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Abstract

Background Irisin is a precious hormone-like myokine that plays a key role in glucose/energy expenditure and metabolic
regulation This paper aimed to determine the irisin levels in patients with type 1 diabetes mellitus and their correlation with
insulin therapy and glycaemic control.

Methods Ninety type 1 diabetes mellitus patients were collected. The patients were subdivided into two groups: group I (37)
newly diagnosed type 1 diabetes mellitus and group II (53) TIDM (on insulin injection); for comparison, 30 healthy individu-
als were included as control. The serum levels of irisin were estimated using ELISA. FSG and lipid profile were measured
through spectrophotometrically. Glycated hemoglobin was determined using High-performance liquid chromatography.
Result Serum levels of irisin were significantly lower (P=0.01), as compared to the control group. Also irisin level was
significantly lower in group I compared to group II. Fasting serum glucose, glycated hemoglobin, and lipid profile were sig-
nificantly elevated in patient groups compared to the control group. Serum irisin was negatively correlated to fasting serum
glucose, and glycated hemoglobin, whereas it positively correlated to serum lipid profile. In multiple stepwise regression,
only glycated hemoglobin (f= —0.600, P =0.040) was determined as an independent predictor for predicting the irisin levels.
The AUC was excellent (AUC=0.996, P=0.0001), with high diagnostic accuracy (88.2) in differentiating newly diagnosed
type 1 diabetes mellitus from the healthy subject group.

Conclusion We demonstrated low irisin levels in type 1 diabetes mellitus and the association of the highest irisin amounts to
an insulin therapy and a better glycaemic control. Furthermore, the measurement of irisin levels could be useful as laboratory
markers to monitor type 1 diabetes mellitus severity and therapy response.

Keywords Glycaemic control - Insulin therapy - Irisin - Newly diagnosed - Type 1 diabetes mellitus

Abbreviations HDL High-density lipoprotein
TIDM Type 1 diabetes mellitus LDL Low density lipoprotein
FSG Fasting blood sugar ROC Receiver operating characteristic curve
HbAlc Glycated hemoglobin TC Total cholesterol
BMI Body mass index TG Triglyceride
VLDL  Very low-density lipoprotein
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continue, the total prevalence of people with type 1 diabetes
will increase in the coming years [5].

Irisin is a recently identified hormone derived from
the fibronectin type III domain-containing (FNDCS5) gene
that is released mainly from skeletal muscle after exercise
or exposure to cold [6] and plays a key regulatory role in
browning of white adipose tissue [7]. Irisin has a role in
glucose/energy expenditure and metabolic regulation [8],
which would be of importance for patients with TIDM.
Several studies were held out to investigate irisin’s role in
glucose metabolism; however, they ended up with contro-
versial results [9, 10]. Whereas irisin has beneficial effects
in rodents, data in humans are insufficient so far to evaluate
its metabolic effects and association with metabolic disease.
Thus, few data suggest that irisin is associated with insu-
lin sensitivity and a new onset of T2DM [9, 11]. To our
knowledge, no extensive research on patients with newly
diagnosed (without treatment) and irisin levels have been
done. It is crucial to figure out if irisin can be utilized as a
supplement in the diagnosis and treatment of TIDM. The
goal of this study was to clarify the association between
serum irisin levels and TIDM by comparing the levels of
irisin in patients with newly diagnosed (without treatment),
insulin requirement T1 DM patients, and healthy people.

Materials and methods
Inclusion criteria
Diabetic patients

A total of 90 patients were included in this study (43

females, 47 males), age range (18—40 years), and they

were seen from Aug 2023 till Dec 2023 at the National

Endocrinology and Diabetes Center in, AL-Mustan-

siriya University; patients were divided into two groups

according to there treatment:

(A) Newly diagnosed (T1DM) without treatment patients (GI):

A group of 37 patients ranging from 18 to 35 years

mean (21.10+3.74) were 14 females (37.8%) and 23
males (62.2%), were primarily diabetics, and were not
receiving treatment of insulin injections.

(B) Insulin requirement (IR) patients (GII):

A group of 53 patients ranging from 18 to 40 years

mean (28.33 +6.94) were 29 females (54.7%) and 24
males (45.3%), were primarily diabetics, and were treated
with insulin injections. The medical history of the patient
was of prime consideration in the selection questionnaire.
Each patient was defined according to the presence of at
least two of the following criteria: (1) significant keton
urea, (2) insulin treatment initiated after diagnosis, (3)
weight below the ideal weight for the same sex and age.
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Healthy control (HC) A group of 30 subjects matched for age
and sex served as healthy control was 13 (43.3%) females and
17 (56.7%) males age range (18-40)years. None of them was
diabetic, according to laboratory findings of FSG value <98 mg/
who were considered as control. All of them had a negative fam-
ily history of DM and a negative drug history regarding DM.

Exclusion criteria Pregnant female patients with diabetic
complications and patients with mixed treatment (insulin
and antidiabetic agents).

Blood collection Venous blood samples were aspirated fol-
lowing a 12-h fasting into plain tubes and centrifuged to
obtain serum for the measurement of serum irisin level in
the fasting state as well as other biochemical tests Another
blood sample was aspirated into Hebrenized tube for the
measurement of HbAlc.

Estimation of irisin

Serum irisin was estimated by quantitative sandwich enzyme
immunoassay technique, using the kit supplied by Cusabio,
China. The methods depend on pre-coating the microplate with
ards were added to the tests and then bounded occurred when
irisin was present in the samples by the immobilized antibody.
Later on, unbound substances were removed; the specific con-
jugated antibody for irisin was added to the samples. Horserad-
ish peroxidase was added to the samples after the washing pro-
cess was performed. The next washing process was applied to
remove the unbound enzyme reagent, and the end product color
was developed after substrate solution addition. The intensity
of the color was determined after stopping color development.

Determination of diabetic-related parameters

The enzymatic colorimetric method was used for serum glu-
cose determination using the kit supplied by Bio System,
Spain. Serum triglyceride was determined using enzymatic
colorimetric reaction according to the Fassati and Prencipe
method [12], using the kit supplied by Spinreact, Spain.
Serum total cholesterol was estimated using the enzymatic
colorimetric method [13], utilizing the kit provided by Spin-
react, Spain. Serum HDL was determined as well [14]. While
HbAlc was determined using Bio-Rad VARIANT Hemo-
globin Alc programmer. The principle was similar to that
chromatography “ion—exchange high-performance liquid
chromatography (HPLC),” sodium phosphate buffer pH 5.9
has been used as elution buffer 1, and pH 5.6 was used as
elution buffer 2. The whole blood primer was a human red
blood cell hemolysate. The washing solution was deionized
distilled water. The hemolysis reagent that was used was cit-
rate solution. For the calibrator, hemoglobin-Alc was used.
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Ethical approval

The studies have been approved by the Committee of the
University of Diyala College of Science for Women and have
been performed in accordance with the ethical standard as

laid down in the 1964 Declaration of Helsinki statement
and its later corrections or comparable ethical standards,
also according to the ministry of Iraqi health protocols.
Informed consent was obtained from all individual partici-

pants included in the study.

Table 1 Clinical data in patients

X X X Parameters GI: n=37 GII: N=53 Control group: N=30 P-value
having (.11abetes mellitus (GI Mean + SD Mean + SD Mean + SD
newly diagnosed DM, GII
DM with insulin therapy) and Family history Positive, n (%) 15 (40.5%) 11 (20.8%) 0.042
control group . ¥
Negative, n (%) 22 (59.5%) 42 (79.2%) S
Age (years) 21.10+3.74 28.33+6.94 23.66+5.53 0.071
a
NS
Male, n (%) 23 (62.2%) 24 (45.3%) 17 (56.7%) 0.263
¥
NS
Female, n (%) 14 (37.8%) 29 (54.7%) 13 (43.3%) 0.263
Male-to-female ratio 1.64: 1 1:1.2 1.31: 1 ¥
NS
BMI (Kg/m?) 2535+1.82 25.37+3.33 25.17+4.38 0.876
a
NS
FSG 342.86+90.56"C 264.33+107.82% 92.68+5.73 >0.001
a
HS
Glycated hemoglobin (HbAlc %) 10.92+2.52°¢  9.37+149°8 4.77+0.16 >0.001
a
HS
TG 112.43+26.7°C  155.52+37.27  1452+13.2 0.010
S
TC 157.43+24.49%C 184.60+36.755  106.49+23.0 >0.001
a
HS
LDL-C 87.32+20.494C  109.67+21.69% 35.73+12.14 >0.001
a
HS
HDL-C 4756+13.86"  45.84+11.12 41.88+3.74 0.099
NS
VLDL-C 2245+4.17°¢  31.92+6.2 29.14+2.64 0.01
a
S
Blood urea (mg/dl) 25.81+5.31% 26.52+6.938 21.95+3.72 0.035
a
S
Serum creatinine (mg/dl) 0.589+0.137 0.643+0.157 0.526+0.151 0.071
a
NS

n number of cases, SD standard deviation, * independent samples -test, NS not significant at P <0.05, S

significant at P <0.05

The letter (A) represents the difference between the control group and GI (newly diagnosed DM)

The letter (B) represents the difference between the control group and GII (DM with insulin therapy)

The letter (C) represents the difference between GI versus GII
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Statistical analysis

A Statistical analysis program (SPSS 25) was utilized for
analyzing the results. The normal distribution test was
performed for the variables in this study. The General
descriptive statistic was used to describe the main find-
ings; the one-way analysis of variance test was used to
compare groups. An independent 7-test was used also.
The correlation was done using Spearman correlation.
Multiple regression models were used to study the inde-
pendent and net effect of a set of independent (explana-
tory) variables on the response (dependent or outcome)
variable. Also, the receiver operating characteristic curve
(ROC) analysis was done to identify the cutoff value for
the parameters.

Results

Biochemical and anthropometric characteristics
of the study population

Biochemical and anthropometric characteristics of the study
population are illustrated in (Table 1). Statistically, no sig-
nificant differences appeared between studying groups for
age and BMI, and biochemical parameters showed a sig-
nificant increase in the newly diagnosed diabetic group as
a comparison with the control group except for HDL-C
and serum creatinine are non-significance, while TG and
VLDL-C show a significant decrease in the newly diagnosed
diabetic patient as a compared with the control group. TG,
TC, FSG, HbAlc, and LDL-C showed significant differ-
ences between patient groups, while blood urea and serum
creatinine showed non-significant differences between the
two patient groups.

The irisin for the studied groups

Table 2 showed that irisin levels decreased significantly in
the two diabetic groups as compared with the control group,

Table 2 Mean + SD value of Irisin for the studied groups

Characteristic GI GII
n=37 n=>53

Control subjects P
n=30

Serum Irisin
Mean +SD
Range

425+1.42% 539+2.04% 11.19+2.02
1.79-7.35  2.07-10.71 6.31-16.45

0.001

a

The letter (A) indicates significant differences between GI and control
subjects

The letter (B) indicates significant differences between GII and con-
trol subjects
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while serum irisin levels showed no significant differences
in the G II diabetic group as compared with the GI group.

Serum irisin in patients having T1DM divided
according to male and female

Table 3 shows the effect of gender on irisin in studied
groups. The results show a higher mean value of irisin has
been observed in males as compared to females in GI (newly
diagnosed DM), but the level of irisin showed no statisti-
cally significant differences among both sexes for DM with
insulin therapy.

Correlation analysis of parameters associated
with serum irisin level in the study subjects

We investigated the relationship between irisin level and
various other parameters in the patients’ group (Table 4).
Serum irisin was positively correlated with TG, TC,
VLDL-C, and LDL-C. Irisin was negatively correlated
with FSG and HbAlc (Table 4). We then performed a
multiple stepwise regression to determine variables that
had independent associations with serum irisin. The results
showed that only total HbAlc was an independent predic-
tor of the levels of irisin (Table 4). In the control group,
serum irisin was positively correlated with triglyceride and
VLDL-C only. We performed a multiple stepwise regres-
sion to determine variables that had independent associa-
tions with serum irisin. The results showed that triglyc-
erides and VLDL-C were independent predictors of the
levels of irisin (Table 4).

Receiver operator characteristic (ROC) curve analysis

To evaluate the Irisin cutoff value as well as to predict
the newly diagnosed DM as diagnostic tests or adjuvant
diagnostic tests, receiver operator characteristic (ROC)
curve analysis was carried out and the results are shown in
Table 5, and Fig 1. The Irisin cutoff value was > 7.02 with
sensitivity, specificity, accuracy positive predictive value
(PPV), negative predictive value (NPV), and Area under

Table3 The significant levels of serum irisin in patients having
T1DM divided according to male and female

Parameter Male Female P
Serum irisin in GI 4.41+1.38 3.98+1.51 0.381
a
S
Serum irisin in GII 5.52+2.28 5.46+2.11 0.674
a
NS

n number of cases, SD standard deviation, * independent samples

t-test, NS not significant at P <0.05, S significant at P <0.05
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Table 4 Correlation analysis
of parameters associated with
serum irisin level in the study
subjects

Parameters Simple Multiple regression

Patients Control Patients Control

r P r P 3 P /] P
BMI 0.126 0.470 0.04 0.99 - - - -
FSG —0.466 0.004* 0.03 0.55 - - - -
HbAlc —0.269 0.019 0.098 0.608 —0.600 0.040 - -
Triglycerides 0.410 0.012%* 0.457" 0.011 - 2.885 0.009
Cholesterol 0.521 0.001* 0.298 0.110 - - - -
VLDL-C 0.391 0.017* 0.457" 0.011 - - 2.222 0.036
LDL-C 0.547 0.001* 0.265 0.156 - - - -
HDL-C -0.047 0.787 0.136- 0.473 - - - -
Urea 0.209 0.214 0.017- 0.928 - - - -
Creatinine 0.055 0.745 0.150- 0.430 - - - -

curve of 97.3 %, 96.7 %,88.2% 97.3 %, 96.7% and 0.996

(0.989- 1.000) respectively.

The present results indicate irisin is considered an
excellent diagnostic marker. To evaluate the Irisin cutoff
value as well as to predict the GII (DM with insulin ther-
apy) as diagnostic tests or adjuvant diagnostic tests, ROC

Fig. 1 Receiver operator charac-
teristic curve analysis for the
calculation of irisin possible
diagnostic cutoff value

curve analysis was carried out, and the results are shown
in Table 6 and Fig. 2. The Irisin cutoff value was > 8.74
with sensitivity, specificity, accuracy, positive predictive
value (PPV), negative predictive value (NPV), and area
under curve of 94.3%, 96.7%, 83.6%, 98.0%, 90.6%, and

0.809 (0.936-1.000), respectively.
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Table 5 Sensitivity and specificity of irisin level (>7.02-fold) in
newly diagnosed DM

Irisin level Newly diagnosed DM Control
(fold) n=37 n=30
>7.02 36 (%) 1 (%)
<7.02 1 (%) 29 (%)
Sensitivity % 97.3%

Specificity % 96.7%

Accuracy % 88.2%

PPV % 97.3%

NPV % 96.7%

AUC (95% CI) 0.996 (0.989-1.000)

CI confidence interval, AUC area under curve, NPV negative predic-
tive value, PPV positive predictive value

Discussion

The most important finding of our study was that serum
irisin levels were decreased in subjects with TIDM in
comparison with healthy controls. In addition, among
subjects with T1DM, elevated irisin levels are closely
related to better insulin therapy and improved glycemic
control. Consistently, TIDM patients on insulin injec-
tions showed higher irisin levels than patients without
treatments. Irisin is a peptide hormone cleaved from
FNDCS5, which can be released into the circulation [15].
Since its discovery, irisin has been found to be associated
with various diseases, including metabolic diseases and
cancers [16]. Recently, it has been reported that irisin
promoted insulin synthesis as well as glucose-stimulated
insulin secretion [17]. In addition, irisin overexpression
improved insulin sensitivity in mice while decreas-
ing hyperlipidemia and hyperglycemia [18], suggest-
ing that irisin could have a key role in diabetes man-
agement. Some studies evaluated irisin levels between
patients with TIDM and healthy individuals and revealed

Table 6 Sensitivity and specificity of irisin level (>8.74-fold) DM
with insulin therapy

Irisin level DM with insulin therapy Control
(fold) n=>53 n=30
>8.74 47 (%) 1 (%)
<8.74 6 (%) 29 (%)
Sensitivity % 94.3%

Specificity % 96.7%

Accuracy 83.6%

PPV % 98.0%

NPV % 90.6%

AUC (95% CI) 0.809 (0.936-1.000)

CI confidence interval, AUC area under curve, NPV negative predic-
tive value, PPV positive predictive value
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contrasting outcomes as compared to those of our study
[19, 20]. According to our findings in all groups, females
showed a decrease in irisin levels compared to males.
The result found a significant difference in irisin levels
between males and females in patients without insulin
therapy group. But no significant difference in irisin lev-
els at the two genders in the treatments diabetic patient
group. Some studies suggest that sex differences in the
adiposity distribution play a role in the different cardio-
metabolic risks of men and women [21], but an exact role
for irisin in this issue would need future studies. Being a
product of the skeletal muscle is not strange that serum
irisin levels are different between sexes; this may be due
to that women have much less skeletal muscle mass [22],
and their irisin values are lower than those of men. This
means that treatment with insulin injection is more effec-
tive in males than in females.

Furthermore, our study revealed that serum irisin levels
are inversely linked with HbAlc. Studies conducted with
patients with T1DM and metabolic syndrome have not been
interpreted these relation. HbAlc is an indirect indicator of
hyperglycemia, suggesting that the elevated myokine levels
“predicted” a better metabolic control in these patients [19,
23]. Although these data are in contrast with Ates’s results
that found a positive correlation between plasma irisin levels
with HbAc, it could be due to the different cohort of T1IDM
patients tested as well as to the different ELISA kit used
to measure the myokine concentration [20]. In the current
study, serum irisin levels showed a highly predictive fac-
tor for screening type 1 diabetes. Thus, the measurement of
irisin serum levels could represent a suitable tool to simulta-
neously monitor glycaemic in T1DM patients. Furthermore,
the measurement of serum irisin levels could also be use-
ful as a laboratory marker to monitor T1DM severity and
therapy response.

This study has also some strengths, the first step was
to age-match the three groups. Second, newly diagnosed
T1DM patients were included, the majority of whom did
not have access to insulin injections. Third, patients with
T1DM were only given one type of treatment. In addi-
tion, the patients were divided into subgroups depending
on the duration of the disease. Finally, participants were
randomly selected from the general population under nor-
mal living conditions. Also, several limitations are as fol-
lows: firstly, our sample size was limited patients in one
institution, and undoubtedly, our findings will need to be
validated in a larger population and multiple institutions.
Secondly, we did not correlate serum irisin levels with
other TIDM biomarkers such as autoantibodies, due to
the lack of availability of these data. Finally, the response
of serum irisin to insulin treatment and whether serum
irisin-guided therapy can achieve additional benefits for
insulin patients are unclear.
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Fig.2 Receiver operator charac-
teristic curve analysis for the ROC Curve
calculation of irisin possible 1.0
diagnostic cutoff value
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Conclusions

Lower irisin levels were determined in T1DM patients
compared to the control group. The association of the
highest irisin amounts to an insulin therapy and a better
glycaemic control. This may suggest that insulin therapy
can be effective in the synthesis of irisin. Furthermore,
the measurement of serum irisin levels could also be
useful as a laboratory marker to monitor TIDM severity
and therapy response. Future direction studies on serum
irisin-guided therapy can achieve additional benefits for
TIDM patients.
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