasyon analizinde irisin, T skoru (p=0,01, r=0,25) ve 25-OH-D (p=0,02,
r=0,23) ile pozitif, osteoporoz gelisimi ile negatif korelasyon gosterdi (p=0,02, r=-0,23). ROC analizine gore,
4,1 ng/ml veya daha disiik irisin seviyeleri, %65,6 ozgiillik ve %60 duyarlilikla tedavi oncesi osteoporozu
ongorebilir (EAA: %65,8, p=0,014).

Sonug: Irisinin osteoporoza kars1 koruyucu bir faktor oldugu sonucuna vardik. Osteoporoz tanisinda biyobelirteg
olarak kullanilabilir.

Anahtar kelimeler: Irisin, osteoporoz, zoledronik asit, biyobelirteg.
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Introduction

Irisin is a thermogenic protein that exhibits its effect by
inducing the conversion of white fat cells into brown fat cells [1].
It is a product of the Pep protein and Fibronectin Type-III
Domain 5 (FNDCS5) and has been determined to be an important
factor in metabolic homeostasis [2]. It also exhibits autogenic,
paracrine, and endocrine effects.

Fat serves as a thermogenic and energy storage tissue in
the mammalian body, and it has significant effects on the
endocrine system [3]. Lipo-blast cells are converted into two
different adipose tissues, white and brown (thermogenesis)
through diversification into adipocytes. Brown adipose tissue is
thought to play a protective role against a decrease in body
temperature in infants and affects energy storage, metabolism,
and the immune system. This brown adipose tissue has not been
in infants only, a small amount of brown adipose tissue has also
been in adults. On the other hand, white adipose tissue may be
regarded as the largest endocrine tissue in adults. Leptin, ghrelin,
glucocorticoids, plasminogen activator inhibitor (PAI-1), TNF-a,
IL-6, angiotensin, visfatin, resistin, irisin, and many other
cytokines are secreted from adipose tissue and are basic
compounds affecting metabolism [4]. These molecules, with
important roles in communication between organs in the
maintenance of metabolic homeostasis and that lead to various
metabolic diseases in case of dysfunction, are known as
adipocytokines [5].

Osteoporosis, one of the metabolic disorders that
threaten the human body, is a common metabolic bone disease
characterized by impaired bone mass and bone micro-
architecture and eventually an increased risk of fracture. It seems
like irisin is a potential junction molecule on the metabolism of
obesity and osteoporosis. Recently, Morgan et al concluded that
irisin treatment in the ovariectomized rats protected the bone
architecture. They declared irisin as a possible target in the
prohibition of postmenopausal osteoporosis [6].

The research questions of the study were as follows: i)
irisin has a potential bio-marker features to follow up for
osteoporosis, ii) in the metabolic pathway, there may be a
protective role of irisin against to bone fractures, iii) irisin may
be accepted as both diagnostic biomarker and therapeutic agent,
and iv) irisin is a junctional molecule between osteoporosis and
obesity metabolism.

The purpose of this study was to investigate whether
irisin is capable of use as a marker of the follow-up osteoporosis
treatment. The main aim was to search for the role of irisin as a
biomarker in the diagnosis of osteoporosis.

Material and methods

This study was planned as a prospective case-control
study on the follow-up of the irisin treatment for osteoporosis.
The study was approved by the Local Ethics Committee
(Erzurum Regional Research and Education Hospital, 2016/5-18)
and was by the Declaration of Helsinki and the International
Conference on Harmonization for Good Clinical Practice.
Written informed consent was obtained from all patients.

For preventing potential sources of bias that might
affect the study, all bone mineral densitometry (BMD)
measurements, biochemical tests, and statistical analyses were
made blinded. The patient group included postmenopausal

women between the ages of fifty-five and seventy who applied to
the internal medicine and orthopedics outpatient clinics between
April and December 2016 and were diagnosed with osteoporosis
(T score <-2.5).

Postmenopausal women between the ages of fifty-five
and seventy who were not diagnosed with osteoporosis (T score
> -1) were recruited into the control group. Al participant
diagnoses were based on their BMD measurements. Three
groups were created as Before Treatment (BT), After Treatment
(AT), and Control (C) groups.

Inclusion criteria for the patient group were diagnosis of
osteoporosis, no previous receipt of treatment for osteoporosis,
and absence of any systemic or localized disease. Exclusion
criteria were receipt of any surgical procedure during the study,
the detection at follow-up during the study of any systemic
disease requiring medication use, or the impossibility of clinical
follow-up. Twenty-three postmenopausal women with no
metabolic or systemic disease, including osteoporosis and
osteopenia at BMD measurements, with no recent history of
major surgery/disease, were included as the control group.

All patients included in the study and providing blood
specimens received a single intravenous 5 mg/100 ml dose of
Zoledronic  Acid (Novartis Pharma Stein  AG, Stein,
Switzerland). These patients underwent three-monthly clinical
follow-ups. The 32 patients remaining at the end of the 12-month
follow-up period underwent BMD to elicit post-treatment values.
Various biochemical values were again investigated post-
treatment.

For pre-treatment irisin measurements, 10 cc venous
blood specimens were collected between 07:30 and 09:30 am
following 12-h overnight fasting. These were centrifuged for 10
min at 4000 rpm using an Electromag M4808 P Centrifuge
device and stored at -80°C. The same procedure was performed
to determine post-treatment irisin values, and blood specimens
collected from the 32 patients were centrifuged and stored at -
80°C.

Serum irisin concentrations were measured by
competitive ELISA (Enzyme-Linked ImmunoSorbent Assay)
(Eastbiopharm  Company, Shangai) according to the
manufacturer’s instructions. The detection range of the kit was
0.5-30 ng/ml. Patients’ BMD measurements were performed
using a D.M.S STRATOS bone densitometry device (France)
with dual X-ray absorptiometry (DXA). Routine biochemical
parameters, vitamin, parathormone (PTH), and TSH were
measured on an Abbott Architect i2000 SR device using the
Chemiluminescent Microparticle Immunoassay (CMIA) method.

Statistical analysis

Statistical analyses were performed on SPSS 19.0
(Windows) software. The variables were normally distributed
according to the presentation with mean £SD. The student's t-test
and the Mann-Whitney U test were applied for comparisons.
Kruskal Wallis H Test was used for correlation analysis between
categorical and numerical values. Pearson's correlation test and
the Spearman correlation test were applied to determine relations
between variables. ROC analysis was performed to determine a
cut-off value for irisin. P values less than 0.05 were regarded as
statistically significant.

Results

A total of 32 postmenopausal osteoporotic and 23
healthy postmenopausal women were received. The mean age of
the groups was 62.5+7.5 years in the patient group and 60.0+4.5
years in the control group (p=0.054). Mean BMI values were
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29.0+3.5 kg/m® in the patient group and 31.1+3.9 kg/m? in the

control group (p=0.240).

Table 1. Clinical and biochemical characteristics of the patient and control groups.

Patients Controls p
(n=32) (n=23)
Age (year) 62.5+7.5 0.0+4.5 0.054
BMI (kg/m?) f 29.243.5 1.1+3.9 >0.05
BT AT C P P2 Ps

T score’ -3.240.6 -2.4+0.7 0.7+0.4 <0.001 <0.001 <0.001
Irisin (ng/ml) 5.23+6.08 6.03+5.19 6.70+3.34 <0.001 0.002 0.002
25-Hydroxy vitamin D (ng/ml) * 12.9+11.5 17.4+15.0 3.6£21.0 0.010 >0.05 >0.05
PTH (pg/ml) * 108.1+87.7 89.7+64.4 63.5+26.4 0.008 >0.05 >0.05
TSH (uIU/mL) 1.3+0.9 1.2+0.7 0.0+1.8 >0.05 >0.05 >0.05
Creatinin (mg/dl) 0.7+0.1 0.8+0.1 0.7+0.1 >0.05 >0.05 >0.05
Calcium (mg/dl) * 9.1+0.7 9.0+0.7 9.4+0.4 >0.05 >0.05 >0.05
Phosphorus (mg/dl) * 3.45+0.5 3.3+0.5 3.4+0.8 >0.05 >0.05 >0.05
ALP(U/L) 97.7+51.2 80.7+32.4 84.8+28.4 >0.05 >0.05 >0.05
CK (UL 96.4+85.5 71.4+20.6 92.9+37.4 >0.05 >0.05 >0.05

7: mean standard + deviation

BT: before treatment, AT: after treatment, C: controls, BMI: Body Mass Index, PTH: Parathormone, TSH: Thyroid —Stimulating Hormone, ALP: Alkaline

phosphatase, CK: Creatinine Kinase.
p1: statistically relationship between before treatment and controls
p.. statistically relationship between after treatment and controls.

ps: statistically relationship between before treatment and after treatment.

Pre-treatment and post-treatment biochemical data, T
scores, and irisin levels in the patient group were examined and
subjected to statistical analysis as BT, AT, and C groups. T
scores were -3.28+0.6, -2.49+0.7, and -0.7+0.4 in the groups of
BT, AT, and C, respectively. Irisin levels were 5.23+6.08 ng/ml,
6.03+5.19 ng/ml, and 6.7043.34 ng/ml in the groups of BT, AT,
and C, respectively. Clinical and biochemical values in the study
groups and the Group C are shown in Table 1.

Statistically significant differences were observed in T
scores between the groups BT and C (p<0.001). Statistically
significant differences were observed between the groups of BT
and C (p<0.001).

Statistically significant differences were observed in T
scores between BT and AT groups (p<0.001), and AT and C
groups (p<0.001). Statistically significant differences were
observed between the groups of between AT and C (p=0.002)
groups, and BT and AT (p=0.002) groups.

At correlation analysis, irisin was positively correlated
with T score (p=0.01, r=0.25) and 25-OH-D (p=0.02, r=0.23),
and negatively correlated with development of osteoporosis
(p=0.02, r=-0.23). Correlation analysis data are shown in Table
2. Development of osteoporosis was positively correlated with
age (p=0.003, r=0.312) and PTH (p= 0.001, r= 0.352), and
negatively correlated with T score (p=0.000, r=- 0.868) and 25-
OH-D (p=0.01, r=-0.26). There was no correlation between other

parameters.
Table 2. Correlation analysis between the irisin and other parameters.
P r
T score 0.01 0.25
25-Hydroxy vitamin D 0.02 0.23
Osteoporosis development 0.02 -0.23

ROC analysis showed that irisin is a useful marker for
predicting the diagnosis of osteoporosis and follow-up treatment.
According to the ROC analysis, irisin levels of 4.1 ng/ml or less
can predict osteoporosis with 65.6% specificity and 60%
sensitivity (AUC: 65.8%, p=0.014) (Figure 1).
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Figure 1. The irisin levels for predicting osteoporosis before

the treatment.
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Discussion

According to our results, the mean age was 6" decade.
There was no significant difference between groups. The mean
BMI values were similar in groups. In BT, AT, and C groups,
irisin levels were 5.23+£6.08 ng/ml, 6.03£5.19 ng/ml, and
6.70+£3.34 ng/ml, respectively. There was significant difference
statistically between BT, AT and C groups, in pairwise
comparisons between groups. We found that irisin was positively
correlated with T scores, and and negatively correlated with
development of osteoporosis. Development of osteoporosis was
positively correlated with age, and negatively correlated with T
score. According to our ROC analysis, the specificity was 65.6%
and the sensitivity was 60%, when irisin levels of 4.1 ng/ml or
less.

Recent findings have shown that irisin affects both bone
and glucose metabolism in humans. lIrisin is an adipokine
directly associated with obesity and glucolipid metabolism and
increases cortical bone mass by affecting the osteoblast
metabolic pathways [7, 8]. In vitro data from one study showed
that the myokine irisin can affect bone metabolism by
encouraging osteoblast differentiation [9].

One study examined the relation between irisin and
bone metabolism in a Chinese population (n=6,308). Irisin levels
were significantly higher in this population. A positive relation
was determined between plasma irisin levels and BMD in elderly
individuals [10]. Another study examined the relationship
between BMD values and irisin levels in 160 Chinese women
who were 70-90 years old. In addition, the irisin values were
detected significantly lower in osteoporotic and osteopenic
women compared to the control group, the low irisin levels in
women were associated with an increased rate of femoral neck
fracture and the lumbar spine fracture [11].

The basic aim of Palermo A et al.’s study [12] was to
investigate the association between irisin and body composition
in postmenopausal women with osteoporosis and to examine the
effect of irisin on brittleness and vertebra fractures. Their
databases confirmed an inverse correlation between irisin levels
and vertebral osteoporotic fractures, but no significant relation
was determined with BMD or non-fat mass. In another study,
irisin levels in circulation were associated with previous
osteoporotic fractures, but not with bone mass, and were not
affected by 3-month denosumab (Dmab) or teriparatide (TPTD)
therapy. That study was intended to investigate irisin levels in
the circulation in postmenopausal women with low bone mass
and the potential effects of three-month Dmab or TPTD therapy.
No difference was determined in serum irisin levels between
women with or without low bone mass, and these were
unaffected by three-month Dmab or TPTD therapy. Irisin levels
in circulation were found to be associated with previous
osteoporotic fractures. However, the study was unable to
conclude whether this relation was independent of whether or not
it potentially derived from low bone mass reflected by low
creatinine levels [13].

Physical activities such as sports are known to have a
positive effect on BMD. A study from Italy, including members
of the Bari soccer team, determined a positive correlation
between BMD and irisin. The irisin levels of circulation were
related to the improving Z-scores. From that perspective, irisin
which is a myokine could be described as a ‘sports hormone’
[14]. One experimental mouse study reported that irisin has a
positive effect on cortical bone mass, bone strength, and
periosteal circulation. This anabolic effect, stimulation of bone
formation, is independent of osteoclast activity. As anticipated, a
low dose of r-irisin modulated the skeleton genes, Opn and Sost,

rather than Ucpl or Ppar gamma expression in white adipose
tissues. Although the irisin precursor FNDC5 is abundantly
expressed in skeletal muscle, other regions such as bone and
brain have also been found to express FNDCS5 at low levels. In
addition, increased FNDCS5 positivity and increased expression
of FNDC5 mRNA were shown in muscle fibers in mice that
were injected r-irisin [15].

It was known that irisin is a molecule linked to Type 2
Diabetes Mellitus, lipid metabolism disorders, cardiovascular
diseases, non-alcoholic fatty liver, polycystic ovarian syndrome,
and metabolic bone diseases. In addition, in terms of metabolic
bone diseases, irisin is directly related to BMD and athletic
performance. Irisin may be in the future a therapeutic target in
metabolic bone diseases [16, 17].

Irisin has a pathophysiologic corner point in metabolic
diseases. Also, 1t has therapeutic targets for metabolic pathways
[18]. Briganti Sl et al declared the regulator role of irisin in both
bone and glucose metabolism [19]. Sarcopenia has a pioneering
role before osteopenia. Li G et al emphasized the roles of various
factors affecting muscle bone crosstalk and potential therapeutic
approaches. They decided that irisin has an important role in the
muscle-bone crosstalk and potential therapies for sarco-
osteoporosis [20]. In another study, Xu L et al. [21] searched the
effects of irisin on osteoblast apoptosis and osteoporosis in
postmenopausal osteoporosis rats. They found that irisin
inhibited the incidence of apoptosis, but also treated
postmenopausal OP through upregulating Nrf2 and inhibiting
NLRP3 expression. Notable for her work on irisin, Colaianni G
emphasized that irisin has a key player in bone metabolism and
its role is emerging as a possible therapeutic option to treat bone
diseases [22]. In the growing rats, HFD has negative effects on
BMD, bone microstructure, and bone metabolism. Swimming
exercise decreased body weight, body fat, and pro-inflammatory
cytokines. The swimming exercises increased serum irisin levels
and expression of PGC-1/FNDC5 in the bone. This study
advocated that swimming can improve bone microstructure, even
if a high-fat diet [23].

The limitations of this study may be listed as follow: i)
the number of patients in the group we used in the study could
have been higher, ii) the study could be a comprehensive meta-
analysis involving multiple medical centers with a larger number
of patients, iii) since irisin is a junction molecule in human
metabolism, other bio-regulatory compounds associated with
metabolism and irisin could also be investigated in the blood
material taken for our study.

Irisin level may be used as a marker in the diagnosis of
osteoporosis. A significant difference was determined in irisin
levels between before and after the treatment we think that
further studies are now needed concerning the potential use of
irisin as a parameter in the follow-up of osteoporosis treatment
and maybe treatment agent.
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