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Abstract

This study was designed to determine the serum relaxin-3 and galanin levels in individuals with erectile dysfunction with and without type 2 diabetes mellitus 
(T2DM). A total of 154 individuals aged 30-60 were included in the study and the participants were divided into three groups: D-ED group (individuals with T2DM 
and ED) (n=49), ND-ED group (individuals with ED without T2DM) (n=55), and control group (individuals without T2DM and ED) (n=50). The age, BMI, and 
IIEF-5 score were recorded for all participants. The HDL, LDL, triglycerides, cholesterol, HbA1c and testosterone were determined from the blood taken from the 
participants, and galanin and relaxin-3 levels were measured in serum samples by ELISA method. The IIEF-5 score of the D-ED group was statistically lower than 
that of the ND-ED and control groups, and the IIEF-5 score of the ND-ED group was also lower than that of the control group.  Serum testosterone levels in the 
control group were statistically higher than in the D-ED and ND-ED groups. The galanin level of the D-ED group was elevated than the control and ND-ED groups, 
but the galanin level of the ND-ED group was lower than the control group. The relaxin-3 levels were decreased in the D-ED and ND-ED groups compared to the 
control group. Galanin levels increased in individuals with T2DM and ED, however decreased in individuals with ED without T2DM. In addition, reduced relaxin-3 
level may play a role in the development of ED.
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Introduction
The ED is the inability to have an erection sufficient for initiation 
or maintenance penile erection at the level required for satisfactory 
sexual performance due to organic and/or psychological reasons 
[1]. ED is a major health problem affecting men's quality of life 
and the number of people affected is increasing. It is estimated 
that there will be around three hundred million men in the world 
suffering from ED by the year 2025 [2]. The diabetes, a major 
cause of corpus cavernosum dysfunction, is one of the leading 
pathological conditions in the etiology of ED, and diabetic ED is 
emerging as a much more common complication in these patients 
than diabetic nephropathy and retinopathy [1].

Testosterone is the most important androgenic hormone in both 
men and women. Testosterone hormone is expressed by Leydig 

cells in the testicles under the control of luteinizing hormone 
(LH) in men. Testosterone plays a critical role in the male 
sexuality and penile erection, and there is a positive relationship 
between decreased testosterone and decreased erectile function. 
ED caused by treatment for hypogonadism or low testosterone 
may improve with testosterone replacement therapy [3].

Relaxin-3 is also expressed in the pre-optic region, which 
is important for the neurons that produce gonadotropin-
releasing hormone (GnRH) and for reproductive function [4]. 
Intracerebroventricular administration of relaxin-3 increased 
GnRH release [5], and LH levels and follicle-stimulating 
hormone (FSH) levels in rats [6]. Relaxin-3 plays a role in the 
process of puberty and there is a positive relationship between 
the level of relaxin-3 and the levels of testosterone, FSH and LH 
[7].
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Galanin is a neuropeptide expressed by GnRH in hypothalamic 
neurons and plays a role in sex differentiation [8]. Both male 
and female rats have high concentrations of galanin in the 
hypothalamic-hypophyseal portal circulation and galanin 
receptors in their gonadotrophs [9]. Galanin mRNA levels 
increase in GnRH neurons during the transition from juvenile 
to adult rats, and galanin is required for maturation of the 
reproductive axis [10]. Galanin potentiates the steroidogenic 
effect of acute gonadotropin or LH in rat Leydig cells [11] and 
acts a role as a regulator of LH and testosterone release in male 
rats [9].

The relaxin-3 plays a role in glucose metabolism [12], while 
galanin has a role in the control of hyperinsulinemia, sensitivity 
and  secretion of insulin in type 2 diabetes mellitus (T2DM) [13]. 
In addition, the relaxin-3 and galanin neuropeptides are released 
from GnRH-secreting neurons and have an effect on testosterone 
levels through LH [7,9]. This study was designed to determine 
the serum relaxin-3 and galanin levels in individuals with erectile 
dysfunction with and without T2DM.

Material and Methods
Ethical Statement and Study Groups

This study was conducted in accordance with the necessary 
approvals obtained from the Ethics Committee of Karabük 
University, Faculty of Medicine (#2023/1212). A total of 
154 individuals aged 30-60 were included in the study. The 
participants in the study were divided into three groups: 
D-ED group (individuals with T2DM and ED), ND-ED 
group (individuals with ED and without T2DM) and control 
group (individuals without T2DM and ED). Demographic 
characteristics, age, medical history (comorbidity), physical 
examination findings, BMI, smoking, and IIEF-5 score were 
recorded for all participants. The HDL, LDL, triglycerides, 
cholesterol, HbA1c, testosterone, galanin, and relaxin-3 levels 
were determined from serum samples obtained from the blood 
taken from the participants.

Inclusion Criteria of the Patients

According to the Turkish version of the short form of the IIEF-5, 
patients with an IIEF-5 score ≤21 were considered to have ED. In 
addition, T2DM was diagnosed according to the ESC (European 
Society of Cardiology) and EASD (European Association 
for the Study of Diabetes) guidelines. The IIEF-5 survey was 
administered to individuals who agreed to participate in the 
study, in a way that would not disturb them, and the data was 
recorded. These recorded data were stored in a way to protect the 
privacy of individuals. A score of 21 or less on the 5-question test 
in the IIEF-5 survey is considered to be sexual dysfunction [14].

Inclusion Criteria of the Controls

The control group consisted of individuals (individuals without 
T2DM and without ED) matched for age and BMI with an IIEF-
5 score of ≥22 [14].

Exclusion Criteria of the Patients

The patients with acute or chronic urinary tract disease, end-stage 
renal disease, and hepatic insufficiency in the past 6 months, 
prostate cancer, individuals with a history of history of pelvic 
trauma, psychogenic ED or severe psychiatric disorders, chronic 
infectious diseases and immunomodulatory/anti-inflammatory 
drug treatment were excluded. The individuals taking medications 
that affect erectile function or sex hormones were also excluded.

Laboratory Measurements

The levels of HDL, LDL, triglycerides, cholesterol, HbA1c, and 
testosterone were determined in the biochemistry laboratory of 
Karabük Training and Research Hospital from venous blood 
collected for routine blood tests from patients attending the 
urology outpatient clinic.

Determination of serum relaxin-3 and galanin levels

The fresh venous blood samples collected from all participants in 
the morning (08:00-10:00) were centrifuged at 3000 rpm for 10 
minutes on the same day to separate the serum. Then, the serum 
samples were frozen and stored at -20°C until ELISA analysis. 
The relaxin-3 and galanin levels were determined from the serum 
samples using commercially available specific relaxin-3 (cat. no: 
201-12-4772, SunRed Biotechnology, China) and galanin (cat. 
no: 201-12-1333, SunRed Biotechnology, China) ELISA kits. The 
absorbance was measured at 450 nm with a spectrophotometer 
(Multiskan GO, Thermo Scientific, USA).

Statistical Analysis

The IBM statistics 22.0 package was used for statistical analyses. 
The Shapiro-Wilk test was used to assess the suitability of the 
data for normal distribution. The one-way analysis of variance 
test was used for multiple comparisons of normally distributed 
data. Tukey's test was used for homogeneous variances and 
Tamhane's test was used for non-homogeneous variances. Data 
are presented as mean ± standard deviation. The Mann-Whitney 
U test with Bonferroni correction was used to compare groups of 
data that did not show a normal distribution. Data are presented 
as median (minimum-maximum). The categorical variables were 
evaluated using the chi-squared test.

Results
Demographic Characteristics of the Participants

Demographic characteristics of individuals including age, BMI, 
smoking, medical history (comorbidity), HDL, LDL, triglyceride, 
cholesterol, HbA1C measurements are presented in Table 1. The 
mean age of the D-ED group was statistically elevated than that 
of the ND-ED and control groups (p<0.05), and the difference 
between them was not statistically significant in age between 
the ND-ED and control groups. The groups were also compared 
for BMI and statistically the D-ED group had the highest BMI 
(p<0.05). The D-ED, ND-ED and control groups were compared 
for HDL and LDL levels and there was no statistically significant 
difference between the groups for these parameters. There was no 
difference in cholesterol levels between the D-ED and ND-ED 
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groups and the ND-ED and control groups, but the cholesterol 
level in the D-ED group was statistically elevated than in the 
control (p<0.05). There was no statistically significant difference 
in triglyceride levels between the D-ED and ND-ED groups, but 
the triglyceride level in the control was statistically lower than in 

the D-ED and ND-ED groups (p<0.05). In addition, the HbA1C 
level of the D-ED group was statistically higher than that of the 
ND-ED and control groups (p<0.05), and the difference between 
them was not statistically significant in HbA1c level between the 
ND-ED and control groups.

Table 1. Demographic characteristics of the participants

D-ED (n=49) ND-ED (n=55) Control (n=50) p value

Age 51.55±8.57a 46.44±12.57b 45.84±14.20b <0.05

BMI (kg/m2) 28.34±2.66a 24.14±2.8b 26.26±3.68c <0.05

Smoking (%) 57.14 50.9 60 -

HDL (mg/dL) 41.39±10.58 44±11.77 44.30±9.7 >0.05

LDL (mg/dL) 106.9±27.68 105.81±32.9 94.6±35.54 >0.05

Triglyceride (mg/dL) 174.04 (92-622)a 150 (37-777)a 125.5 (40-333)b <0.05

Cholesterol (mg/dL) 186±26.19a 179.45±45a,b 163±40.04b <0.05

HbA1c 7.29±1a 4.67±1.17b 4.83±0.63b <0.05

Groups marked with different letters were statistically different from each other; (p<0.05)

Serum Testosterone, Galanin, and Relaxin-3 Levels and 
IIEF-5 Score of the Participants 

Serum testosterone, galanin and relaxin-3 levels, and IIEF-5 
scores of the participants are given in Table 2. The IIEF-5 score 
of the D-ED group was statistically lower than that of the ND-ED 
and control groups (p<0.05), and the IIEF-5 score of the ND-ED 
group was also decreased than that of the control group (p<0.05).  
Serum testosterone levels in the control group were statistically 
higher than in the D-ED and ND-ED groups (p<0.05), but the 

difference between them was not statistically significant in serum 
testosterone levels between the D-ED and ND-ED groups. It was 
determined that the galanin level of individuals in the D-ED group 
was higher than that of individuals in the control and ND-ED 
groups (p<0.05). However, it was found that the galanin level of 
individuals in the ND-ED group decreased compared to healthy 
individuals (p<0.05). The serum relaxin-3 levels decreased in the 
D-ED and ND-ED groups compared to the healthy individuals 
(p<0.05). However, there was no statistical difference in serum 
relaxin-3 levels between the D-ED and ND-ED groups.

Table 2. Serum testosterone, galanin, and relaxin-3 levels and IIEF-5 score of the participants

D-ED (n=49) ND-ED (n=55) Control (n=50) p value

Testosterone (ng/dL) 350.57±175.21a 402.13±169.96a 483.32±94.26b <0.05

Galanin level (ng/L) 35.38±11.71a 11.77±2.48b 23.38±3.24c <0.05

Relaxin-3 level (ng/L) 228.6±45.87a  239.1±44.53b 402.31±125.08c <0.05

IIEF-5 score 11 (5-20)a 15 (5-21)b 23 (22-25)c <0.05

Groups marked with different letters were statistically different from each other; (p<0.05)

Correlations Between IIEF-5 Score, Serum Testosterone, 
Galanin, and Relaxin-3 Levels in the Current Study

The correlation analysis results between IIEF-5 score, serum 
testosterone, galanin, and relaxin-3 levels are given in Table 3. 
Correlation analysis demonstrated a negative correlation between 
serum galanin level and IIEF-5 score (r=−0.175, p=0.030). There 
was also a negative correlation between serum galanin level 
and serum testosterone level (r=−0.134, p=0.097). There was a 

significant positive correlation between serum relaxin-3 level and 
IIEF-5 score (r=0.694, p=0.0001). Again, there was a positive 
correlation between serum relaxin-3 and serum testosterone 
levels (r=0.370, p=0.0001). ROC curve was used to predict ED 
in diabetic patients using serum relaxin-3 levels. The cut-off 
value of serum relaxin 3 was 228.79 with a sensitivity of 71% 
and a specificity of 78% (AUC, 0.242; 95% CI, 0.168–0.316; 
p<0.0001) (Figure 1). 

Table 3. Spearman's analysis of the correlation between IIEF-5 score, serum testosterone, galanin, and relaxin-3 levels in the current study

IIEF-5 score Serum testosterone levels

Correlation coefficient p-value Correlation coefficient p-value

Serum galanin levels −0.175 0.030 −0.134 0.097

Serum relaxin-3 levels 0.694 0.0001 0.370 0.0001



DOI: 10.5455/medscience.2024.07.077Med Science 2024;13(3):661-6

664

 
Figure 1. Sensitivity and specificity of serum relaxin-3 in predicting erectile 
dysfunction in diabetic patients

Discussion
The ED is the inability to have an erection sufficient for initiation 
or maintenance of sexual intercourse. The pathology of ED 
in diabetic men is known to be multifactorial and complex, 
involving vascular, neurogenic, endothelial, and hormonal 
mechanisms, although the pathophysiology is still not clearly 
defined [1,2].

The ED is approximately three times more common in men with 
diabetes than in the normal population, and it occurs earlier age 
in people with diabetes than in people without diabetes - on 
average 10 to 15 years earlier [15]. Galanin and galanin receptors 
play a critical role in regulation of blood glucose levels and 
reproductive hormone levels [16]. Patients with impaired glucose 
tolerance have higher serum galanin levels, and galanin levels 
are negatively related to one-hour glucose levels [17]. Plasma 
glucose and galanin levels have been found to be high in patients 
with gestational diabetes (GDM), and it has been suggested that 
this high galanin level is a physiological adaptation to the high 
glucose levels associated with GDM [18]. In addition, galanin 
has been demonstrated to increase the concentration of GLUT4 
in muscle tissue of rats with T2DM and, in addition to insulin, to 
promote glucose clearance and insulin sensitivity [19]. Galanin 
may increase insulin sensitivity to lower blood glucose levels. 
The incompatibility between circulating high galanin levels 
and low glucose utilization observed in diabetic individuals 
is called galanin resistance. In short, both galanin and insulin 
resistance are interrelated [20,21]. Moreover, Sandoval-Alzate 
et al. stated that serum galanin levels were increased in obese 

individuals than in lean individuals, supporting the concept of 
galanin resistance [22]. In T2DM, galanin plays a critical role in 
maintaining insulin sensitivity and inhibiting insulin secretion to 
reduce hyperinsulinemia. Therefore, plasma galanin levels may 
be used as a new marker of insulin resistance and as a clinical 
measure of diabetes mellitus risk [13]. Moreover, galanin 
has been suggested to modulate reproductive behavior via 
neurotransmitters, neuromodulators, or receptors [16]. In recent 
years, galanin has been demonstrated to affect the HPG axis. The 
galanin and LHRH are co-localized and secreted together into the 
hypophyseal portal system [23]. Also, galanin increases LHRH 
secretion, thereby enhancing LH release [24,25]. In addition, it 
has been shown that administration of galanin antiserum reduces 
LH secretion and surge in proestrus [26,27]. These effects may 
possibly be mediated by hypothalamic galanin, which has been 
suggested to trigger the preovulatory gonadotropin surge [28]. 
However, there is also evidence that galanin may have a minor 
role in the regulation of the HPG axis in women [29]. In addition, 
galanin has been shown that administration has no effect on the 
release of GnRH, LH and FSH hormones [30]. The galanin gene 
expression in GnRH neurons is triggered by a gonad-dependent 
process during the transition from juvenile to adult state in rats 
[10]. In addition, galanin and galanin receptors have been showed 
to decrease in the corpus cavernosum of castrated rats, and it 
has been suggested that increasing galanin and GalR1-3 may 
improve erectile function [31]. However, intracerebroventricular 
infusion of galanin-like peptide to rats has been demonstrated 
to stimulate non-contact erections but not touch [32]. According 
to our results, the galanin levels in individuals with T2DM and 
ED increased compared to healthy individuals, and individuals 
with ED without diabetes. However, it was determined that 
the galanin level in individuals with ED without diabetes was 
reduced compared to healthy individuals. Based on these results, 
the increased level of galanin in T2DM suggest that it may play 
a role in insulin/galanin resistance, as stated in previous studies 
[20, 21]. However, the fact that galanin levels of individuals with 
ED without T2DM are lower than healthy individuals suggests 
that galanin may regulate the hormones in the reproductive axis. 
However, the increased galanin levels in individuals with T2DM 
and ED seem a little complicated and difficult to explain. This 
is because, so far, attempts have been made to determine the 
effect of galanin peptide by giving galanin peptide to rodents, 
but the relationship between serum galanin levels and sexual 
function/hormones has not been studied. In this regard, our study 
is a first and provides new data to the literature. In our study, 
another parameter, testosterone hormone level, was decreased 
in individuals with ED with T2DM and ED without T2DM 
compared to healthy individuals. In addition, the IIEF-5 score was 
decreased in individuals with ED with T2DM and ED without 
T2DM compared to healthy individuals. However, galanin level 
and both IIEF-5 score, and testosterone hormone levels were not 
parallel between the groups. According to our results, galanin 
peptide may play a more dominant role in regulating blood 
glucose levels rather than its role in reproductive functions.
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Relaxin family peptides have a high structural similarity to 
insulin. This family belongs to the relaxin/insulin superfamily, 
including insulin-like growth factors [33]. The relaxin-3 have 
a role in mammalian reproductive functions [34], possibly 
involved in HPG axis stimulation affecting Leydig cell function 
or spermatogenesis [35]. The overexpression of relaxin family 
peptide receptor 1 (RXFP1) via lentiviruses may ameliorate ED 
caused by diabetes mellitus [36]. The relaxin-3 induce the HPG 
axis [5] and reproductive status in male rats [37]. Relaxin-3 
stimulated the expression of GnRH, Kiss-1, and gonadotropin 
subunits in cell cultures consisting of mouse hypothalamus, 
pituitary and gonadal cells [38]. In addition, no differences in 
plasma relaxin-3 have been reported between patients with T2DM 
and controls [12]. In men with delayed puberty, it has been found 
that levels of LH, FSH, testosterone and relaxin-3 decrease. In 
addition, it has been shown that there is a positive relationship 
between serum relaxin-3 levels and testicular volume, serum 
testosterone, FSH and LH hormones, and a negative correlation 
with BMI [7]. According to our results, relaxin-3 levels decreased 
in individuals with T2DM, ED, and non-diabetic individuals 
with ED, compared to healthy individuals. The testosterone 
hormone and relaxin-3 hormone showed parallelism between 
the groups, but the IIEF-5 score, and relaxin-3 hormone did not 
show parallelism. In addition, according to our results, it can 
be said that the level of relaxin-3 hormone is not affected by 
the presence/absence of T2DM in individuals with ED, but the 
decrease in the level of relaxin-3 hormone may play a role in the 
emergence of ED.

Conclusion
According to our results, galanin levels were increased in 
individuals with diabetes and erectile dysfunction. In this regard, 
it can be suggested that galanin probably plays a more role in 
blood glucose homeostasis rather than ED. However, it can be 
said that the decrease in galanin may play a role in the ED due 
to the decrease in galanin levels in individuals with erectile 
dysfunction without diabetes compared to healthy individuals. 
In addition, since the level of relaxin-3 decreases in individuals 
with ED compared to healthy individuals, it can be suggested 
that relaxin-3 may play a role in erection formation.
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