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Abstract.
BACKGROUND/AIM: The newly described proteins adropin and irisin are a highly conserved polypeptide that plays
essential roles in metabolic and energy homeostasis, insulin resistance, and fat browning. The aim of this study is to evaluate
the circulating levels of serum adropin and irisin in type 2 diabetes mellitus (T2DM) patients and also to elucidate possible
relationships between serum adropin and irisin levels with anthropometric obesity indices and biochemical parameters.
SUBJECTS AND METHODS: Single-center prospective observational study included 90 T2DM patients referred to the
diabetes outpatient clinic. Height, weight, and waist circumference (WC) were measured. Body mass index (BMI) and waist
to height ratio (WHtR) were calculated. Fasting blood glucose, glycosylated hemoglobin, serum lipids, creatinine, urea, and
blood urea nitrogen were evaluated. Estimated glomerular filtration rate (GFR) was calculated, serum adropin and irisin were
evaluated.
RESULTS: The results showed a significant positive correlation between adropin and irisin in females but not in males
(r = 0.311; P = 0.042). In males’ group, serum adropin levels showed significant negative correlation with serum glucose
(–0.423, P = < 0.05), HbA1C (–0.364, P = < 0.05), and GFR (–0.355, P = < 0.05). In contrast, creatinine was showed a
significant positive correlation with adropin in males (0.381, P = < 0.05). In females’ group, adropin showed a signifi-
cant negative correlation with weight (–0.371, P = < 0.05), BMI (–0.349, P = < 0.05), WC (–0.402, P = < 0.01), and WHtR
(–0.398, P = < 0.01). Contrary, in males’ group, serum irisin levels showed significant positive correlation with weight (0.338,
P = < 0.05), BMI (0.332, P = < 0.05), WC (0.409, P = < 0.01), and WHtR (0.432, P = < 0.01).
CONCLUSION: This study demonstrated that, in T2DM patients, circulating serum adrpoin correlated negatively with
anthropometric obesity indices of obesity in females, while serum irisin was positively correlated with anthropometric
obesity indices of obesity in males.
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1. Introduction

Diabetes Mellitus is the most common of all
endocrine disorders, is one of the foremost public
health concerns confronting the world today. The
global statistics of diabetes mellitus in the year 2017
indicated, about 425 million people had this dis-
ease worldwide and will rise to 629 million in 2045
[1]. Type 2 diabetes mellitus (T2DM) makes about
90–95% of all diabetes, the estimated prevalence of
T2DM in Jordan is 9.5% in age 20–79 years and
expected to be 12.5% in 2045 [2].

Adropin and irisin are newly described proteins
that can be an essential component in the pathophysi-
ological pathways of diabetes mellitus, hypertension,
chronic kidney disease, and cardiovascular diseases.
Adropin is a new peptide hormone identified in 2008
by Kumar et al. [3]. The first report on irisin was
published in 2012 by Bostrom [4] both are known as
myokines regulate energy homeostasis and metabolic
processes.

The role of adropin and irisin was investigated
in patients with T2DM, as long-term complica-
tions of diabetes include coronary artery disease,
diabetic retinopathy and impaired renal functions
[5–9].

Various studies on irisin and adropin concentra-
tion in T2DM have shown that lower irisin levels have
been found in patients with T2DM compared to newly
diagnosed or nondiabetic [6, 7, 10, 11]. The level of
adropin changes in different physiological and patho-
physiological conditions. A decreased concentration
of adropin is associated with many diseases such as
insulin resistance associated with obesity and T2DM
[7, 12].

Given the increase in the prevalence of diabetes,
insulin action as a major contributor should be
enhanced; adropin has been recognized as a secreted
peptide that enhances glucose tolerance, oxidative
glucose metabolism, and insulin receptor signaling
in skeletal muscles in diet-induced obese mice [13].
Discussion of T2DM in adults should be aligned with
the main contributor to T2DM, obesity, where almost
88% of people with T2DM are deemed overweight or
obese [14]. An inverse association between adropin
levels and body mass index (BMI) has also been
reported in human studies [12]. The first evidence
indicating a link between adropin, obesity and the
risk of metabolic syndrome in humans was presented
by Butler et al. [15], who reported that low adropin
levels were found in obese patients and weight loss
increased its levels.

Irisin, similar to adropin, as a secreted peptide,
activates white fat’s conversion to brown-like fat,
increases insulin sensitivity, and decreases visceral
fat [4]. Likewise, lower irisin concentrations were
observed in diabetic patients [10]. In a systematic
review, five of the eight studies reported reduced irisin
levels in patients with T2DM [16]. A cross-sectional
showed that serum irisin levels were significantly
reduced in T2DM Egyptian patients than nondia-
betic controls [11]. Likewise, circulating irisin was
significantly lower in individuals with T2DM than
nondiabetic controls [10]. Contrary, many studies
found that irisin is elevated in T2DM [17, 18].

Irisin levels can provide new avenues for control-
ling age-related muscle changes since it’s a potential
biomarker for muscle dysfunction that could portend
the onset of sarcopenia [19]. Irisin levels were studied
in elderly patients with diabetes it was lower than the
control group of healthy subjects with the same gen-
der characteristics and age with a difference of ± 5
years old [20]. On the other hand, serum adropin
concentrations are negatively associated with renal
function. Adropin may be implicated in the patho-
genesis of Diabetic nephropathy development [21].

However, the previously mentioned studies at-
tempt to assess adropin and irisin levels as adipo-
myokines and its relation with anthropometric
obesity indices and biochemical markers in T2DM
patients.

Nevertheless, the relationship between adropin,
irisin, and T2DM has not been studied in Jorda-
nian subjects. Therefore, this study aims to evaluate
the circulating levels of serum adropin and irisin in
T2DM patients and also to elucidate possible rela-
tionships between serum adropin and irisin levels
with anthropometric obesity indices and biochemical
parameters.

2. Materials and methods

2.1. Study design and data collection

This single-center prospective observational study
included 90 T2DM patients referred to the diabetes
outpatient clinic, between October 2019 and Jan-
uary 2020. The data were collected from patients
by structured questionnaire-interviews. A fasting
blood sample was collected to measure glycosylated
hemoglobin (HbA1C) and serum lipids and kidney
function tests. The exclusion criteria included sub-
jects known to have thyroid gland problems, chronic
diseases such as liver cirrhosis, heart problems, and
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subjects who did not agree to participate in the current
study.

All patients were informed about the study’s aims,
procedures, and risks and signed informed consent
prior to inclusion. The study protocol was carried
out following the principles of the Declaration of
Helsinki as revised in 2000. Ethical approval for this
study was obtained from the Ethical Review Board at
Hashemite University (number 5/1/2017/2018).

2.2. Anthropometric measurements

Height was read to the nearest 0.5 cm. A digital
scale with an accuracy of 100 g was used to measure
body weight. Waist circumference (WC) was mea-
sured midway between the lower rib margin and the
iliac crest with plastic tape to the nearest 1 mm. Body
mass index (BMI) (kg/m2), and waist to height ratio
(WHtR) were calculated.

2.3. Biochemical measurements

Venous blood samples were collected from all
subjects after an overnight fast (at least 12 hours).
Fasting serum glucose (FPG) was immediately mea-
sured using the glucose oxidase technique. Blood was
collected in plain tubes, and the blood clotting time
was 30 min. Serum was obtained by low speed cen-
trifugation at 700 RCF for 15 minutes at room temp,
and samples were immediately separated into aliquot
and stored at – 80 ◦C until the time of assay.

Glycosylated hemoglobin A1c (HbA1c) was
measured using cation-exchange column chromatog-
raphy on an automatic analyzer (Bio-Rad Company,
Hercules, California, USA). Serum total choles-
terol (TC) and high-density lipoprotein– cholesterol
(HDL-C) were measured by an enzymatic colori-
metric method using cholesterol oxidase, peroxidase,
and the chromogen 4-aminophenazone/phenol Allain
et al. [22]. Serum triacylglycerols (TAGs) levels were
determined by an enzymatic colorimetric method
using lipoprotein lipase glycerokinase, glycerphosp-
hate oxidase, and the chromogen 4-aminophenazone/
N-ethyl-N (3-sulphopropyl)-nramisidine (Fossati
and Prencipe) [23]. Low-density lipoprotein – choles-
terol (LDL–C) was calculated using Friedwald et al.
[24]. Creatinine levels in blood serum were measured
using Jaffe reaction [25], Photometric Colorimetric
Test for kinetic Measurements, a method without
deproteinization. The creatinine forms in alkaline
solution an orange-red complex with picric acid.
The absorbance of this complex is proportional

to the creatinine concentration in the sample.
The method showed a linear dependence within
a concentration of up to 13 mg/d (1.150�mol/L).
The study adopted the following reference values:
0.6–1.1 mg/dl (53–97�mol/L) and 0.5–0.9 mg/dl
(44–88�mol/L) for men and women, respectively.
The quantitative determination of urea in blood serum
was carried out using the enzymatic colorimetric
method. Urea is hydrolyzed in the presence of water
and urease to produce ammonia and carbon dioxide.
The ammonium ions react with hypochlorite and sal-
icylate to form a green dye. The absorbance increase
at 546 or 578 nm is proportional to the urea concen-
tration in the sample. For reference values, the study
adopted 10–50 mg/dl (1.7–8.3 mmol/L); the method
showed a linear dependence within a concentration
up to 400mg/dl (66.6 mmol/l). Blood urea nitrogen
(BUN) was calculated using the (BUN = 0.47∗ Urea
concentration in serum). The estimated glomerular
filtration rate (GFR) was calculated based on an
equation:

GFR = 175 × standardized Scr –1.154 × age –
0.203 × 1.212 [if African American] × 0.742 [if
female].

However, there is no factor to multiply by for
males, where GFR is expressed as mL/min/1.73 m2
of body surface area and Scr is expressed in mg/dL
[26], which is the most prescribed analyses in med-
ical laboratories to estimate the glomerular filtration
rate.

Serum irisin concentrations were measured using
the enzyme-linked immunosorbent assay (ELISA)
kits (Code No. MBS166617; MyBioSource). This
sandwich ELISA Kit is for quantitative detection
of human irisin. The plate had been precoated with
the human irisin antibody. Irisin present in the sam-
ple was added and bound to antibodies coated on
the wells. And then, biotinylated human irisin Anti-
body was added and attached to irisin in the sample.
Then Streptavidin-HRP was added and bound to
the Biotinylated irisin Antibody. After incubation,
unbound Streptavidin-HRP was washed away during
a washing step. Substrate solution was then added,
and the color was developed in proportion to human
irisin. The reaction was determined by the addition of
acidic stop solution, and absorbance was measured at
450nm. The sensitivity of the assay was 0.095 ng/mL,
and the linear range of the standard was 0.2–60
ng/mL. The intra-and inter-assay coefficients of vari-
ation (CV) were < 8% and < 10%, respectively. Serum
adropin concentrations were measured by using
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the enzyme-linked immunosorbent assay (ELISA)
kits (Code No. MBS2887307; MyBioSource). This
competitive ELISA Kit is for quantitative detec-
tion of human adropin. The microtiter plate had
been pre-coated with an antibody specific to the
target antigen. During the reaction, the sample or
standard’s target antigen competed with an affixed
amount of biotin-labeled target antigen for sites on
a pre-coated antibody specific to the target antigen.
Excess conjugate and unbound samples or standards
were washed from the plate. Next, Avidin conju-
gated to Horseradish Peroxidase (HRP)was added
to each microplate well and incubated. Then the
TMB substrate solution was added to each well.
The enzyme-substrate reaction was determined by
adding a sulphuric acidic stop solution, and the color
change was measured spectrophotometrically at a
wavelength of 450nm. The target antigen concentra-
tion in the sample was then determined by comparing
the O.D. of the samples to the standard curve. The
linear range of the standard was 0.078–5 ng/mL. The
intra-and inter-assay coefficients of variation (CV)
were ≤ 5.6% and ≤ 8.2%, respectively.

2.4. Statistical analyses

Analyses were carried out using Statistical Pack-
age for Social Sciences (SPSS) software (IBM Corp.
Released 2013. IBM SPSS Statistics for Windows,
Version 22.0. Armonk, NY: IBM Corp). To test
whether the underlying distribution was normal, the
Shapiro–Wilk test was used. Continuous variables
were described using means and standard deviations,
and categorical variables were described using per-
centages. A Chi-square test was used to compare
ratios. Parameter differences between sexes were
assessed using an independent samples t-test in cases
of normal data distribution and the Mann–Whitney
U in cases of non-normal data distribution. Spear-
man’s rank correlation coefficient was calculated to
assess the relationship between serum adropin and
irisin and various study variables. A P-value of < 0.05
was considered statistically significant.

3. Results

3.1. Anthropometric and clinical characteristics
the participants

The anthropometric and clinical characteristics of
the participants are summarized in Table 1. All sub-
jects are from the same ethnicity (Jordanian). The

Table 1

Anthropometric and clinical characteristics of T2DM patients

Variable Males Females P-value
(n = 45) (n = 45)

Age (yrs.) 60.7 ± 12.5 60.9 ± 9.3 0.781
Duration of diabetes

(yrs.)
13.4 ± 8.5 12.8 ± 6.9 0.848

Weight (kg) 84.9 ± 13.3 84.0 ± 13.6 0.631
Height (cm) 165.7 ± 14.7 158.7 ± 8.4 < 0.001
WC (cm) 104.0 ± 14.4 106.0 ± 13.5 0.455
WHtR 0.63 ± 0.11 0.66 ± 0.08 0.007
BMI (kg/m2) 32.2 ± 12.6 33.5 ± 5.7 0.008
Glucose (mg/ dL) 205.4 ± 107.8 201.4 ± 101.8 0.947
HbA1c (%) 8.57 ± 1.56 8.94 ± 1.78 0.404
TC (mg/dL) 169.7 ± 53.4 191.8 ± 63.0 0.076
TG (mg/dL) 193.1 ± 74.7 222.5 ± 94.3 0.105
HDL-C (mg/dL) 50.4 ± 7.9 50.3 ± 7.8 0.790
LDL-C (mg/dL) 89.6 ± 49.2 108.9 ± 57.6 0.163
Atherogenic index

log10 (TG/HDL-C)
0.55 ± 0.18 0.60 ± 0.23 0.092

Creatinine (mg/dL) 0.93 ± 0.59 0.72 ± 0.19 0.043
Urea (mg/dL) 56.6 ± 17.2 53.8 ± 20.3 0.583
BUN (mg/dL) 26.6 ± 8.1 25.3 ± 9.5 0.583
GFR (mL/min/

1.73 m2)
91.7 ± 28.9 87.6 ± 16.4 0.195

Adropin (ng/ml) 3.45 ± 0.47 3.50 ± 0.37 0.884
Irisin (ng/ml) 7.88 ± 1.89 8.27 ± 2.3 0.493

Weight, HbA1C, Adropin, eGFR, Urea, BUN, Cholesterol, TG,
HDL, and LDL were tested by independent t-test. Values are pre-
sented as mean ± SD. P-values between genders were statistically
analyzed.

mean WHtR and BMI were higher in the female
group compared to the male group (0.66 vs. 0.63,
P = 0.007; 33.5 kg/m2 vs. 32.2 kg/m2, P = 0.008),
respectively. While the mean height was higher in
the males’ group compared to the females’ group
(165.7 cm vs. 158.7 cm, P < 0.001).

Glycemic, lipid profiles, and kidney function tests
are listed in Table 1. The levels of glucose, HbA1c,
TG, HDL-C, LDL-C, creatinine, urea, and BUN did
not show any differences in both genders. The mean
TC and atherogenic index showed a slight trend
toward significance (P = 0.076, P = 0.092), respec-
tively. Females showed significantly lower levels
of serum creatinine compared to males (P = 0.043).
Table 1 also displayed the mean levels of serum
adropin and irisin in both genders, it showed that there
is no significant difference between both genders.

3.2. Correlation analysis between serum adropin
and irisin levels and anthropometric, and
biochemical parameters

Table 2 illustrated the correlation between serum
adropin and irisin levels and anthropometric and
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biochemical parameters in all patients, it showed that
serum glucose levels were only negatively associated
with adropin levels (p < 0.05).

Table 3. on contrast, demonstrates the correlation
between serum adropin and irisin levels and anthro-
pometric and biochemical parameters in all patients
based on gender. The association of adropin levels
and variable indicators had gender differences existed

Table 2

Correlation analysis between serum adropin and irisin levels and
anthropometric, and biochemical parameters in T2DM patients

(N = 90)

Adropin Irisin

Weight (kg) –0.062 0.075
BMI (kg/m2) –0.043 0.088
WC (cm) –0.183 0.127
WHtR –0.098 0.186
Glucose (mg/dl) –0.303∗ –0.186
HbA1c (%) –0.119 –0.025
TC (mg/dL) –0.037 –0.072
TG (mg/dL) 0.049 0.004
HDL-C (mg/dL) 0.039 –0.134
LDL-C (mg/dL) –0.069 –0.079
Atherogenic index (log10 (TG/HDL-C) 0.064 0.044
Creatinine (mg/ dL) 0.089 –0.090
Urea (mg/ dL) –0.160 –0.084
BUN (mg/ dL) –0.160 –0.084
GFR (mL/min/1.73 m2) –0.089 0.027

Spearman’s rank correlation coefficient. ∗Correlation is significant
at the < 0.05 level (2-tailed).

in participants. In males’ group, serum glucose,
HbA1C, and GFR were showed a significantly neg-
ative correlation with adropin (P < 0.05). In contrast,
creatinine was showed a significant positive corre-
lation with adropin (P < 0.05). In females, adropin
showed a significant negative correlation with weight,
BMI, WC, and WHtR (P < 0.05).

Contrary, irisin was positively correlated with
weight and BMI in males (P < 0.05), also positively
correlated with WC and WHtR (P < 0.01). No corre-
lations were found between irisin and adropin levels
and serum lipid markers.

Furthermore, a separate analysis showed that
adropin and irisin showed a significant positive cor-
relation in females and not in males (r = 0.311;
P = 0.042), as shown in Fig. 1.

4. Discussion

The current study evaluated serum irisin and
adropin levels in T2DM patients and their association
with anthropometric obesity indices and biochemical
markers. The main functions of adropin include reg-
ulating carbohydrate, lipid and protein metabolisms
by regulating insulin release [27]. On the other
hand, irisin regulates adipose tissue metabolism and
glucose homeostasis by converting white to brown
adipose tissue [28]. Valuable insight into the assess-
ment of serum adropin and irisin levels in T2DM

Table 3

Correlation analysis between plasma adropin and irisin levels and anthropometric, and biochemical parameters
in T2DM patients according to gender (N = 90)

Adropin Irisin

Males Females Males Females
(n = 45) (n = 45) (n = 45) (n = 45)

Weight (kg) 0.146 –0.371∗ 0.338∗ –0.261
BMI (kg/m2) 0.204 –0.349∗ 0.332∗ –0.198
WC (cm) 0.036 –0.402∗∗ 0.409∗∗ –0.185
WHtR 0.089 –0.398∗∗ 0.432∗∗ –0.032
Glucose (mg/dl) –0.423* –0.100 –0.019 –0.373
HbA1c (%) –0.364∗ –0.247 –0.013 –0.201
TC (mg/dL) 0.125 0.164 0.090 –0.399
TG (mg/dL) 0.267 –0.227 –0.186 –0.071
HDL-C (mg/dL) –0.080 0.035 –0.204 –0.373
LDL-C (mg/dL) 0.029 0.176 0.055 –0.378
Atherogenic index (log10 (TG/HDL-C) 0.354 –0.254 –0.190 –0.006
Creatinine (mg/ dL) 0.381∗ –0.237 0.050 –0.273
Urea (mg/ dL) 0.047 –0.279 –0.048 –0.178
BUN (mg/ dL) –0.047 –0.279 –0.048 –0.178
GFR (mL/min/1.73 m2) –0.355∗ 0.329 0.069 0.205

Spearman’s rank correlation coefficient. ∗Correlation is significant at the < 0.05 level (2-tailed). ∗∗Correlation is
significant at the < 0.01 level (2-tailed).
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Fig. 1. Relationship between serum irisin and adropin levels in
both males and females groups.

patients as both have an effect on glucose metabolism.
Previous studies, however provide contradictory find-
ings on serum adropin and irisin levels in T2DM
patients.

In the current study, the relationship between
adropin and anthropometric obesity indices was
explored. There was a significant negative correla-
tion between adropin concentration and weight, WC,
WHtR, and BMI in female subjects. The results were
consistent with findings by Zang et al. who reported
that serum adropin level was negatively correlated
with BMI [29]. It is worth stating that adropin is
closely linked to obesity. Adropin levels in human
subjects have been shown to decrease as obesity pro-
gresses. [3, 12]. Furthermore, adropin levels appeared
to increase after bariatric surgery. Similarly, this study
found that the female group’s mean WHtR and BMI
were higher than the male group’s, which may explain
why there was a negative association between anthro-
pometric obesity indices and adropin in the female
group but not in the male group.

Obesity is more prevalent in women than in men.
One explanation for the gender gap in obesity may
be that variations in reproductive hormone concentra-
tions across women’s lives predispose them to excess
weight gain [30]. A change in fat distribution and
storage occurred during the menopausal period, par-
ticularly in the waist and hips area, which may be due
to decreased levels of estrogen and increased levels
of circulating androgens, which resulted in weight
gain, particularly visceral fat [31]. The characteris-
tics of the female participants in this study, such as
age and menopausal status, support the preceding
interpretation.

In this study, the glycemic control of the patients
was classified as poor (HbA1c > 7%) and a significant

negative correlation between adropin and serum glu-
cose was found in all patients. On contrast, the
males’ group showed a significant negative cor-
relation between adropin and serum glucose and
HbA1c. Our findings were in agreement with pre-
vious researches [12, 29, 32]. One possible reason
that adropin plays an important role in maintaining
metabolic homeostasis, increasing glucose utilization
at the expense of fatty acids, improving glucose tol-
erance, and reducing insulin resistance [33].

Irisin was the other myokine examined in this
study, involved in fat metabolism. The association
between irisin and anthropometric obesity indices
was seen only in the males’ group; weight, BMI,
WC, and WHtR showed a significant positive cor-
relation with irisin. The current study results were
consistent with Park et al., who reported a positive
association between irisin and BMI and WC in sub-
jects with metabolic syndrome [34]. Also, Rana et al.
reported that irisin had a positive association with
BMI in T2DM patients [17]. Furthermore, Shoukry
et al. reported that T2DM patients had positive asso-
ciation between irisin and weight, BMI, and WC [11].
The positive correlation between irisin and BMI, WC,
and WHtR in the males’ group could be due to their
muscle mass compared to females’ group. In contrast,
muscle mass was the key predictor for circulating
irisin [11].

Several clinical studies reported a significant
decrease serum irisin levels in T2DM patients [35,
36], despite the fact that the current study didn’t
assess serum irisin levels in T2DM patients and con-
trols. The only research conducted in Jordan reported
a significant decrease in the levels of irisin during
Ramadan compared to prior to Ramadan (33.6 vs.
16.3; P = 0.003) in a group of healthy subjects [37].

The previous studies reported levels of adropin and
irisin in T2DM patients regardless of gender; the pos-
itive or negative correlations were generalized across
the subjects. As described above, both are adipo-
myokines; they are affected by age, menopausal
situation, presence of chronic complications of dia-
betes, body composition, physical activity, and fat
consumption.

Interestingly, a significant positive correlation was
found between adropin and irisin in the females’
group, though there was no significant difference
between their serum levels based on gender. Gender
variation in body composition may be one potential
reason

There were several limitations to our current study.
Firstly, our sample size was relatively small. This
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potentially limited the generalization of our recent
findings. Secondly, it was highly probable that our
observations in T2DM were confounded by vari-
ations in disease duration, diabetic complications.
Thirdly, it is single-center prospective observational
study on T2DM patients and was not compared with
healthy subjects.

Further studies are needed to investigate the rela-
tionship between serum adropin and irisin in T2DM
and normal subjects, taking in consideration the food
consumption, the level of physical activity, and the
use of oral hypoglycemic medications.

5. Conclusion

The significant negative correlation between adro-
pin, anthropometric obesity indices, and glycemic
control indices and the significant positive corre-
lation between irisin and anthropometric obesity
indices demonstrate a possible role in the control of
obesity and blood glucose. New myokines, in par-
ticular adropin and irisin, should be under further
investigated in several diseases, including T2DM, as
possible prognostic markers.
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