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Assessment of serum adropin level in type 2 diabetic patients
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Background/aim
Diabetes predisposes the affected individual to long-term macrovascular and
microvascular complications. Renal complications represent a major turning point
in the life of people with diabetes. Adropin is a peptide primarily secreted by the
liver and brain. It is encoded by the Energy Homeostasis Associated gene (Enho).
Adropin main function is to prevent insulin resistance, dyslipidemia, and impaired
glucose tolerance. This study aimed to assess the serum adropin level in patients
with type 2 diabetes mellitus (T2DM) and diabetic nephropathy (DN).
Patients and methods
This case–control study was conducted on 50 diabetic patients from Inpatient and
Outpatient Clinics of Internal Medicine Department, Benha University Hospitals,
Egypt, in addition to 25 apparently healthy controls. Upon their informed consent,
and after complete history taking and full clinical examination, blood samples were
taken for biochemical analysis and serum adropin level measurement. Adropin was
measured using enzyme-linked immunosorbent assay technique. Fasting and 2-h
postprandial blood glucose, glycated hemoglobin, blood urea, serum creatinine,
and glomerular filtration rate were done.
Results
This study demonstrated that adropin shows significant reduction in the diabetic
group when compared with the control group and also exhibits significant decline in
the DN group when compared with the diabetic group. There was a significant
negative correlation between adropin and T2DM duration as well as with glycated
hemoglobin (r=−0.552 and −0.467, and P=0.001 and 0.001, respectively).
Moreover, there was a significant positive correlation between adropin and
estimated glomerular filtration rate (r=0.358 and P=0.002).
Conclusion
Adropin is significantly reduced in T2DM when compared with normal participants,
and the reduction of adropin is correlated with the deterioration in kidney functions
manifested by the reduction in estimated glomerular filtration rate. These findings
suggested that the reduction of serum adropin may play a role in the pathogenesis
of T2DM and DN.
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Introduction
Diabetes is characterized by hyperglycemia resulting
from defects in insulin secretion, insulin action, or both
[1]. This predisposes the affected individual to long-
term macrovascular and microvascular complications
[2]. Renal complications represent a major turning
point in the life of people with diabetes. In type 2
diabetes, nephropathy is associated with increased
cardiovascular mortality and morbidity [3].

Adropin is a novel bioactive protein encoded by Enho
gene, and this metabolic hormone serves to modulate
lipid and glucose metabolism and to maintain
insulin sensitivity [4]. In the experimental studies,
systemic injections of adropin have been shown to
h | Published by Wolters Klu
improve skeletal muscle insulin sensitivity and to
promote weight loss. Adropin has been shown in
the literature to be decreased in many diseases,
such as type 2 diabetes mellitus (T2DM), coronary
atherosclerosis, and polycystic ovary disease [5].
The aim of this work was to evaluate and compare
the level of adropin in healthy participants, and
in type 2 diabetic patients with or without
nephropathy.
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Patients and methods
Patients
This case–control study was conducted on 75
participants, comprising 50 patients with T2DM
and 25 apparently healthy age matched controls,
from Inpatient and Outpatient Clinics of Internal
Medicine Department, Benha University Hospitals,
Qalyubiyya Governorate, Egypt.
Inclusion criteria
Participants with age between 35 and 70 years were
included in the study.

The diagnosis of DM was made in accordance with
the American Diabetic Association criteria, which
include a fasting plasma glucose level of 126mg/dl
or higher, or 2-h postprandial plasma glucose level of
200mg/dl or higher, or a random plasma glucose of
200mg/dl or higher in a patient with classic
symptoms of hyperglycemia or hyperglycemic crisis,
or glycated hemoglobin (HbA1C) level of 6.5% or
higher in type 2 diabetic patients without diabetic
nephropathy (DN). DN was defined as a rise in
urinary albumin–creatinine ratio (UACR >30mg/
g) and reduced renal function, as reflected by
raised plasma creatinine concentration, reduced
calculated creatinine clearance, or decreased
estimated glomerular filtration rate (eGFR <90ml/
min/1.73m2) in diabetic patients [6].
Exclusion criteria
Patients with causes of renal impairment other than
DM such as autoimmune diseases, urinary tract
infection, drugs, and urinary tract obstructive lesions
were excluded. Pregnant women were also excluded as
renal hyperfiltration during pregnancy decreases the
accuracy of creatinine clearance and eGFR according to
Koetje et al. [7].
Study design
All participants are divided into three groups as
follows:

Control group: 25 apparently healthy participants.
T2DM group: 25 type 2 diabetic patients with normal
UACR, normal serum creatinine level, and normal
eGFR.
Type 2 DN: 25 type 2 diabetic patients with UACR
more than 30mg albumin/g creatinine, abnormal
serum creatinine level (>1.1mg/dl in females and
>1.2mg/dl in males), and eGFR less than 90ml/
min/1.73m2 of body surface area [6].
Ethical approval
All participants gave informed consent before being
included in the study. The protocol was approved by
the local institutional ethical committee of Benha
Faculty of Medicine with approval no. M5-13-1-2020.
Methods
After complete history taking and full clinical
examination, age in years, duration of DM in years,
sex distribution, BMI (kg/m2), as well as presence and
absence of hypertension were recorded.
Blood sampling
Overall, 7ml of venous blood was withdrawn by a
sterile vein puncture; 1ml was transferred into a
sterile tube containing EDTA and stored at 4°C
till being used for HbA1C analysis, and the
remaining 6ml was transferred into a dry sterile
centrifuge tube, then the whole blood was allowed
to clot at room temperature for 30min, and then
centrifuged for 10min at 4000 rpm. The clear
supernatant serum was separated and 300 μl was
kept frozen at −20°C till analysis of serum adropin,
whereas the remaining serum was used for other
biochemical analyses.
Biochemical assessment
(1)
 Fasting and 2-h postprandial blood glucose levels
havebeenassessedbycolorimetricmethodusingkits
of Cayman Chemical Co. (Ann Arbor, Michigan,
USA) according to Braham and Trinder [8].
(2)
 HbA1C was done according to the method of
Zander et al. [9], using kits of My Bio Source
Co (San Diego, California, USA).
(3)
 Blood urea and serum creatinine have been done by
colorimetric method, using kits of Sigma-Aldrich
Co. (Saint Louis, Missouri, USA) according to
Gutmann and Bergmeyer [10] and Fossati et al.
[11], respectively.
(4)
 GFR was estimated by modified diet for renal
disease formula [7]:
eGFR ml=min=1:73mEntityismissingð Þ
¼ 175 serum creatinineð Þ�1:154 Ageð Þ�0:203

0:742 if femaleð Þ 1:212 if African Americanð Þ

Adropin was done using enzyme-linked
immunosorbent assay kits for Human Adropin from
Bioassay Technology Laboratory (Edgbaston,
Birmingham, England) according to the instructions
included with the kits.
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Statistical analysis
Collected data were analyzed using SPSS, version 17
(IBM, 590 Madison Avenue, New York, USA).
Quantitative data were represented as means±SD
and ‘one-way analysis of variance’ was used to
compare these means and test for significant
differences. Qualitative data were expressed as
percentage and tested for significant differences
using χ2 test. Spearman’s correlation coefficient (r)
was used to evaluate the linear association between
adropin and other variables. MedCalc statistical
computer program 19.3.1 (MedCalc Software Ltd,
Acacialaan, Ostend, Belgium) was used to build
receiver operating characteristic curves [12].
Results
The data presented in Table 1 summarize the results of
the study regarding age in years, duration of DM in
years, sex distribution, BMI (kg/m2), and presence and
absence of hypertension.

Both fasting and 2-h postprandial blood glucose (inmg/
dl) levels were significantly higher (P≤0.05) in T2DM
and DN groups when compared with control group.
HbA1C (as percentage) was significantly elevated
Table 1 Demographic and clinical data of the studied groups

Parameters

Control group

Age (years) 41.9±7.4a

T2DM duration (years) 0

Male [n (%)] 13 (52)

Female [n (%)]a 12 (48)a

BMI (kg/m2) 28±2.8a

HTN (+ve) [n (%)] 0

HTN (−ve) [n (%)]a 25 (100)a

Data are represented as mean±SD. DN, diabetic nephropathy; HTN, hy
letters (a, b, c) in same raw are significant at P value less than or equa

Table 2 Blood glucose, glycated hemoglobin, Urea, Creatinine, est
studied groups

Parameters

Control group

Fasting blood glucose (mg/dl) 76.8±10.7a

Postprandial blood glucose (mg/dl) 106.5±10.1a

HbA1C (%) 4.87±0.3a

Urea (mg/dl) 20.5±4.8a

Creatinine (mg/dl) 0.7±0.1a

eGFR (ml/min/1.73m2) 116.46±13.66a

Adropin (ng/ml) 0.853±0.166a

Data are represented as mean±SD. DN, diabetic nephropathy; eGFR, e
T2DM, type 2 diabetes mellitus. All different letters (a, b, c) in same raw
analysis of variance or χ2 tests.
(P≤0.05) in T2DM group and DN group when
compared with control group. Moreover, HbA1C was
significantly higher (P≤0.05) in T2DMgroup thanDN
group. Urea, creatinine (inmg/dl), and eGFR (inml/
min/1.73 m2 of body surface area) were significantly
lower in DN group when compared with normal and
T2DM groups.

The study also showed that serum adropin level is
significantly decreased in DN group when compared
with control and diabetic groups. Moreover, it showed
significant reduction in diabetic group when compared
with control group (Table 2).

In the present study, there was a significant (P=0.001)
negative correlation between serum adropin level and
T2DM duration, with a correlation factor (r)=−0.552
(Fig. 1).

Moreover, there was a significant (P=0.001) negative
correlation between serum adropin level and HbA1C,
with a correlation factor (r)=−0.467 (Fig. 2).

On the contrary, there was a significant (P=0.002)
positive correlation between serum adropin level and
eGFR, with a correlation factor (r)=0.358 (Fig. 3).
Groups

T2DM group DN group

53±10.2b 58.1±7.3c

7.3±5.6b 13.8±6.9c

19 (76) 21 (84)

6 (24)b 4 (16)b

29.2±4.4a 29.7±6a

9 (36) 18 (72)

16 (64)b 7 (28)c

pertension; T2DM, type 2 diabetes mellitus. aχ2 test. All different
l to 0.05, using analysis of variance or χ2 tests.

imated glomerular filtration rate, and adropin levels in the

Groups

T2DM group DN group

207.4±61b 186.7±67.5b

304.4±91.9b 281±116b

10.15±2.63b 8.44±1.29c

29.3±10a 93.6±43.5b

0.8±0.12a 5.2±3.2b

107.66±15.53a 18.53±17.43b

0.697±0.155b 0.648±0.156c

stimated glomerular filtration rate; HbA1C, glycated hemoglobin;
are significant at P value less than or equal to 0.05, using



Figure 1

Correlation between serum adropin level and T2DM duration. T2DM, type 2 diabetes mellitus.

Figure 2

Correlation between serum adropin level and HbA1C value. HbA1C, glycated hemoglobin.
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Sensitivity and specificity of adropin in T2DMwere 50
and 100%, respectively, at a cutoff value less than or
equal to 0.667 ng/ml. Adropin can be a significant
predictor of T2DM when compared with normal
participants, with the positive predictive value at this
cutoff limit is 100% and the negative predictive value is
85.7% (Fig. 4).

Sensitivity and specificity of adropin in DN were 40
and 100% at a cutoff value less than or equal to
0.571 ng/ml. The positive predictive value at this
cutoff limit is 100% and the negative predictive
value is 71.4%. P value more than 0.05 presents the
differentiating ability of adropin between T2DM and
DN insignificant (Fig. 5).
Discussion
In this study, serum adropin level was lower in diabetic
patients without nephropathy when compared with



Figure 3

Correlation between serum adropin level and eGFR value. eGFR, estimated glomerular filtration rate.

Figure 4

Adropin sensitivity and specificity in patients with T2DM. T2DM, type
2 diabetes mellitus.

Figure 5

Adropin sensitivity and specificity in diabetic nephropathy (DN) group.
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the control group, and this is in agreement with Wu
et al. [13]. Moreover, this finding is consistent with
Yosaee et al. [14], who found low levels of adropin in
T2DM, and this was correlated with metabolic
syndrome. Therefore, these investigators identify
adropin as a potentially protective agent against
metabolic syndrome development. Metabolic
syndrome is considered a prediabetes stage, and
persons with this syndrome are at great risk of
developing frank T2DM. Adropin is a protective
agent against metabolic syndrome, and this may
explain why persons with T2DM have lower levels of
adropin.Because they have low levels of adropin, they are
easily affected by T2DM [14]. This result is also
consistent with Zang et al. [15], who reported that
serum adropin concentrations are decreased in patients
withT2DM, especially those who are overweight/obese.
Adropin maintains glucolipid homeostasis and insulin
sensitivity, and its deficiency may be implicated in the
pathogenesis of T2DM[15]. Similar result was reported
by Li et al. [16], Li et al. [17], and Jasaszwili et al. [18]
whose studies exhibited a significant remarkable decline
of adropin in diabetic patients than those without
diabetes.
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In a study by Chen et al. [19] Enho gene mutations (the
gene encoding for adropin) were found in three
generations of a family with the common feature of
T2DM. The investigators evaluated serum adropin
level and regulatory T lymphocytes in these
generations and found that both serum adropin level
and regulatoryT lymphocytes are significantly decreased
in these family members with T2DM when compared
with healthy participants. Moreover, the investigators
found similar results in adropin knockout mice. They
reported a significant correlation between adropin
deficiency and regulatory T-cell deficiency [19].
Visceral adipose tissue invasion by proinflammatory
macrophages is considered a key event driving
adipose tissue inflammation and insulin resistance.
Adropin enhances Tregs (regulatory T lymphocytes),
which are involved in controlling the inflammatory state
of adipose tissue, and thus enhancing insulin sensitivity.
Therefore, adropin deficiency may play a role in the
pathogeneses of T2DM [19,20].

The result of this study is also in agreementwith Jurrissen
et al. [21], adropin deficiency limits glucose uptake by
skeletelmuscels, and this contributes to impaired glucose
tolerance and development of T2DM. Vascular insulin
resistance is a hallmark of T2DM, and blunting of
insulin-induced dilation is its primary manifestation.
Importantly, in T2DM, reduced insulin-induced
dilation and blood flow to skeletal muscle significantly
limits glucose uptakeand contributes to impairedglucose
homeostasis. Adropin deficiency contributes to vascular
insulin resistance, and treatment with adropin
signeficantly improves insulin-induced dilation and
glucose uptake by skeletal muscels [21].

In the present study, serum adropin level showed
significant reduction in patients with DN versus
patients with T2DM without DN. Hu and Chen
[22] reported that patients with T2DM display
decreased serum adropin concentrations compared
with healthy controls. Their study showed that
decreased serum adropin concentrations are also
correlated with the development and progression of
DN. The precise role of adropin in DN mechanism
remains unclear. Inflammation plays an important role
in the development of DN. Circulating adropin level is
negatively correlated with tumor necrosis factor-alpha
(TNF-α) and interleukin 6 (IL-6) levels. Therefore,
adropin may play a protective role in DN development
through anti-inflammatory effects, and its deficiency
may be implicated in the pathogenesis of DN [22].

Shelest and Buriakovska [23] concluded that adropin
statistically decreased in the patients with DN. There
are many factors involved in the pathogenesis of DN,
but among basic are endothelial and inflammatory
ones [23]. Chronically activated immune system and
persistent low-grade inflammation in diabetes have
been proposed as a contributor to DN. Inflammatory
cytokines such as TNF-α, IL-1, IL-6, and IL-8 are
much more expressed in renal tissue of diabetics.
These cytokines correlate positively with the degree
of albuminuria in diabetic patients. Moreover,
they contribute to glomerular basement membrane
thickening, increase in endothelial permeability,
apoptosis, and they have direct toxic effect on renal
cells [24]. Adropin is suggested as an important player
in DN development as its deficiency is associated
with elevated levels of TNF-α, IL-1, IL-6, and
highly sensitive C-reactive protein [23].Adropin
enhances endothelial form of nitric oxide synthase,
modulates nitric oxide bioavailability, and thus,
exerts an endothelial protection. Adropin deficiency
is associated with elevated levels of vasoconstriction
factor endothelin-1. The disturbance in these
two vasoactive substances associating adropin
deficiency may be implicated in the pathogenesis of
DN [24,25].

Adropin might open new therapeutic opportunities
in DN, as it targets many underlaying mechanisms
involved in the pathogenesis of DN, including insulin
resistance, inflammation, and vascular disturbances
[22]. Moreover, it can be possibly used in DN
diagnosis; however, this is not specific, as its level is
reduced in many other conditions including ischemic
strokes, coronary artery diseases, inflammatory bowel
diseases, nonalcoholic fatty liver disease, and polycystic
ovary disease [21].
Conclusion
Serum level of adropin was significantly lower in
patients with DN than in patients with T2DM,
which have a significantly lower adropin levels than
in nondiabetics. Adropin could be used as a significant
predictor of T2DM; however, it should be considered
that its level is affected in many other diseases, reducing
its diagnostic potentialities. Further work is needed to
confirm and outline the role of adropin in T2DM and
DN, particularly at the molecular levels. Attempts to
use adropin in treating T2DM or protecting from its
complications are still under experimental trails, and
further research studies are needed to outline its
possible therapeutic potentials.
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