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Relationship between serum irisin levels and renal function in
patients with type 2 diabetes mellitus

Abstract

Background: lIrisin, a myokine implicated in metabolic hemostasis, have been
investigated in relation to type 2 diabetes mellitus (T2DM), yet findings on its serum
levels and association with diabetic complications such as nephropathy remain
inconsistent. This study aimed to assess the relationship between serum irisin levels and
renal function in T2DM patients.

Methods: A cross-sectional study was conducted involving 140 individuals diagnosed
with T2DM. Demographic, anthropometric, and clinical data were recorded. Fasting
blood samples were collected to determine serum irisin levels using the ELISA method.
Additional biochemical measurements included fasting blood glucose, creatinine, HDL,
LDL, triglycerides, HbAlc, and urinary albumin. Correlations between irisin levels and
these parameters were analyzed. Patients were divided into two groups based on
glomerular filtration rate (GFR) and albumin-to-creatinine ratio (ACR) to assess
associations between irisin levels and renal function.

Results: No statistically significant difference in serum irisin levels was observed
between patients with reduced renal function (GFR<60) and those with GFR>60
(10.45£6.54 vs. 13.32+10.59 ng/ml, P=0.08). In stratified analysis by ACR, patients
with nephropathy displayed a non-significantly lower irisin level than those without
(11.70£8.18 vs. 13.38+11.51, P=0.33). Serum irisin showed no significant correlations
with FBS (P=0.05), insulin (P=0.06), LDL (P=0.96), HDL (P=0.61), or BMI (P=0.42).
Conclusion: Lower irisin levels in T2DM patients with reduced renal function or
nephropathy may indicate a potential role for irisin in diabetic renal disease progression.
Serum irisin could serve as a prognostic biomarker for diabetic nephropathy pending
further validation.
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Diabetes is a chronic, metabolic disease characterized by abnormal glucose
homeostasis, impaired lipid and protein metabolism (1). The chronic hyperglycemia in
diabetic patients predisposes them to long-term complications such as cardiovascular
disease, nerve damage, diabetic retinopathy, diabetic foot/lower limb amputation,
diabetic nephropathy/kidney failure, and etc. (2, 3). Among these, diabetic nephropathy
stands out as a common complication of T2DM and is the primary reason for end-stage
renal disease (ESRD) (4). Early detection of diabetic nephropathy provides a unique
opportunity for appropriate interventions to prevent or reduce further adverse outcomes.
Diabetic nephropathy is routinely diagnosed by measuring the rates of albumin
excretion (AER) and glomerular filtration (GFR). Although these two criteria are widely
being used for detection and staging of nephropathy in diabetic patients, they have some
limitations in accuracy (5).
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Some patients with lack of albuminuria have been
reported with some degrees of renal nephropathy, while
some other cases with microalbuminuria have shown
normal renal function. To overcome the incompatibility of
conventional markers, ongoing efforts have been focused on
the identification and potential application of novel
biomarkers for the early detection and management of
diabetic nephropathy (6). A growing body of evidence have
reported various inflammatory, metabolic and/or oxidative
biomarkers originated from urine or serum may be more
accurate for evaluating the renal function in diabetic
patients (7).

Among these metabolic factors, irisin as a novel
polypeptide hormone secreted from muscle and adipose
tissue, has been shown to be involved in energy homeostasis
and insulin sensitivity (8). Animal interventional studies
have reported a potential role for irisin in preventing obesity
and diabetes in animal models (9, 10). Data regarding the
serum irisin levels in T2DM patients are controversial.
Some previous studies have reported elevated levels of
irisin in T2DM patients than those in healthy controls (11-
13) while, in other studies a significant reduction has been
reported (14, 15). Although, many studies have well-
established the altered levels of irisin in diabetes, few
studies have assessed the relationship of serum irisin levels
and nephropathy in patients with T2DM (13). In view of the
above conditions, this study was conducted to compare the
irisin concentration in T2DM patients with normal and
abnormal renal function and also to explore the potential
prognostic value of irisin in diabetic nephropathy.

Methods

Subjects: In this cross-sectional study conducted from 2018
to 2020, we enrolled 140 T2DM patients aged between 25
and 65 years, comprising 55 males and 85 females, from the
endocrinology clinics of Mashhad University of Medical
Sciences. All patients were diagnosed according to the
American Diabetic Association criteria, which includes
fasting plasma glucose (FBS) levels >126 mg/dL, HbAlc
levels >6.5%, or random plasma glucose levels >200 mg/dL
in a patients exhibiting symptoms of hyperglycemia (16).
Patients with acute renal failure not caused by diabetes, end-
stage renal disease, liver disease, a history of polycystic
kidney disease, evidence of active infection and sepsis, as
well as professional athletes and patients who have done
heavy exercise during the 9 days before sampling were
excluded from the study. The research protocol was
approved by Research Ethics Committee of Mashhad
University of Medical Sciences under the code

IR.MUMS.fm.REC.1397.344. Following the signing of the
informed consent form, each patient underwent a
comprehensive clinical examination and fasting blood
sampling. Using an appropriate checklist, all data including
demographic characteristics (age, gender, education,
occupation), past medical history (the age of diabetes,
duration of disease), family history of diabetes, symptoms
of cardiovascular disease (chest pain or shortness of breath
during activity), and anthropometrics (height, weight, waist,
systolic and diastolic blood pressure) were collected from
each patient.
Biochemical measurements: A 5 mL venous blood sample
was collected from each patient in the morning after fasting
for at least 12 h. About 2 mL of whole blood was used to
measure the glycosylated hemoglobin (HbA1c¢) levels using
cation-exchange column chromatography on an automatic
analyzer. Using centrifugation-based methods, serum was
extracted from the rest of the whole blood and stored at —80
°C until analysis. Biochemical parameters including
triglyceride (TG), total cholesterol (TC), high-density
lipoprotein (HDL), low-density lipoprotein (LDL), serum
creatinine and wurea were measured according to
international standard procedures. Glucose oxidase
procedure was applied to measure fasting blood glucose
(FBG). About 2 mL of random morning urine sample was
used to estimate microalbuminuria by nephalometer.
Insulin levels were measured with a Siemens kit by
quantitative luminescence method. Insulin resistance index
(HOMA-IR) was calculated based on the following
formula, HOMA-IR =INSULIN (pu/ml) x FBS
mmol/l/22.5. Serum irisin levels of all patients were
quantified in ng/ml by an enzyme-linked immunosorbent
assay (ELISA) method based on the manufacturer’s
instructions (ELISA kit, Shanghai Crystal day Biotech Co.,
Ltd, China). Estimated glomerular filtration rate (¢GFR), as
a patient’s renal function index, was estimated by MDRD
formula, then all patients were categorized into two groups
accordingly; 15<eGFR<60 referred to individuals with
reduced renal function and eGFR> 60 as their controls.
Subjects were also divided into two groups based on the
urine albumin to creatinine ratio (ACR). Accordingly,
patients with ACR>30mg/g were assigned as diabetic
nephropathy and those with ACR<30mg/g were defined
without nephropathy.
Statistical analysis: All statistical analyses were performed
on IBM SPSS Statistics 22 software and a p- value less than
0.05 was set as significant level. Quantitative variables were
expressed as mean+SD and frequency with percentage were
used for qualitative ones. Between-group comparisons were
performed using independent student’s t test and ANOVA
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(for normally distributed variables) or Mann-Whitney test
and Kruskal-Wallis (if non-parametric variables) for
quantitative variables while chi-square test was used for
qualitative variables. Pearson’s correlation coefficients
were calculated to assess any significant correlation
between serum irisin levels and metabolic parameters.
Logistic regression was performed to assess the association
of irisin with odds of reduced renal function and
nephropathy. Receiver operating characteristic (ROC)
curve was obtained to explore the area under curve (AUC)
and optimum cut-off value for irisin concentration for
distinguishing two groups of patients in each stratified
model.

Results

Patients characteristics: Demographic, clinical, and
laboratory characteristics of 140 T2DM patients stratified
by renal function (54 cases with eGFR<60 and 86 cases with
eGFR>60) and diabetic nephropathy (43 cases with
ACR>30mg/g and 97 cases with ACR<30mg/g) are
summarized in table 1. Subjects with reduced renal function
were significantly older (56.79+6.81 vs. 53.8948.34 years,
P=0.03) and had lower values for waist circumference
(99.76+9.8 vs. 102.02+9.82 cm, P=0.02) than their control
group.

No significant difference was observed in gender
distribution, BMI, weight, height, diabetes duration, and
systolic and diastolic blood pressure in both groups. No
significant differences were also found for FBS, HbAlc,
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(P=0.07) concentration between two groups of patients.
However, as expected blood urea (36.40+10.06 vs.
26.74+8.50, P=0.02), and creatinine (1.27+0.25 wvs.
0.89+0.19, P=0.001) were significantly higher in patients
with reduced renal function. Consistently, when the patients
were stratified based on diabetic nephropathy, no significant
differences were found in all aforementioned variables
between diabetic patients with and without nephropathy.
Serum irisin concentration: The data regarding the serum
irisin levels in four study groups of diabetic patients is listed
in table 1 and figure 1. Mean irisin level was lower in
patients with reduced renal function compared with their
controls (10.45+6.54 vs 13.32+£10.59 ng/ml). However, this
difference was statistically non-significant (P=0.08) (figure
la). In stratified analysis by nephropathy, diabetic patients
with nephropathy showed a non-significant lower irisin
level than those without (11.70+8.18 ng/ml vs 13.38+11.51,
P=0.33) (figure 1b).

The association of serum irisin concentrations with
renal function and diabetic nephropathy: The clinical
value of serum irisin level in predicting the renal function
and diabetic nephropathy was evaluated using logistic
regression analysis both in crude and adjusted models for
age and gender variables. The adjusted odds ratios (ORs)
with associated 95% confidence intervals (Cls) revealed
that serum irisin levels were not significantly associated
with the risk of reduced renal function (OR = 1.04, 95% CI
=0.99-1.09, p=0.086), as well as diabetic nephropathy (OR
=1.02, 95% CI = 0.98-1.06, P =0.297).

304

p=0.33
1

20 1

104

04

Yes Mo

Diabetic nephropathy
b)

Figure 1. Serum irisin levels in diabetic patients; a) with and without reduced renal failure, and b) with and

without nephropathy

Correlation between serum irisin levels and clinical
parameters in diabetic patients: The data regarding the
correlation analysis between serum Irisin levels and various
demographic, metabolic parameters, as well as different
indices of diabetic nephropathy such as age, BMI, insulin,

duration of diabetes, albuminuria, HOMA-IR, creatinine, TG,
TC, urea, HDL, LDL, HbAlc, FBS, systolic and diastolic blood
pressure and GFR are summarized in table 2. As shown, no
significant correlation was observed between serum irisin
levels and all above mentioned variables (p>0.05).
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ROC analyses of irisin levels: To assess whether irisin
levels could be serve as a novel biomarker for distinguishing
diabetic patients with reduced renal function/nephropathy
form those without, a ROC analysis was performed.

The ROC analysis results revealed no evidence of
significant predictive value of irisin levels for reduced renal
function or diabetic nephropathy (AUC=0.568, 95%
CI=0.47-0.68, P=0.173 & AUC=0.531, 95% CI=0.43-0.64,

P=0.565 respectively).

Table 1. Demographic, clinical, and laboratory characteristics of T2DM patients stratified based on eGFR and

Variables

Male
Gender”
Female
Age (years)™
BMI (kg/m?)*
Waist (cm)*™
Height (cm)™
Weight (kg)™

Duration of diabetes (years)™

Systolic blood pressure
(mmHg)
Diastolic blood pressure
(mmHg)

FBS (mg/dl)
HbA1lc (%)
HDL (mg/dl)
LDL (mg/dl)
TG (mg/dl)
TC (mg/dl)
Cr (mg/dl)
Albuminuria (mg/g)
Insulin (pIU/mL)
Urea (mg/dl)
eGFR
HOMA-IR

Irisin (ng/ml)

ACR values.

Reduced renal function

Yes (n=54)
(GFR<60)

19 (35.2)
35 (64.8)
56.79+6.81
28.57+4.57
99.7649.8

160.44+9.77

72.94+9.40
10.48+6.98

123.84+17.39
74.42+10.46

158.35+£56.17

7.83+1.21
46.74+10.60
101.92+26.31

153.30+81.43

151.60+42.62
1.27+0.25

91.68+248.56
13.42+7.80

36.40+10.06
51.82+7.05
5.60+4.12
10.45+6.54

No (n=86)

Diabetic nephropathy

Yes (n=43)

No (n=97)

P-value

(GFR>60) ACR>30mgg ACRS0me/

36 (41.9) 15 (34.9) 40 (412)
0.43 0.48

50 (58.1) 28 (65.1) 57 (58.8)
53.894834 003  5533:7.16 5487823  0.75
28874402 0.69 28524344  2886:458  0.64
1020269082 002 99.62¢1027 101.76£9.65 0.8
IR g ggomumss DALY g
75475980 0.4 73574853  74.90£1021 044
8.49+680 0.0 9093+633  8.97+7.17  0.44
123'71215'9 0.96  126.15+15.11 122'75517'0 0.26
767941087 021 76154870  75.71:11.54 081
171227643 023 1777946403 O0SEOZ g s
8.00£1.67  0.51 820£1.46 782152 0.17
43535916 0.06  46.6049.63  43.89:986  0.14
950063337 0.17 970743295 97.96+30.16 0.8
149'30364'7 074 156.72+87.83 148'3%63'7 0.58
164'68339'4 049  155.46+29.66 166'3%5[42'8 0.34
0.89:0.19  0.001 1.09+0.35 102626 023
3444s8225 011 (OO T 56 0002
10.00£6.75 007 11945698 1078741  0.55
26744850 002 30424932  26.92:9.15 030
795841482 <0.0001  65.4319.16  70.40£17.89  0.15
4324349 0.19 5434396 4431362 033
133241059 008  11.70+8.18 13381151 033

"Chi-square test was used for analysis. “T-test was used for analysis, eGFR is calculated by the abbreviated MDRD equation: 186 x (creatinine/88.4)—1.154
x (age)—0.203 x (0.742 if female) x (1.210 if black). Values are expressed as mean = SD. BMI, Body mass index; FBS, fasting blood sugar; HbAlc, hemoglobin
Alc; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; TC, total cholesterol; Cr, creatinine; ACR,
albumin to creatinine ratio; eGFR, estimated glomerular filtration rate.
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Table 2. Correlation of irisin with demographic, laboratory and clinical data of patients included

Variables r P-value

BMI 0.07 0.42

Age 0.02 0.73

Insulin -0.22 0.06
Duration of diabetes 0.05 0.55
Albuminuria -0.05 0.55
HOMA-IR -0.38 0.76

Cr -0.10 0.21

TG -0.04 0.58

Irisin TC -0.02 0.87
Urea -0.18 0.29

HDL 0.04 0.61

LDL 0.003 0.96

HBAI1C 0.04 0.61

FBS 0.16 0.05

Systolic blood pressure -0.15 0.08
Diastolic blood pressure -0.13 0.11
eGFR 0.02 0.77

r, Correlation coefficient; MBI, Body mass index; Cr, creatinine; TG,
triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; HbAlc, hemoglobin
Alc; FBS, fasting blood sugar; eGFR, estimated glomerular filtration rate.

Discussion

In the present study, serum levels of irisin were not
significantly different between two groups of diabetic
patients based on both eGFR and ACR classification. Also,
no significant correlation was observed between serum
irisin level and various demographic, anthropometric and
metabolic related parameters including, age, BMI, insulin,
duration of diabetes, albuminuria, HOMA-IR, creatinine,
TG, TC, urea, HDL, LDL, HbAlc, FBS, Systolic and
diastolic blood pressure and GFR. According to previous
studies conflicting results from decreased (8, 17-20),
unchanged (21-23), or increased (24-26) serum irisin levels
have reported in patients with type 2 diabetes. These
conflicting data could be attributed to the compensatory
nature of irisin secretion mechanism in response to
decreased energy expenditure and glucose metabolism that
varies regarding the phenotypic features of diabetic patients.
It was proposed that in prediabetes status an initial increase
of irisin happened to regulate energy expenditure, but
prolonged diabetic condition may lead to exhaustion or
habituation in this compensatory mechanism and
subsequent decrease in irisin expression and activity (21,
24). In one cross-sectional study by Magswari et al. it was

shown that serum irisin levels were significantly different
between diabetic patients with and without nephropathy
(13). Irisin levels was significantly higher in diabetic
patients with nephropathy indicating a potential indicator
for assessing the severity of diabetic nephropathy. Recently,
two studies have reported that irisin levels in diabetic
nephropathy have decreased and also shown that there is a
negative relationship between serum irisin and creatinine
and the ratio of albumin to creatinine (19, 27). Our results
were in contradiction with these studies as there is no
significant correlation for irisin and serum creatinine.
Besides, some studies have a negative correlation between
the irisin levels and different stages of chronic kidney
disease (28, 29).

The negative relationship between GFR and irisin levels
indicated that high irisin levels were inversely related to the
severity of diabetic nephropathy. In our study, no significant
differences were observed for irisin levels based on GFR
stratification. This result is in line with some previous
studies. Hu et al. reported that diabetic patients with
macroalbuminuria exhibited significantly lower serum
irisin levels compared to those with normoalbuminuria and
microalbuminuria (15). Although, a poor correlation was
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found between serum irisin levels and FBS in our study, no
significant relationship was seen between insulin and irisin.
This discrepancy could be explained by the regulatory role
of irisin in energy expenditure and glucose metabolism, as,
increased levels of FBS induces initial irisin rises in diabetic
patients to rectify blood sugar through reducing insulin
resistance. In line with this finding, a meta-analysis by Ko
et al. reported a positive correlation between irisin and
insulin resistance in non-diabetic adults (30). However,
similar to the findings of Magswari et al., our study failed
to reveal this significant correlation in patients with diabetic
nephropathy (13). In one study conducted by Mazloum-
Khorasani et al. that examined the irisin levels in two groups
of diabetic patients with and without coronary artery
disease, serum irisin levels were significantly lower in
diabetic patients with coronary artery disease (31). Also, a
significant association was observed regarding the BMI, age
and duration of diabetes, confirming this hypothesis that
serum irisin may be determined by the degree of adiposity
and the differences in irisin levels among similar studies
may be at least partly related to participant’s phenotypic
variables (24).

It should be noted that the current study has some
limitations; first, the relatively small sample size and
subsequent reduced power analysis. Second, due to cross-
sectional design of study, the causal relationship between
irisin and renal function in diabetic patients remain to be
cleared. Further prospective, and interventional studies are
needed to shed light on this relationship. Second, irisn
fluctuation over time was not considered as just fasting
blood was collected. Finally, to avoid any bias in insulin
measurements, patients undergoing insulin therapy and
those with severe renal impairment were not included in this
study. This may lead to an inappropriate assessment of the
relationship between irisin and the various stages of renal
dysfunction. In the present study, non-significant lower
levels of irisin were observed in diabetic patients with
reduced renal function or nephropathy and may be
considered in the progression of diabetic nephropathy and
kidney failure. Serum irisin concentration holds potential as
a prognostic marker for diabetic nephropathy. However,
further studies in different populations are needed to
confirm the results.
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