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Evaluation of Serum Irisin Levels in Patients Developing
Nephropathy Due to Type 2 Diabetes Mellitus
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ABSTRACT

Objective: Type 2 diabetes mellitus is a metabolic disease characterized by multi-organ involvement, mostly the
renal system, as a result of impaired blood sugar regulation. Damage to the renal system can be serious and can be
noticed late. Type 2 diabetes mellitus is associated with adipokine disorders, and irisin molecule, a myokine involved
in glucose and lipid metabolism, has also been reported to play a role in the pathogenesis. In this study, it was aimed
to compare serum irisin levels between healthy individuals and type 2 diabetes mellitus patients at different stages
in terms of nephropathy and to demonstrate that irisin can be a guide in the diagnosis and treatment of the disease
in earlier stages before kidney damage develops.

Material and Methods: The study included 101 samples of type 2 diabetes mellitus and 28 healthy volunteers who
applied to Cukurova University Balcali Hospital. The participants in the study were divided into five groups in total.
The groups consisted of the first group including healthy volunteers without a history of diabetes, and four separate
groups of diabetic nephropathy patients, which were formed by considering Mogensen's staging criteria. Serum irisin
levels and routine biochemical parameters were also evaluated in the groups. Chi-square and One Way Anova tests
were used for statistical analysis to compare group data.

Results: Serum irisin level was found to be significantly higher in group 1 (p< 0.001). Especially in group 2 (Mogensen
stage 1 hyperfiltration and hypertrophy stage), serum irisin level was found to be significantly lower than the control
group (p< 0.001). Hemoglobin A1c, micoralbumin/creatinine and HOMA-IR values were found to be significantly low-
eringroup 1 (p< 0.001 for each). It was determined that irisin had a weak negative correlation between hemoglobin
Alc, microalbumin/creatinine and glomerular filtration rate respectively (p= 0.001, r=-0.286), (p= 0.199, r=-0.015),
(p=0.142, r=-0.158), while it had a weak positive correlation between HOMA-IR (p= 0.008, r= 0.308).

Conclusion: According to the data obtained from the study, it was thought that serum irisin levels could be used as
a guide in the early diagnosis of diabetic nephropathy before the symptoms related to nephropathy appear and the
glomerular filtration rate decreases.

Keywords: Irisin, diabetic nephropathy, type 2 diabetes mellitus, microalbuminuria
(074
Tip 2 Diyabetes Mellitusa Bagli Nefropati Gelisen Hastalarda Serum irisin Diizeylerinin

Corresponding Address . . A
Degerlendirilmesi

Gillgin DAGLIOGLU Giris: Tip 2 diyabetes mellitus metabolik bir hastalik olup; kan seker regtilasyonunun bozulmasi sonucu, siklikla renal
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olusturulmus dort ayr gruptan meydana gelmistir. Gruplarda serum irisin duizeyleri ile birlikte rutin biyokimyasal pa-
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rametreler de degerlendirilmistir. Grup verilerinin karsilastirlmasinda One Way Anova ve ki-kare testleri kullaniimistir.

Bulgular: Serum irisin diizeyi, anlamli olarak grup 1 icin yiiksek saptanmistir (p< 0.001). Ozellikle grup 2'de (Mo-
gensen evre 1 hiperfiltrasyon ve hipertrofi evresinde) serum irisin diizeyinin birinci gruba gore anlamli olarak diistik
Accepted: 01.01.2023 oldugu belirlenmistir (p< 0.001). HOMA-IR, hemoglobin Alc, mikoralbumin/kreatinin degerleri ilk grupta anlamli
Available Online Date: 27.04.2023 oranda diisiik bulunmustur (herbiri icin p< 0.001). irisin ile hemoglobin A1c, mikroalbumin/kreatinin ve glomerdil filt-
rasyon hizi arasinda zayif negatif korelasyon saptanirken sirasiyla (p=0.001, r=-0.286), (p=0.199, r=-0.015), (p=0.142,
r=-0.158), HOMA-IR ile zayIf pozitif yonde korelasyon saptanmistir (p= 0.008, r= 0.308).

Sonug: Calismadan elde edilen verilere gore; serum irisin diizeylerinin diyabetik nefropatinin erken evrelerinde, he-
nuz nefropatiye bagl semptomlar ortaya ¢ikmadan ve glomerdiler filtrasyon hizi dismeden 6nce, erken tanida yol
gosterici olarak kullanilabilecegi diistinilmustdir.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a systemic disease
characterized by impaired insulin receptor level, insulin
resistance, insulin secretion defect, relative insulin defici-
ency, impaired blood glucose regulation and multi-organ
involvement (1,2). In studies, T2DM has been shown to be
directly related to adipokine disorders (3-6) in the pathoge-
nesis of signal originating from adipose tissue and that the
changes that occur with the secretion of molecules and inf-
lammation play a role (7).

Irisin is @ molecule identified in 2012 and has been defi-
ned as a hormone secreted from skeletal muscle in humans
and mice due to exercise (8-14). It has been defined as a new
myokine that enables the transformation of white adipose
tissue into brown adipose tissue (15-17). Irisin is thought to
increase energy consumption in this transformation and to
be effective in systemic metabolism (8,18-20). It is predicted
that irisin (21), which is also expressed among adipocytoki-
nes, may be a potential treatment agent in the fight against
T2DM and atherogenesis, depending on the activation of
brown adipose tissue (22).

Diabetic nephropathy (DN), which occurs with renal sys-
tem involvement in diabetes, has become a common and
important complication of end-stage renal disease in the
global population (3-4) and is also seen as the main cause of
diabetes-related mortality and morbidity (23).
Microalbuminuria occurs in the first stage, macroalbuminuria
and significant renal dysfunction occur in the later stage
(24,25). The mechanism of DN formation has not been clearly
revealed, but experimental studies suggest that inflammation
plays a fundamental role in the progression of DN (26). Serum
irisin level in the progressive process of DN reflects glucose
intolerance through insulin resistance (27). In some studies,
irisin has been reported to have a protective effect on the
renal system. A study in rats has suggested the potential pro-
tective role of irisin on the kidney against harmful stimuli.
Administration of recombinant irisin has been shown to
improve kidney function by reducing kidney damage and
fibrosis. This shows the direct renal protective activity of irisin,
independent of its benefit on glycemic metabolism (28). In
another study using the ischemia/reperfusion mouse model,
it has been shown that irisin may have a renoprotective effect
on acute kidney injury in tubular cells treated with hypoxia/
recovery (29). It has also been shown that irisin is stimulated
in renal ischemia-reperfusion and protects against tubular cell
damage and apoptosis by suppressing p53 (30).

The development of DN consists of five stages according
to the criteria defined by Mogensen. Stage 1 is the stage of

hyperfiltration and hypertrophy. Most patients diagnosed
with diabetes are at this stage. Stage 2 is known as the asym-
ptomatic silent stage. There may be no clinical signs. This
quiet period can last 10-15 years. Glomerular filtration rate
(GFR) is high at the beginning of this period, and hypefrfiltra-
tion can be seen as the process progresses. Over time, the
findings may slowly decrease and return to normal values.
Excretion of albumin in the urine and blood pressure may be
within normal limits. Stage 3 refers to the microalbuminuric
stage. Persistence of microalbuminuria (albumin in urine;
20-200 pg/min, 30-300 mg/day) can be seen in the urine.
There is a slight increase in blood pressure. On average, dia-
betes begins 6-15 years after onset. It indicates the detec-
table early phase of kidney dysfunction. GFR can be normal,
high, or low. Stage 4 is called overt diabetic nephropathy or
azotemic stage. It is the phase of irreversible changes.
Histological changes are evident and hypertension has
become permanent. Stage 5 is the last stage and is known as
end-stage renal disease or uremic stage. During this period,
high levels of urea and creatinine lead to advanced resistant
hypertension (31).

Identification of new biomarkers in early stage DN is of
great clinical importance (32). Although there is no definiti-
ve cure for DN, there are treatment approaches that slow
down the disease. With this study, it was aimed to compare
serum irisin levels between different stages of healthy indi-
viduals and patients with DN and to demonstrate that irisin
can be a guide in the diagnosis and treatment of the disease
in the early stages before end-stage kidney damage deve-
lops.

MATERIALS and METHODS

The scope of the study included 101 patients with T2DM
over the age of 18 years and 28 healthy volunteers who
applied to the internal medicine outpatient clinic of our
hospital and came for periodic controls in the following peri-
ods. The study started with the approval of Cukurova Univer-
sity Faculty of Medicine Non-Invasive Clinical Research Eth-
ics Committee (Decision Number: 15, Date: 14.02.2020).
Consent was obtained from all individuals participating in
the study. Routine biochemical parameters were evaluated
within the scope of the study. Serum irisin level was studied
from a total of 129 samples. Of the patients participating in
the study, patients with malignancy, liver disease, rheumatic
and autoimmune disease, pregnancy, decompensated heart
failure, and cerebrovascular disease were excluded from the
study. Diabetes duration and medication information of the
patients were evaluated together with their demographic
data.
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The study was carried out in Cukurova University Medical
Faculty Education Research and Application Hospital Central
Laboratory. Within the routine sampling procedures, five cc
venous blood samples from the antecubiteal region of the
patients were taken into Becton Dickinson vacuum-gel and
Ethylenediamine Tetraacetic Acid (EDTA) tubes. Complete
blood count and hemoglobin Alc (HbA1c) test parameters
were studied from EDTA tubes. For biochemical test parame-
ters, the samples in gel tubes were centrifuged in the Niive-
NF200 centrifuge (three minutes-five thousand revolutions).
After the routine biochemical test parameters were studied,
the serums were taken into Eppendorf tubes to be studied
and stored in a deep freezer at -80°C. Frozen sera were analy-
zed at room temperature after thawing and mixing by vortex
on the study day.

From biochemical test parameters, hemogram, fasting
blood glucose, GFR, creatinine, blood urea nitrogen (BUN),
total protein, albumin, urine microalbum/creatinine ratio,
high-density lipoprotein (HDL), triglyceride (TG), total cho-
lesterol, low-density lipoprotein (LDL), aspartate aminotrans-
ferase (AST), HbA1¢, alanine aminotransferase (ALT), sodium
(Na), phosphorus (P), chlorine (Cl), potassium (K), calcium
(Ca), insulin, homeostatic model evaluation of insulin resis-
tance (HOMA-IR) levels were evaluated within the scope of
the study. Among the biochemical test parameters, serum Cl,
K, Na, glucose, Ca, creatinine, AST, aloumin, BUN, P, total cho-
lesterol, ALT, LDL cholesterol, HDL cholesterol and TG by ISE
(lon selective electrode) method; Beckman coulter AU5800,
hemogram (complete blood count) by photometric method,
Beckman Coulter DXH-800, HbA1c by autoanalyzer techni-
que; Premier USAHB9210, insulin by HPLC (High Performance
Liquid Chromatography) method; Beckman Coulter DXI-800
by chemiluminescence method, microalbumin and creatini-
ne in spot urine were studied on Beckman Coulter AU5800
devices with immunoturbidimetric and photometric met-
hods. GFR was calculated by the chronic kidney disease epi-
demiology collaboration (CKD-EPI) formula and HOMA-IR
(insulin resistance): glucose (plasma) x insulin (plasma)/405.
Moreover, microalbumin/creatinine ratios were calculated in
spot urine. Serum irisin level was analyzed with enzyme-lin-
ked immunosorbent assay (ELISA method-Sunred ELISA kit
catalogue no: 201-12-5328) in accordance with the kit proto-
cols.

Statistical analysis

The variables were divided into two as continuous and
categorical and evaluated. By testing whether continuous
variables fit the normal distribution with the Kolmogrov-
Smirnov test, the variables were shown with standard devia-
tion and mean values. Categorical data were calculated as

numbers and percentages. Normally distributed variables
were tested with One Way ANOVA, and non-normally distri-
buted variables were tested with Kruskal-Wallis tests. Results
are presented with mean and standard deviation values.
Median and IQR values are given as summary criteria for iri-
sin. Categorical data were compared with the Chi-square test
and evaluated. Correlation analysis was performed between
irisin level and other parameters, and the variables were exp-
ressed with Pearson and Spearman correlation coefficients.
Data analyzes were statistically evaluated in the Windows
operating system with SPSS 20.0 (SPSS Inc. Chicago, IL,
United States). P< 0.05 was considered significant.

RESULTS

In our study, the first group was formed with 28 healthy
volunteers without a history of diabetes. In the other groups
of the study, patients diagnosed with T2DM, under treatment
and followed-up were included. Thirty diabetic patients with
creatinine within the reference range and urine microalbu-
min <30 mg/day were in group 2 (Mogensen stage 1-2), 25
patients with 30-300 mg/day were in group 3 (Mogensen
stage 3), >300 mg/day 24 patients were determined as group
4 (Mogensen stage 4). Twenty-two patients with high micro-
albumin and creatinine levels (>300 mg/day, >1.1 mg/dL),
respectively, were in group 5 (Mogensen stage 5).

Demographic data for the groups included in the study
are given in Table 1. Serum irisin level was found to be signi-
ficantly higher in group 1 (p< 0.001). Especially in group 2
(Mogensen stage 1 hyperfiltration and hypertrophy stage),
serum irisin level was found to be significantly lower than the
control group (p< 0.001) (Figure 1). HbA1c, micoralbumin/
creatinine and HOMA-IR values were found to be signifi-
cantly lower in group 1 (p< 0.001 for each) (Table 2). There
were weak negative correlations between irisin and HbA1c,
microalbumin/creatinine, and GFR, respectively (p= 0.001,
r=-0.286), (p= 0.199, r= -0.015), (p= 0.142, r= -0.158), but
there was a weak positive correlation between (p= 0.008, r=
0.308).

DISCUSSION

T2DM is a metabolic disease with a rapidly increasing
global prevalence. In the literature, it is seen that there are
conflicting results in studies on serum irisin levels in T2DM
patients.

In our study, serum irisin level was found to be signifi-
cantly lower in diabetic nephropathic patients than in
healthy individuals. In some of the studies, serum irisin levels
have been found to be high in patients with T2DM (33,34),
and in many studies, it has been found to be low, similar to
our study (35,36). In most clinical studies, lower irisin levels
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Table 1. Comparison of the general demographic data of the study groups

*Group 1 Group 2
n=28 n=30

Age (year) 40.045+11.05 59.047 £11.61
Weight (kg) 71.09+11.14 7929+ 10.72
Height (cm) 166.95 + 9.48 166.62 +9.27
Body mass index (kg/m?) 245+3.6 289+5.2
Systolic blood pressure (mmHg) 111.36+9.90 126.9+18.06
Diastolic blood pressure (mmHg) 74.09 £ 6.66 78.33+£9.91
Follow-up duration of diabetes (year) - 14.57 +£9.41
Male sex, n (%) 18 (64.2) 22 (73.3)
Hypertension, n (%) 4(14.3) 20 (66.6)
Hyperlipidemia, n (%) 0(0) 7(23.3)
Coronary artery disease, n (%) 0(0) 8(26.6)
Smoking, n (%) 7 (25.0) 6 (20)
Asthma, n (%) 1(3.5) 3(10)
Hyperthyroidism, n (%) 0(0) 1(3.3)
Hypothyroidism, n (%) 0(0) 2(6.6)

Group 3 Group 4 Group 5

n=25 n=24 n=22 **p
53.10+ 10.60 57.90 + 8.42 57.10+9.19 <0.001
85.95+ 16.29 79.60 + 11.88 82.25+15.42 0.006
160.79 £ 21.66 160.10 £ 8.72 166.55 £ 7.21 0.357
352+13.2 30.8+4.5 30.5+6.3 <0.001
12526 £11.23 13850+ 19.80 14450+26.25 <0.001
79.74 £5.39 82.00+8.94 84.0 £13.53 0.004
10.57 £7.79 13.95+8.53 16.65 +7.82 <0.001
23(96.0) 11 (45.8) 11(50.0) 0.055
23(92.0) 22(91.6) 18(81.8) <0.001
8(32.0) 2(8.3) 1(4.5) 0.109
7 (28.0) 10 (41.6) 6(27.2) 0.006
20 (80.0) 12 (50.0) 14 (63.6) 0.006
0(0) 3(10) 2(9.0) 0.264
0(0) 0(0) 0(0) 0.402
5(20.0) 1(4.1) 1(4.5) 0.168

*Group 1: Healthy control, Group 2: <30 mg/day albuminuria, Group 3: 30-300 mg/day albuminuria, Group 4: >300 mg/day albuminuria, Group 5: >300 mg/

day albuminuria, high creatinine.
**p< 0.05: Accepted as statistically significant.

100+

Irisin 607
level
(ng/mL)

40

20 ’ 8

z & B o

I

T T T T T
Group 1 Group 2 Group 3 Group 4 Group 5

Figure 1. Serum irisin level by groups.

have been reported in patients with prediabetes or T2DM
compared to the control group (37-42). In a study conducted
with patients with T2DM, it has been determined that the
serum irisin level was higher in diabetic patients than in the
control group. It has been stated that the reason insulin
increase in serum irisin level is to compensate insulin resist-
ance seen in the muscle tissue in diabetics (43).

In the study by Shelbaya et al., irisin levels have been
found to be significantly lower in patients with T2DM (44). It
has been shown that serum irisin limits are lower in patients
with newly diagnosed T2DM than in individuals with normal
glucose tolerance (15,45). The fact that it is lower in patients
with T2DM for a long time suggests that the iris may be a
T2DM marker (46,47). In another study, the fact that serum
irisin level has been found to be significantly lower in the
T2DM group than in the control group suggests that irisin
may be a protective factor for T2DM (48). It has been sug-
gested that this increase may be associated with insulin
resistance (49).

Ebert et al. have evaluated the serum irisin levels of 532
patients with chronic kidney disease, stage 1-5. It has been
determined that the serum irisin level of the patients in stage
five was considerably lower than that of the patients in the
other stages. As the stage of the disease progresses, the
serum irisin level decreases, while a positive correlation of
irisin with insulin resistance and kidney functions has been
reported (50). The relationship between serum irisin level
and metabolic parameters and kidney functions has been
shown. However, it has been emphasized that low levels of
irisin in diabetic individuals also cause nephropathy (51). In
our study, it was shown that irisin level was lower in nephro-
pathic patients than in healthy individuals, and our result
also supports this study.
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Table 2. Comparison of complete blood count, biochemical parameters and irisin levels of the study groups

*Group 1 Group 2
n=28 n=30

Glucose (mg/dL) 80.12+8.84 160.5 +39.98
Urea (mg/dL) 11.35+£3.23 143+34
Creatinine (mg/dL) 0.72£0.12 0.67 +0.11
GFR (ml/min. (m?) 111.81+8.68 99.6 £19.33
Sodium (mEg/L) 140.43 £ 1.26 138.83 +1.46
Potassium (mEq/L) 4253 £0.27 4.51+0.48
ALT (U/L) 2143 £8.37 26.83 +£30.83
AST (U/L) 21.75+£5.19 20.41 £6.51
Uric acid (mg/dL) 5.30+1.39 5.46+1.78
Total protein (g/dL) 71.08 +4.28 70.69+4.73
Albumin (g/dL) 40.37 £2.52 4134 +£7.74
Calcium (mg/dL) 9.63 + 0.66 9.45+0.52
Phosphorus (mg/dL) 3.29+049 3.47 £0.50
Total cholesterol (mg/dL) 210.5 £45.67 194.35 + 65.34
Triglyceride (mg/dL) 14531+66.92 168.03 +83.24
LDL cholesterol (mg/dL) 131.54+34.86 118.96 +46.21
HDL cholesterol (mg/dL) 49.27 +13.72 54.15+17.09
White blood cell (103/uL) 6.70 £ 1.57 7.96 + 1.86
Hb (g/dL) 14.25 +1.47 13.41 £1.59
Hematocrit (%) 40.98 +4.02 38.80+£3.93
Thrombocyte (103/mm?) 23068+ 4827  265.07 +68.8
HbA1c (mg/dL) 56+0.3 7.68 +1.75
Microalbumin/cr 49+3.0 9.24 £ 6.64
HOMA-IR 1.20 £ 0.50 3.51+£240
Irisin (ng/mL) 19.71 £17.40 8.35+£10.06

13.5(8.7-30) 4.7 (3.6-7.3)

Group 3 Group 4 Group 5
n=25 n=24 n=22 **p
181.8+92.13 181.47 £ 89.39 172.0+70.39 <0.001
13.77 £ 4.96 18.66 + 7.30 40.51+15.10 <0.001
0.72£0.25 0.89+0.26 435+7.09 <0.001
90.43 +£31.84 87.36 + 14.0 29.78 £ 15.50 <0.001
129.60 + 33.1 137.52£37.20 138.82 £2.51 0.714
4.69+0.37 4.64 +0.49 4.86+0.53 <0.001
224+11.35 22.57 +6.97 15.65 +8.00 0.665
20.20 +8.94 18.78 £5.12 17.34+6.03 0.354
12.64 +30.14 56+1.5 6.77 £ 1.68 0.493
7130+ 6.5 69.15 +6.71 69.32 +6.03 0.572
40.30+4.03 39.05+5.77 37.40+4.08 0.045
9.65 £ 0.54 9.38+0.71 9.06 +0.79 0.003
3.68 £0.50 349+0.49 4.01+094 0.001
203.80 + 54.34 183.00 £ 36.13 196.44 £ 56.15 0.345
196.00 £ 96.03  201.57 £125.93 206.28 + 133.41 0.050
120.11 £ 41.17 103.84 + 27.89 121.43 £ 46.34 0.165
48.80 + 23.08 41.05+10.76 39.88 + 10.65 0.015
820+ 1.75 9.08 +£2.22 7.94+2.13 <0.001
13.21+£1.76 13.08 £ 1.93 12.02+£1.33 <0.001
37.69+9.18 36.07 + 3471 +3.92 <0.001
280.15 + 74.96 257.31+70.80 266.08 + 100.24 0.123
8.66 +2.32 9.15+2.38 8.72+1.86 <0.001
10547 +84.64  693.04 + 541.94 2176.00 +2118.6 <0.001
3.78+1.90 492 +1.81 52+13 <0.001
8.22 £4.56 12.24 +9.98 8.53+7.28
6.7 (5.6-10.4) 8.3(5.5-13.1) 7.1(5.1-10.8) <0.001

Cr: Creatinine, GFR: Glomerular filtration rate, ALT: Alanine aminotransferase, AST: Aspartate transaminase, LDL: Low density lipoprotein, HDL: High density
lipoprotein, Hb: Hemoglobin, HbA1c: Hemoglobin A1C, HOMA-IR: Homeostatic model assessment for insulin resistance-insulin resistance. Presented as mean

+ standard deviation.

*Group 1: Healthy control, Group 2: <30 mg/day albuminuria, Group 3: 30-300 mg/day albuminuria, Group 4: >300 mg/day albuminuria, Group 5: >300 mg/

day albuminuria, high creatinine
**p< 0.05: Accepted as statistically significant.
***Mean + standard deviation presented as median (IQR).

Overall, according to a meta-analysis of thirteen matched
case-control studies involving 1735 T2DM patients, serum
irisin levels have been found to be significantly lower in
patients with microalbuminuria (10 studies) compared to
T2DM patients with normoalbuminuria. In addition, serum
levels of irisin in T2DM patients with macroalbuminuria have
been found to be significantly lower than those with micro-
albuminuria (10 studies). In addition, serum irisin level has
been found to be lower in patients with 1.73 m? GFR< 60 mL/
min compared to patients with 1.73 m? GFR> 60 mL/min

(four studies). These studies show that serum irisin level may
be associated with albuminuria and decreased GFR in T2DM
patients (52). In our study, a negative correlation was found
between irisin and GFR.

In some studies, the protective effect of irisin on the renal
system has been evaluated. Irisin inhibits inflammation and
apoptosis in HK-2 cells treated with lipopolysaccharide, sug-
gesting that the anti-inflammatory effect of irisin contributes
to its potential renal protective effect (53). The potential
protective efficacy of irisin against acute kidney injury
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induced by ischemia reperfusion has been demonstrated in
another study (54).

Future studies are needed to determine the potential
independent relationship between irisin and DN. In addition,
the longitudinal relationship between decreased irisin and
the incidence of DN in T2DM patients should be determined
in prospective cohort studies (49).

Although it seems premature to evaluate the benefit of
irisin as a therapeutic agent against obesity or T2DM, it has
been emphasized in a study that it should be the main
research target for the near future (26).

There are also weaknesses of our study; one of them is
that the mean ages between the control and study groups
were not similar. In addition, due to patients who should be
excluded, the number of patients in the study groups dif-
fered from those in the control group. The other is the weak
correlation between serum irisin level and other compared
parameters. Irisin is secreted in many tissues and organs in
the body (heart, ovary, testis, stomach, neuronal cells, mus-
cle and adipose tissue), and the effect of these tissues and
organs on serum irisin levels in diabetic patients could not
be predicted in our study.

CONCLUSION

This study showed that there were significant differences
in serum irisin levels between healthy individuals and patients
with DN. It is demonstrated that irisin can be used as a guide
in order to guide the diagnosis, especially in the early stage
of renal complications of diabetes. It is seen that more comp-
rehensive studies are needed to reveal the low level of irisin
and to evaluate the irisin level with close follow-up, especially
during the period of hyperfiltration and hypertrophy in stage
1 nephropathy, when quality of life does not decrease.
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