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Abstract
Aims To investigate the usefulness of salusin-α and salusin-β as biomarkers in patients with type 2 diabetes mellitus (T2DM) 
and to determine whether diabetes severity and obesity have an effect on the salusin levels in diabetic patients.
Methods The study included a total of 90 patients, comprising 55 diagnosed with T2DM and 35 healthy volunteers with 
similar demographic characteristics. Salusins were assayed by a commercially available ELISA kit.
Results The salusin-β levels were found to be significantly higher in T2DM group compared to control group, while the 
salusin-α levels were lower (p < 0.05, for both). Furthermore, in patient group, Spearman analysis showed a statistically 
significant negative correlation between salusin-α and fasting glucose and glycated hemoglobin (HbA1c), whereas salusin-β 
had a statistically significant positive correlation with fasting glucose and HbA1c (p < 0.05, for both). When analyzed accord-
ing to the HbA1c groups, the patients with HbA1c > 9% had significantly lower salusin-α and higher salusin-β levels levels 
compared to those with HbA1c < 9% (p < 0.05, for both). When examined according to body-mass-index groups, there was 
no significant difference in the salusin levels of the patient and control groups (p > 0.05).
Conclusion We demonstrated that the serum salusin-α level was decreased whereas the salusin-β level was increased in 
patients with T2DM compared to healthy subjects, and this was more pronounced as T2DM-deteriorated. We also showed 
that obesity had no effect on salusin levels among diabetics. This study may provide a basis for the availability of salusin-
targeted therapies, especially in uncontrolled T2DM.
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Introduction

Type 2 diabetes mellitus (T2DM), a chronic metabolic 
disorder threatening human health around the world [1], 
is characterized by chronic hyperglycemia, multiple organ 
dysfunctions, and systemic complications involving the 

cardiovascular, nervous, and renal systems. These cardiovas-
cular complications are the main causes of increased rates of 
diabetes-related morbidity and mortality [2]. The main path-
ological event in the development of DM and its associated 
complications, such as atherosclerosis and hypertension, 
is the impaired function of the endothelium [3]. Sustained 
hyperglycemia leads to vascular endothelial cells producing 
reactive oxygen species (ROS), which alleviates nitric oxide 
(NO) bioactivity and endothelial-dependent relaxation [4].

It is well-known that obesity is linked with T2DM and 
believed to account for 80 − 85% of the risk for develop-
ing this condition. In obese individuals, the accumulation 
of adipose tissue is associated with a persistent low-grade 
inflammation state that appears to play a crucial role in the 
pathogenesis of obesity-related insulin resistance, diabetes, 
and cardiovascular diseases. Additionally, since adipocyte 
hypertrophy, oxidative stress, macrophage infiltration, and 
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increased production of proinflammatory cytokines are the 
main physiopathological mechanisms of obesity, it is consid-
ered a subclinical systemic inflammatory disease [5].

T2DM and obesity, two metabolic disorders whose eti-
opathogenesis is based on chronic inflammation, have been 
associated with various peptide hormones synthesized 
in many tissues [6]. Human salusin-α and salusin-β have 
recently been discovered endogenous peptides processed 
from the same precursor, preprosalusin, consisting of 28 and 
20 amino acids, respectively [7]. Salusins are widely distrib-
uted in a host of tissues [8]. These bioactive peptides are sug-
gested as endocrine and/or paracrine factors with hemody-
namic effects [9]. Several lines of evidence on the biological 
activities of these peptides have revealed that salusins play 
a role in atherogenesis and regulation of hemostasis [10]. 
Despite similar biological properties, salusin-β exerts more 
mitogenic effects on human vascular smooth muscle cells 
(VSMCs) and fibroblasts than salusin-α. Salusin-β potently 
stimulates the proliferation, migration of VSMCs, vascu-
lar fibrosis, and human macrophage foam cell formation, 
whereas salusin-α suppresses these activities [11]. Experi-
mental studies have revealed that the central microinjection 
of salusin-β activates the sympathetic system and increases 
norepinephrine secretion and blood pressure [1]. Further-
more, the knockdown of salusin-β has been demonstrated to 
alleviate oxidative stress and endothelial inflammation [12, 
13]. In contrast, the administration of salusin-α mitigates 
hepatic steatosis, atherosclerosis, and diabetic nephropathy 
via anti-oxidative and anti-inflammatory effects [14, 15].

Even though various studies revealed the interaction 
between salusins and various metabolic disorders and 
claimed a controversial effect of obesity on salusin levels 
[16–22], to the best of our knowledge, in the literature, there 
is a lack of knowledge evaluating the serum salusin-α and 
salusin-β level alteration together in diabetic patients and 
analyzing the interrelationship between body-mass-index 
(BMI) and salusin levels in adult T2DM patients. There-
fore, we aimed to investigate the usefulness of salusins as 
biomarkers in patients with T2DM and to determine whether 
diabetes severity and obesity had an effect on the salusin-α 
and salusin-β levels in patients with T2DM.

Material and methods

Study design

This study was conducted with 90 patients aged 35 to 
80 years, who presented to the internal medicine outpatient 
clinic  between May 2020 and August 2020. The patient group 
of our study consisted of 55 patients that were newly or previ-
ously diagnosed with T2DM receiving antidiabetic treatment. 
The diagnosis of T2DM was defined as follows: (1) blood 

sugar > 200 mg/dl in individuals with hyperglycemia symp-
toms, (2) second-hour blood sugar > 200 mg/dl in the oral glu-
cose tolerance test, and (3) fasting plasma glucose > 126 mg/
dl confirmed by the fasting plasma glucose value measured on 
a different day [23]. Thirty-five healthy volunteers, who were 
proven to have no glucose metabolism disorder by perform-
ing 75 gr OGTT and had similar demographic characteristics, 
were included in the study as a control group.

Patients with a history of acute-chronic renal disease doc-
umented coronary artery disease, malignancy, liver disease, 
chronic inflammatory diseases, and acute medical conditions 
(pulmonary embolism, pneumonia, trauma, surgery, etc.); 
those using systemic glucocorticoids or abusing drugs or 
alcohol and those with a blood pressure of ≥ 140/90 mm/Hg 
were not included in the study.

The height and weight of the participants were measured, and 
their BMI was calculated by dividing the body weight by the 
square of the height (kg/m2). According to the BMI values, the 
patients were evaluated as having normal weight (18.5–24.99), 
being overweight (25–29.99), and obese (> 30). In all cases, 
the blood pressure, measured with a sphygmomanometer after 
10 min of rest, was recorded. The number of years the patients 
had a diagnosis of diabetes was also questioned and recorded.

Blood sample test

Blood samples were taken from the patients after 10 to 12 h 
of fasting. Laboratory data, including the levels of serum 
glucose, urea, creatinine, aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), total cholesterol (TC), tri-
glyceride (TG), high-density lipoprotein-cholesterol (HDL-
C), low-density lipoprotein cholesterol (LDL-C), and gly-
cated hemoglobin (HbA1c), were recorded. The patients were 
divided into three groups according to the HbA1c values 
as < 7.5%, 7.5–9%, and > 9%. During routine blood tests, an 
extra tube of EDTA blood was collected from the participants 
and centrifuged at 1000 × g for 15 min, and the obtained sera 
were stored at − 80 °C until salusin-α and salusin-β analyses.

Measurement of serum salusin‑α and salusin‑β 
by ELISA

Serum salusin-α and salusin-β levels were measured using 
a commercially available human double-antibody sandwich 
enzyme-linked immunosorbent assay kit (catalog numbers 
E1268Hu and E1272Hu, respectively; Bioassay Technology 
Laboratory, Shanghai, China). The results were expressed 
as picograms per milliliter (pg/ml). The intra-assay coeffi-
cient of variation (CV) of salusin is < 8%, and the inter-assay 
CV is < 10%. The sensitivity of salusin- α is 0.51 pg/ml, 
and the sensitivity of salusin-β is 5.22 pg/ml. The standard 
curve ranges for the salusin-α and salusin-β ELISA kits are 
10–1800 pg/ml and 5–1000 pg/ml, respectively.
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Statistical analysis

The power analysis for the mean salusin-α and salusin-β 
levels for a comparison between the patient and control 
groups was performed using G power 3.1.6 for Windows 
(Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Ger-
many). The minimum required size of the study population 
was calculated to be 90 subjects for a large effect size at 
the 95% confidence interval for α = 0.05.

The data were collected by the clinicians involved in 
the study, transferred to the Microsoft Excel program, 
and made available for analysis by editing and cleaning. 
The Mann–Whitney U test, t-test, analysis of variance 
and Tukey’s test, Kruskal–Wallis and Dunn tests, receiver 
operating characteristics (ROC) curve analysis, Spear-
man and Pearson correlation tests, and linear regression 
analysis were used in statistical analyses. According to the 
results of the normality test, parametric methods (t-test 
and Pearson correlation test) were used for the analysis 
of variables with normal distribution, and non-parametric 
methods (Mann–Whitney U test and Spearman correla-
tion test) were utilized for the analysis of non-normally 
distributed variables. Data analyses were undertaken using 
the Statistical Package for the Social Sciences (IBM SPSS 
Statistics) v. 26.0.

Results

Table 1 shows the sociodemographic characteristics, blood 
parameters, and blood pressure values of the patient and con-
trol groups. Sixty-one percent of the sample included in the 
analysis consisted of patients and 39% constituted the con-
trol group. Of the whole sample, 52% were men, and 48% 
were women. There was a statistically significant difference 
between the patient and control groups in terms of glucose, 
HDL-C, TG, HbA1c, BMI, salusin-α, and salusin-β values 
(p < 0.05). In the patient group, the glucose, TG, HbA1c, 
BMI, and salusin-β values were significantly higher, and the 
HDL-C and salusin-α values were significantly lower com-
pared to the control group.

Table 2 presents the results of the correlation analysis 
model to examine the relationship of the variables that 
formed the basis of the study with the salusin-α values both 
for the overall sample and within the study groups. As a 
result of the Spearman and Pearson correlation analyses, 
the salusin-α values had a negative moderate-to-high level 
relationship with the salusin-β, glucose, and HbA1c val-
ues in the patient group (p < 0.05) while it had a negative 
moderate relationship with the AST, ALT, and salusin-β 
variables in the control group (p < 0.05). Similarly, Table 3 
gives the results of the Spearman correlation analysis for the 

Table 1  Sociodemographic characteristics, laboratory findings, and blood pressure analyses of the study groups (mean ± SD (median–range) 
(min–max))

AST aspartate aminotransferase, ALT alanine aminotransferase, TC total cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-
density lipoprotein cholesterol, TG triglyceride, HbA1c glycated hemoglobin, BMI body mass index, SBP systolic blood pressure, DBP diastolic 
blood pressure
* Statistically significant at 0.05

Patient (n = 55)
61.1%

Control (n = 35)
38.9%

p

Age (years) 57.31 ± 10.69 (57–46) (35–81) 57.14 ± 11.11 (39–51) (20–71) 0.098
Glucose (mg/dl) 169.74 ± 62.53 (158–282) (85–367) 92.4 ± 6.67 (91–26) (79–105) 0.000*
Urea (mg/dl) 23.47 ± 8.04 (22–34) (12–44) 22.2 ± 7.57 (21–24) (13–37) 0.033
Creatinine (mg/dl) 0.87 ± 0.23 (0.83–1.09) (0.56–1.65) 0.82 ± 0.14 (0.8–0.5) (0.58–1.08) 0.540
AST (IU/L) 20.41 ± 9.19 (17.2–48) (4–52) 17.54 ± 5.47 (17–20) (10–30) 0.119
ALT (IU/L) 29.59 ± 20.04 (22–91) (6–97) 22.53 ± 13.19 (18–52) (5–57) 0.072
TC (mg/dl) 202.72 ± 42.16 (200–218) (98–316) 195.02 ± 36.63 (199–150) (130–280) 0.377
LDL-C (mg/dl) 117.95 ± 38.87 (120–219.5) (17.5–237) 117.83 ± 28.59 (121–121) (66–187) 0.987
HDL-C (mg/dl) 45.96 ± 10.49 (44–54) (30–84) 58.09 ± 16.67 (53–85) (40–125) 0.000*
TG (mg/dl) 187.31 ± 136.5 (164–910) (44–954) 106.69 ± 65.65 (86–268) (30–298) 0.000*
HbA1c (%) 8.41 ± 1.97 (7.82–8.6) (5.8–14.4) 5.29 ± 0.37 (5.2–1.4) (4.5–5.9) 0.000*
BMI (kg/m2) 30.35 ± 5.87 (30.07–23.9) (20.2–44.1) 26.83 ± 5.16 (25.69–20.66) (19.8–40.46) 0.003*
Age of DM (years) 6.91 ± 5.94 (5–25) (0–25) - -
SBP (mm/Hg) 122.15 ± 10.86 (126–90) (110–150) 118 ± 7.5 (120–30) (100–130) 0.087
DBP (mm/Hg) 80.95 ± 6.17 (85–40) (60–100) 75.71 ± 4.87 (80–10) (70–80) 0.065
Salusin-α (pg/ml) 64.82 ± 18.35 (64.28–67.37) (28.77–96.14) 96 ± 30.14 (86.85–148.72) (31.67–180.39) 0.000*
Salusin-β (pg/ml) 380.11 ± 284.94 (291.69–1126.03) (90.1–1216.13) 123.1 ± 44.45 (114.55–229.52) (35.97–265.49) 0.000*
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relationship between the salusin-β values with other investi-
gated variables for the whole sample and for the two groups. 
In the patient group, the salusin-β values had a moderate 
negative relationship with salusin-α and a positive relation-
ship with the glucose and HbA1c variables (p < 0.05 for 
both). In the control group, the salusin-β values had a nega-
tive moderate relationship with age and a positive moderate 
relationship with the salusin-α variable (p < 0.05 for both).

As shown in Table 4, in the regression model established 
for the salusin-α level of the patient group, the effects of 
the LDL-C and HbA1c values on salusin-α were signifi-
cant (p < 0.05). Accordingly, it was determined that a 1-unit 
increase in the LDL-C values caused a 0.33-unit increase 
in the salusin-α values, and a 1-unit increase in the HbA1c 

values caused a 7.48-unit decrease in the salusin-α values 
 (R2 = 65%). On the other hand, when the same regression 
model was constructed for the salusin-β values of the patient 
group, the TC, HDL-C, and HbA1c values had a significant 
effect on salusin-β (p < 0.05). Accordingly, it was determined 
that a 1-unit increase in the HDL-C values caused a decrease 
of 3.56 units in the salusin-β values, a 1-unit increase in the 
TC values caused an increase of 4.20 units in the salusin-β 
values, and a 1-unit in the HbA1c values caused an increase 
of 72.50 units in the salusin-β values  (R2 = 46.5%).

To determine the salusin-α and salusin-β levels that dis-
tinguished the patient group from the control group, a ROC 
curve analysis was undertaken, and the Youden index maxi-
mization method was utilized. The area under the curve of 

Table 2  Relationship of the 
salusin-α values with the 
investigated variables—results 
of the Spearman-Pearson 
correlation analysis

AST aspartate aminotransferase, ALT alanine aminotransferase, TC total cholesterol, LDL-C low-density 
lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, TG triglyceride, HbA1c glycated 
hemoglobin, BMI body mass index
* Statistically significant at 0.05
** Pearson correlation test

Variables Total (n = 90)
100%

Patient (n = 55)
61.1%

Control (n = 35) 38.9%

Age (years)  − 0.49 (p = 0.000*)  − 0.15 (p = 0.268)**  − 0.30 (p = 0.080)
Glucose (mg/dl)  − 0.63 (p = 0.000*)  − 0.61 (p = 0.000*)**  − 0.29 (p = 0.090)
AST (IU/L)  − 0.24 (p = 0.024*)  − 0.06 (p = 0.666)  − 0.42 (p = 0.012*)
ALT (IU/L)  − 0.24 (p = 0.021*)  − 0.04 (p = 0.762)  − 0.44 (p = 0.008*)
TC (mg/dl)  − 0.27 (p = 0.010*)  − 0.24 (p = 0.074)**  − 0.02 (p = 0.930)
LDL-C (mg/dl)  − 0.18 (p = 0.089)  − 0.14 (p = 0.305)**  − 0.05 (p = 0.768)
HDL-C (mg/dl) 0.22 (p = 0.040*)  − 0.18 (p = 0.198) 0.16 (p = 0.347)
TG (mg/dl)  − 0.33 (p = 0.002*)  − 0.01 (p = 0.942)  − 0.18 (p = 0.296)
HbA1c (%)  − 0.71 (p = 0.000*)  − 0.71 (p = 0.000*)  − 0.43 (p = 0.009*)
BMI (kg/m2)  − 0.25 (p = 0.017*)  − 0.03 (p = 0.852)**  − 0.19 (p = 0.279)
Salusin-β (pg/ml)  − 0.41 (p = 0.000*)  − 0.46 (p = 0.000*) 0.50 (p = 0.002*)

Table 3  Relationship of the 
salusin-β values with the 
investigated variables—results 
of the Spearman-Pearson 
correlation analysis

AST aspartate aminotransferase, ALT alanine aminotransferase, TC total cholesterol, LDL-C low-density 
lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, TG triglyceride, HbA1c glycated 
hemoglobin, BMI body mass index
* Statistically significant at 0.05

Total (n = 90)
100%

Patient (n = 55)
61.1%

Control (n = 35) 38.9%

Age (years) 0.41 (p = 0.000*) 0.13 (p = 0.349)  − 0.49 (p = 0.003*)
Glucose (mg/dl) 0.65 (p = 0.000*) 0.52 (p = 0.000*)  − 0.01 (p = 0.971)
AST (IU/L) 0.21 (p = 0.047*) 0.16 (p = 0.253) 0.00 (p = 0.980)
ALT (IU/L) 0.20 (p = 0.062) 0.17 (p = 0.213)  − 0.15 (p = 0.402)
TC (mg/dl) 0.18 (p = 0.094) 0.26 (p = 0.059)  − 0.06 (p = 0.722)
LDL-C (mg/dl)  − 0.01 (p = 0.942) 0.03 (p = 0.822)  − 0.1 (p = 0.583)
HDL-C (mg/dl)  − 0.28 (p = 0.007*)  − 0.12 (p = 0.402) 0.26 (p = 0.128)
TG (mg/dl) 0.37 (p = 0.000*) 0.25 (p = 0.060)  − 0.19 (p = 0.264)
HbA1c (%) 0.68 (p = 0.000*) 0.57 (p = 0.000*)  − 0.21 (p = 0.230)
BMI (kg/m2) 0.27 (p = 0.009*) 0.2 (p = 0.152)  − 0.14 (p = 0.406)
Salusin-α (pg/ml)  − 0.41 (p = 0.000*)  − 0.46 (p = 0.000*) 0.50 (p = 0.002*)
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ROC for salusin-α was determined as 0.813 (95% confidence 
interval (CI) 0.723–0.903) (Fig. 1). For the patient group, the 
ROC curve analysis showed that the optimum cutoff value 
for salusin-α was 69.32, at which this parameter had the 
sensitivity, specificity, positive and negative predictive val-
ues of 56.4%, 94.3%, 93.9%, and 57.9%, respectively, and 
accuracy was obtained as 71.1%. On the other hand, the 
AUC of ROC for salusin-β was calculated as 0.881 (95% 
CI 0.814–0.948) (Fig. 2). According to the same method, 
the cutoff value of salusin-β was 195.05, at which it had a 
sensitivity of 70.9%, specificity of 97.1%, positive predictive 
value of 97.5%, negative predictive value of 68% NPV, and 
accuracy of 81.1%.

When analyzed according to BMI groups, there was no 
significant difference in the salusin-α and salusin-β val-
ues of the patient and control groups (p > 0.05). However, 
in the examination performed according to the HbA1c 
groups, a significant difference was found in the salusin-α 
and salusin-β values of the patient group (p < 0.05). In this 
group, the patients with HbA1c values greater than 9% had 
significantly lower salusin-α values compared to the remain-
ing two groups (p < 0.05), whereas the salusin-β values of 
the individuals with HbA1c values greater than 9% were 
significantly higher than those in the remaining two groups 
(p < 0.05) (Table 5).

Discussion

In this study, we aimed to evaluate plasma salusin-α and 
salusin-β levels in patients with T2DM, and we primarily 
showed a significant decrease in the former and a significant 
increase in the latter in this patient group. Our secondary 
goal would be to determine whether the severity of diabetes 
had a distinct effect on salusin levels. When we investigated 
the possible relationship of salusin levels with HbA1c in 
the diabetic patient group, we found no statistically signifi-
cant difference in salusin levels in diabetic patients with 
HbA1c < 9%, while in the group with HbA1c > 9%, the 
salusin-α values were significantly lower, and the salusin-β 
values were significantly higher. Finally, we performed an 
evaluation to analyze the relationship between BMI and 
salusin levels in the diabetic patient group and observed 
that obesity had no additional effect on the salusin-α and 
salusin-β levels in diabetic patients. To our knowledge, this 
is the first study evaluating the plasma levels of salusin-α 
and salusin-β levels together in diabetic patients and inves-
tigating the relationship between BMI and the two salusin 
levels in adult patients with T2DM.

Table 4  Regression analysis for 
the salusin-β and salusin-α of 
the patient group (dependent: 
salusin-β, dependent: salusin-α, 
independent: investigated 
variables)

TC total cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein choles-
terol, HbA1c glycated hemoglobin
* Statistically significant at 0.05. Backward method

B t p F p R2 Durbin-Watson

Dependent: salusin-β
Constant 143.11 14.50 0.000* 47.99 0.000* 0.649 1.810
LDL-C  − 0.33  − 2.32 0.025*
HbA1c  − 7.48  − 9.71 0.000*
Dependent: salusin-α
Constant  − 661.55  − 3.68 0.001* 14.75 0.000* 0.465 1.743
TC 4.20 3.77 0.000*
HDL-C  − 3.56  − 2.97 0.004*
HbA1c 72.50 4.82 0.000*

Fig. 1  ROC curve graph of the salusin-α level
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Diabetes mellitus is a chronic, progressive disease that 
is common in society with lifetime effects on patients [24]. 
Endothelial dysfunction is the main pathophysiological dis-
order in the development of T2DM and associated cardio-
vascular complications [2]. To date, it has been associated 
with various peptide hormones related to both endothelial 
dysfunction and T2DM separately [6]. In this context, there 
has been an exponentially growing information concerning 
the importance of two hormones, salusin-α and salusin-β, 
which are endogenous peptides developed from a precur-
sor called pre-prosalusin and consist of 28 and 20 amino 
acids, respectively [7]. It has been observed that both pep-
tides are synthesized in endothelial cells and have also been 
reported to be associated with endothelial dysfunction in 
previous studies [1]. In our study, we demonstrated that the 
salusin-β levels were statistically significantly higher, and 
the salusin-α levels were significantly lower in the T2DM 
patient group compared to the healthy control group. These 
results are similar to those reported by both experimental 
and human studies in the literature for metabolic diseases 
in which endothelial dysfunction is the main factor in the 
etiopathogenesis [11–16].

In an experimental study conducted on diabetic rats, 
it was revealed that salusin inhibition alleviated diabetic 

oxidative stress, inflammation, and cardiac dysfunction 
[25]. Similarly, the salusin-α levels in the plasma and kid-
ney tissue of diabetic rats were observed to be significantly 
downregulated, and in another experimental study, salusin-α 
administration reduced both hepatic steatosis and atheroscle-
rosis through anti-oxidative and anti-inflammatory effects 
[14, 15]. In a human study, the plasma salusin-β levels were 
reported to be higher in patients with coronary artery dis-
ease, cerebrovascular disease, and diabetes compared to 
healthy volunteers [18]. Our study confirmed this study 
findings with greater sample size. However, in that study, 
although the plasma salusin-β levels of 28 diabetic patients 
were evaluated, the salusin-α levels were not examined. To 
our knowledge, the current study is the first to investigate 
plasma salusin-α levels in patients with T2DM.

This study suggests that chronic hyperglycemia acts as an 
indicator for increased salusin-β expression and as a suppres-
sor for salusin-α. The results of our study brings about the 
idea of using salusin-α and/or anti-salusin-β therapy in the 
prevention of micromacrovascular complications associated 
with sustained hyperglycemia, especially in uncontrolled 
T2DM cases. Thus, by establishing a new pathway in the 
treatment of diabetes, medical treatment can be planned in 
order to resolve hyperglycemia, which is the primary goal 

Table 5  Salusin values of the patient and control groups according to HbA1c and BMI (mean ± SD (median–range) (min–max))

HbA1c glycated hemoglobin, BMI body mass index
* Statistically significant at 0.05
A Analysis of variance
K Kruskal-Wallis test

HbA1c (%)  < 7.50 7.50–9.00  ≥ 9.00 p Tukey

Patient
Salusin-αA 75.82 ± 10.83

(77.79–40.81)
(52.06–92.87)

67.89 ± 15.16
(66.38–50.65)
(45.49–96.14)

46.29 ± 15.04
(44.54–60.08)
(28.77–88.85)

0.000*  < 7.50– > 9.00 
and 7.50–
9.00– > 9.00

Salusin-βK 253.45 ± 184.96
(214.55–814.44)
(114.55–928.99)

302.95 ± 168.8
(315.38–638.97)
(117.06–756.03)

625.4 ± 327.87
(558.13–1126.03)
(90.1–1216.13)

0.000*  < 7.50– > 9.00 
and 7.50–
9.00– > 9.00

BMI (kg/m2) 18.5–24.99 25–29.99  ≥ 30 p Dunn
Patient
Salusin-αA 75.35 ± 15.74

(79.91–50.65)
(45.49–96.14)

60.32 ± 15.88
(62.73–55.86)
(28.77–84.63)

63.06 ± 19.32
(62.62–63.66)
(29.21–92.87)

0.091

Salusin-βK 219.31 ± 98.08
(203.33–276.23)
(117.06–393.29)

425.34 ± 356.2
(340.55–1095.7)
(120.43–1216.13)

417.97 ± 280.55
(332.58–1001.59)
(90.1–1091.69)

0.141

Control
Salusin-αK 95.46 ± 32.13

(87.27–124.06)
(31.67–155.73)

104.1 ± 37.2
(86.85–109.38)
(71.01–180.39)

88.92 ± 16.79
(81.64–47.87)
(73.19–121.06)

0.681

Salusin-βK 126.95 ± 56.75
(118.75–229.52)
(35.97–265.49)

119.34 ± 20.23
(111.37–67.35)
(91.69–159.04)

119.6 ± 38.53
(102.16–123.4)
(69.2–192.6)

0.796
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in treatment, as well as preventing complications due to 
endothelial inflammation. Therefore, salusin-α and/or anti-
salusin-β therapy may offer a novel strategy for the treatment 
of endothelial inflammation in T2DM.

It is also known that the risk of development and pro-
gression of microvascular complications in diabetic patients 
is directly related to the degree of glycemic control [26]. 
While blood glucose measurements are used in the follow-
up of daily glycemic control, HbA1c is used in monitoring 
long-term glycemic control. In addition, HbA1c measure-
ment has been shown to be useful in predicting the risk of 
developing microvascular complications in diabetes [27]. In 
the current study, we aimed to determine the serum salusin-α 
and salusin-β values according to HbA1c concentration lev-
els and to prove the relationship of salusins with HbA1c 
as clinical progression, follow-up and diagnostic criteria in 
patients with T2DM. In the regression model established 
for salusin-α, it was determined that a 1-unit increase in 
the HbA1c values caused a decrease of 7.48 units in the 
salusin-α values  (R2 = 65%) and an increase of 72.50 units 
in the salusin-β values  (R2 = 46.5%). In addition, when 
we divided the HbA1c values into three groups as < 7.5%, 
7.5–9%, and > 9%, we found a significant difference in the 
salusin-α and salusin-β values of the patient group. The 
salusin-α values of the patient group with HbA1c > 9% were 
significantly lower while their salusin-β values were signifi-
cantly higher compared to the other two groups. In the dia-
betic patients with HbA1c < 7% and 7.5–9%, no statistically 
significant difference was found in the serum salusin levels 
compared to the control group. This result can be attributed 
to the presence of micro- and macrovascular complications 
secondary to endothelial damage, which increases in severity 
with impaired glycemic control. It is known that there is a 
serious relationship between the severity of coronary artery 
disease and HbA1c in patients with diabetes [28]. Statisti-
cally insignificant salusin levels in patients with HbA1c < 9% 
are also due to possible endothelial damage being minimal. 
Accordingly, it is reported that improved glycemic control 
minimizes the risk of cardiovascular events in diabetics, and 
a 0.2% decrease in the HbA1c level reduces mortality by 
10% [29]. Furthermore, in the Diabetes Complications and 
Control Trial (DCCT) study, it was proven that HbA1c being 
below 7% reduced the risk of vascular complications [30]. 
However, there is no study in the literature investigating the 
relationship between HbA1c and salusin-α and salusin-β lev-
els, and thus, our study is the first on this subject.

Sixty-one percent of patients with T2DM are thought to 
be associated with obesity, which is a chronic, progressive 
inflammation condition that can, through endothelial dys-
function, lead to cardiovascular diseases, one of the lead-
ing causes of death all over the world. In obesity, inflam-
mation and endothelial dysfunction can be detected in the 
very early stages of the development of atherosclerosis, 

before occlusive lesions occur [31]. Therefore, it is of great 
importance to determine and resolve obesity-related risk 
and particularly endothelial dysfunction in early stages, 
especially in diabetic patients. T2DM and obesity have 
been associated with various peptide hormones [6]. In our 
study, we also investigated whether obesity led to any further 
difference in the salusin-α and β levels synthesized from 
endothelial cells and found in the blood circulation in the 
diabetic patient group. When we classified diabetic patients 
according to their BMI as those with normal weight (BMI 
18.5–24.99 kg/m2), overweight (BMI 25–29.99 kg/m2), and 
obese (BMI ≥ 30 kg/m2), we found no significant difference 
in the salusin-α and β values of the patients and controls 
according to BMI grouping. Although there is no study in 
the literature evaluating the relationship between salusin and 
BMI levels in the diabetic patient population to allow for a 
comparison, a previous study examining the salusin-α and 
salusin-β levels among obese and healthy children reported 
no statistically significant difference in the salusin-α and 
salusin-β levels of the obese patient group.

Although obesity is a chronic, subclinical condition char-
acterized by low-grade inflammation, many mechanisms are 
implicated in its etiopathogenesis [5]. The absence of a sig-
nificant relationship between salusin values and BMI may 
be due to the involvement of other factors, such as insulin 
resistance, oxidative stress, nitrous oxide, and adipocy-
tokines. Similarly, the lack of a relationship between the 
salusin values and BMI may be due to the variability of 
salusin-α and salusin-β in the presence of T2DM depending 
entirely on diabetes itself, independent of obesity. This can 
be explained by both salusin-α and salusin-β having a speci-
ficity exceeding 90% in the patient group, which is another 
inference from our results. On the other hand, relatively low 
sensitivity values can be attributed to the loss of significance 
of salusin-α and salusin-β values as HbA1c approaches nor-
mal levels.

Diabetes is an independent risk factor for cardiovascular 
diseases, and this risk increases with accompanying dys-
lipidemia. The characteristic features of diabetic dyslipi-
demia are high serum TG levels, low HDL-C levels, and an 
increase in small, dense LDL-C particles [32]. It is known 
that salusins show their effects on the cholesterol metabo-
lism via acyl CoA cholesteryl acyl transferase-1 (ACAT-1) 
[11]. In monocytes derived from cultured macrophages, cho-
lesterol ester accumulation decreases with salusin-α, while it 
increases with salusin-β [16]. Salusin-α decreases ACAT-1 
expression in a concentration-dependent manner, while 
salusin-β increases it [11, 18]. In our study, in the regres-
sion model established for the salusin-α of the patient group, 
we observed that the effect of LDL-C value on salusin-α 
was significant. Accordingly, we determined that an increase 
of 1 unit in the LDL-C values caused a decrease of 0.33 
units in the salusin-α values. On the other hand, when the 

1409Irish Journal of Medical Science (1971 -) (2021) 190:1403–1411



1 3

same regression model was established for the salusin-β of 
the patient group, the effect of TC and HDL-C values on 
salusin-β was significant. The results revealed that a 1-unit 
increase in the HDL-C values caused a decrease of 3.56 
units in the salusin-β values, and a 1-unit increase in the 
TC values caused an increase of 4.20 units in the salusin-β 
values. These results are consistent with the data presented 
in the literature [16, 33, 34]. Experimental studies show that 
salusin-α can prevent atherosclerosis, while salusin-β can 
act as a potential proatherogenic factor. Supporting this, 
Nagashima et al. showed that chronic salusin-infusion to 
mice could accelerate the development of early atheroscle-
rotic lesions, while chronic salusin-α infusion prevented 
the progression of atherosclerotic lesions [33]. In another 
study, it was reported that subcutaneous salusin injection 
significantly exacerbated atherosclerotic lesions in mice 
[34]. Watanabe et al. also supported this argument in their 
study conducted with patients with coronary artery stenosis 
[16]. The authors showed that the salusin-α levels of patients 
with angiographically proven coronary artery stenosis were 
decreased, and their salusin levels were increased compared 
to healthy controls. In brief, in T2DM, providing a good 
lipid profile, as well as controlling oxidative stress and 
inflammation, should be the main strategy to be followed 
for the prevention of atherosclerosis caused by metabolic 
disorder. Given the many different effects of salusins on the 
metabolic processes in T2DM, inhibition of salusin-β and/
or activation of salusin-α action via pharmacotherapy seems 
to be a good two-way effective way of preventing cardiovas-
cular complications secondary to diabetes by resolving both 
endothelial dysfunction and improving lipid profile.

In this study, our main aim was to compare the plasma salu-
sin levels in in patients with T2DM and to determine whether 
there was a diagnostic difference. We found that the salusin-α 
and salusin-β levels achieved a diagnostic accuracy of 71% and 
81.1%, respectively, in T2DM. Although we are aware that this 
diagnostic accuracy is not very high, we did not find any report 
in the literature with which to compare our results, and thus, we 
decided to present this paper as a contribution to the literature. 
In addition, we determined the sensitivity of salusin-α as 56.4% 
and specificity as 94.3%. Furthermore, while the sensitivity of 
salusin-β was 70.9%, its specificity was 97.1%. According to 
these results, both salusin-α and salusin-β are effective in identi-
fying the patient population in T2DM with a high risk of uncon-
trolled hyperglycemia and diabetic complications, and these 
parameters can be considered new markers with their disease 
diagnostic features in this specific patient group. Relatively low 
sensitivity values can be attributed to the loss of significance 
of the salusin-α and salusin-β values in T2DM patients with 
controlled blood glucose and thus controlled HbA1c values. We 
were not able to make any comparison in relation to sensitivity 
and specificity with previous studies on salusins since they did 
not perform these analyses.

Some limitations of our study that should be considered are the 
sample size and although we excluded some diseases that could 
affect the salusin levels, other diseases with unknown salusin 
expression may have been overlooked in our study population.

In conclusion, this study suggests that chronic hypergly-
cemia acts as an indicator that increases salusin-β expression 
and as a suppressor of salusin-α expression. Especially in 
the patient group with HbA1c > 9, the pronounced changes 
in the salusin levels may increase the possibility of micro-
vascular and macrovascular complications developing sec-
ondary to endothelial damage, which increases in severity 
with impaired glycemic control. Therefore, salusin-α and/or 
anti-salusin-β therapy appears to be a promising treatment 
strategy for endothelial damage in T2DM. Further studies 
are required to improve our insights into the relationships of 
these obscure peptides with the pathophysiology of T2DM 
and to determine the efficacy of future salusin-targeted dia-
betes therapy, especially in patients with severe diabetes.
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