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Introduction 

Erectile dysfunction (ED) is the inability to 
initiate or maintain a successful erection for 
vaginal intercourse. It is a disease with strong 
negative psychosocial effects, especially affecting 
men over the age of 40. Although ED is 
multifactorial, the main etiological causes can be 
listed as smoking, obesity, a sedentary lifestyle, 
diabetes mellitus (DM), and/or 
hypercholesterolemia (1). These etiological causes 
are the main cause of endothelial dysfunction. 
Endothelial dysfunction progresses to endothelial 
damage and atherosclerosis. Therefore, ED is 
often associated with systemic atherosclerosis, 
which causes inadequate endothelial nitric oxide 
secretion, insufficient vascular dilatation and 
blood supply to the corpora cavernosa (2). In 
addition, ED can develop with peripheral nerve 
damage, prolonged pudendal nerve conduction 
and autonomic nervous system dysfunction in 
Diabetes Mellitus disease besides vascular 
pathogens (3).  

The literature states that inflammation causes 
endothelial dysfunction and is involved in all 

stages of progression toward atherosclerosis. 
Endothelial cells are normally protected against 
the adhesion of inflammatory cells and their 
mediators. However, in the face of stimuli such as 
smoking, hypertension (HT), hyperglycemia, and 
hypercholesterolemia, the expression of adhesion 
molecules such as P-selectin and vascular cell 
adhesion molecule-1 in the endothelium is 
impaired, causing circulating monocytes and 
leukocytes to adhere to the endothelium (4). In 
addition, the migration of smooth muscle cells 
into the intima is important in the development of 
atherosclerosis. Vascular intima, which starts with 
the arrival of inflammatory cells and their 
mediators and smooth muscle migration, turns 
into a non-contractile synthetic structure. Cell 
differentiation occurs with the deterioration of the 
structure of contractile proteins as well as the 
increase in extracellular matrix components. In 
addition, fibrotic plaques occur in the vessel with 
foamy cells formed by macrophages. All these 
events begin with the migration of smooth muscle 
cells (5). Recently, the S100A4, which has been 
found to increase in smooth muscle cells with 
atherosclerosis, has attracted attention (6). In 
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addition, it has been reported that S100A4 release 
is increased in nerve cell damage (7). 

S100 proteins, which belong to the calcium-
binding protein family, are involved in many 
mechanisms in the body, such as cell apoptosis, 
cell proliferation, energy metabolism and 
inflammation. Consisting of 25 members, the S100 
proteins have intracellular, extracellular, and both 
intracellular and extracellular acting members. 
Intracellular S100 proteins interact with a variety 
of proteins, including enzymes, receptors, and 
transcription factors. These intracellular proteins 
are involved in proliferation, differentiation, 
apoptosis, Ca2+ hemostasis, energy metabolism, 
inflammation and cell migration. On the other 
hand, extracellular S100s regulate the activation of 
surface receptors, G protein-coupled receptors, 
heparan sulfate proteoglycans or N glycans with 
autocrine and paracrine effects. Extracellular 
S100s have been shown to activate cell 
proliferation, differentiation, cell survival, cell 
migration, and inflammation in normal and 
pathological conditions (8).  

The S100A4 has been found in the intima of 
arteries and other vessels as well as in the 
endothelium of capillaries. Apart from this, it is 
also found in many places such as kidney tubules, 
salivary glands, the stomach and the spleen. The 
S100A4 can be secreted by a wide variety of 
inflammatory and immune cells, the main sources 
of which are leukocytes, fibroblasts and 
macrophages. Moreover, binding of the S100A4 to 
target proteins leads to pro-inflammatory 
processes such as chemotaxis, cell migration, 
smooth muscle cell remodeling and angiogenesis. 
Although the relationship of the S100A4 with 
malignancy formation and prognosis has been 
investigated, studies have recently been published 
stating that it increases atherosclerosis and high 
levels of S100A4 are correlated with metabolic 
risk. It has also been reported that elevated 
S100A4 levels are associated with insulin 
resistance and cause diabetic retinopathy (8, 9 10, 
11) The other studies have shown that S100A4 
levels increase in nerve cell damage (3, 7,12 ) 

In this study, we investigated the relationship of 
S100A4 with ED and whether it could be an 
indicator in determining ED and ED severity. 

Material and Method 

Ethical approval and Volunteers: This prospective 
study was started after obtaining approval from the 
Van Yuzuncu Yil University Interventional Ethics 
Committee (date: 12.01.2022, no:06). The study was 

performed according to the criteria of the Declaration 
of Helsinki and consent forms were obtained from all 
patients. Between 01.02.2022 and 28.02.2022, a total 
of 88 volunteers aged 18-80, 44 with T2DM and 44 
without DM, were included in the study. All T2DM 
patients were selected from the patients who applied 
to the internal medicine outpatient clinic and were 
examined by the internal medicine doctor. The 
control group was selected from healthy individuals. 
Inclusion and Exclusion Criteria for Type 2 DM: 
The study had two groups; the subject group was 
composed of Type 2 diabetes mellitus (T2DM) 
patients, and the control group was composed of 
non-DM patients. The inclusion criteria for the 
subject group for this study were to be between the 
ages of 18-80 and have a diagnosis of T2DM. The 
exclusion criteria were patients with psychiatric or 
with an additional systemic disease (cardiac, cerebral, 
thyroid diseases, inflammatory diseases, cancer), 
major pelvic surgery, penile or testicular abnormality 
or operation, prolactin or testosterone abnormality, 
patients that were outside the age range of 18-80 years 
or were using drugs such as steroids or anti-
inflammatory. At the beginning of the study, patients’ 
age and body mass index (BMI) values, fasting 
glucose levels, glycosylated hemoglobin, prolactin and 
testosterone were recorded for all patients. All blood 
samples were taken from patients after fasting for at 
least 12 hours (no food, drink, or smoke), between 
08:00 and 10:00 in the morning. 
Inclusion and exclusion criteria for the control 
group: The criteria for inclusion in the control group 
were to be between the ages of 18-80 and not have 
DM diagnoses. The exclusion criteria for the control 
group were patients that were diagnosed with DM, 
psychiatric or additional systemic disease (cardiac, 
cerebral, thyroid diseases, inflammatory diseases, 
cancer), undergoing major pelvic surgery, having a 
penile or testicular abnormality or operation, having 
prolactin or testosterone abnormality, being outside 
the age range of 18-80 years, using drugs such as 
steroids or anti-inflammatory. 
Erectile function evaluation: The erectile function 
status of the patients was evaluated with the 
International Index of Erectile Function-5 (IIEF-5). 
This form consists of 6 questions, each of which 
consists of 6 options. The score varies between 0 and 
30 according to the answers given by the individuals. 
Patients with an ED score of 26-30 are considered 
healthy, while 22-25 is mild, 17-21 is mild-moderate, 
11-16 is moderate, and 0-10 is severe (13). According 
to these scores, it was accepted as level 0, level 1, level 
2, level 3 and level 4, respectively. 
Obtaining Serum Samples: Whole blood samples 
taken from both the T2DM and control groups were 
placed in dry biochemistry tubes with yellow caps and 
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were centrifuged at 3500 xg for 10 min. Routine 
biochemistry parameters, prolactin, and testosterone 
measurements were examined in the serum samples 
remaining in the upper part of the tube. Serum 
prolactin and testosterone measurements were 
performed in the Abbott Architect I6200 SR device 
using the chemiluminescent microparticle 
immunological method, with the appropriate 
calibrator, control and kit. The remaining serum 
samples were stored at -80o C until other parameters 
were measured. In addition, HbA1c measurements 
were taken from the blood that was drawn into 
hemogram tubes. 
Measurement of S100A4 in Serum Samples: 
Measurement of S100A4 in serum samples was 
measured by the Enzyme-Linked Immunosorbent 
Assay (ELISA) method using commercially purchased 
ELISA kits (ELISA, YL biont, Shanghai YL Biotech 
Co., Ltd) by following the kit insert. 
Statistical Analysis: Statistical analysis was 
performed using the SPSS package program (Version 
21). Descriptive statistics for the groups were 
presented as the mean and standard deviation. To 
assess the normal distribution of data within the 
groups, the Shapiro-Wilk test was employed. Given 
the non-normal distribution of the groups, the Mann-
Whitney U test was utilized to assess significant 
differences between groups for the same parameter. 
Furthermore, the relationship between S100A4 and 
erectile dysfunction (ED) levels was examined 
through one-way ANOVA analysis. Then, multiple 
comparisons of ED levels were made with the post-
hoc test. In addition, the relationship structure 
between S100A4 and ED levels was analyzed by 
Pearson biserial correlation analysis. In addition, 
multiple ordinal-logit regression analysis was used to 
determine the predictors affecting the ED level. The 
complementary-logit model was used for the 
connection function of the regression model 
established between the predictors and ED levels. 
The significance of the parameters related to the 
predictions of the predictors was checked by chi-
square analysis. The validity of the regression model 
was examined with the -2 Log-Likelihood test and the 
coefficient of determination (R2) was calculated for 
the performance of the model. Results with a p-value 
of 0.05 or less were considered significant. 

Results 

Demographic Data: While the mean age of the 44 
T2DM patients participating in our study was 51.98 
±10.91, the mean age of the 44 patients in the control 
group was 53.77 ±12.46 years (p=0.312) and there 
was no significant difference between them. This 

result showed that the age distribution of the 
volunteers was similar in both the T2DM and healthy 
control groups. In addition, statistical data in terms of 
the presence of hypertension, smoking and 
dyslipidemia in both healthy control and T2DM 
groups are seen in detail in Table 1. Furthermore, 
information on drug use and sugar regulation in the 
T2DM group is shown in detail in Table 1.  
Biochemical Results: Table 2 represents the results 
of the HbA1c analysis of the whole blood samples 
and the biochemical parameters that were measured 
in the serum samples. According to the results 
obtained, the prolactin values of the T2DM group 
were close to the control group’s values and there was 
no significant difference between them (p=0.970). 
However, the testosterone levels of the T2DM group 
were significantly lower than the control group’s 
(p=0.011). When the serum glucose levels were 
analyzed, the serum glucose levels of the T2DM 
group were higher than those of the control group 
(p=0.001). In addition, the mean HbA1c of the 
T2DM group was 7.71 ±0.11 while it was 4.66 ±0.08 
in the control group (p=0.001). The other results 
were shown in Table 2 and Figure 1. 

When the situation was examined in terms of ED 
rate or mean, the ED means of the T2DM group 
were considerably higher than that of the control 
group (p=0.010). 

In this study, we investigated how the S100A4 
levels changed in the control and patient groups 
according to their ED levels (Table 4). S100A4 
levels corresponding to ED levels in the control 
group showed that ED levels also increased in 
response to increasing S100A4 levels (Table 3 and 
Figure 2). However, the increase in the S100A4 
levels corresponding to the 1st and 2nd ED levels 
in the control group were not significant 
according to each other. In addition, the increase 
in the S100A4 levels corresponding to the 4th ED 
level was significant according to the other ED 
levels. Additional detailed results were showed in 
Table 3. 

In this study, we determined the relationship 
structure between ED levels and S100A4 levels in 
the control group using a Pearson Point-Biserial 
Correlation analysis (Figure 3). According to the 
Pearson Point-Biserial Correlation curve results, 
the S100A4 levels increased as the ED levels 
increased in the control group. However, the 
highest increase was observed in the S100A4 
values corresponding with the 4th ED level. In 
addition, the degree of correlation between the 
ED level and S100A4 levels in the control group 
was 80% (r=0.8, p=0.001). 
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Table 1: Demographic Data of Healthy and Diabetes Volunteers  

 Healthy Control Group 
(n=44) 

Mean ± SD 

Diabetes Group 
(n=44) 

Mean ± SD 

Age (years)  53.77±12.46 51.98±10.91 
BMI ( kg/m² )  23.14 ±4.82 26.31 ±4.03 
Dyslipidemia  + 8 (18.2%) 13 (29.6%) 

- 36 (81.8%) 31 (70.4%) 
Hypertension + - 24 (54.5%) 

- - 20 (45.5%) 
Smoking status Smoking 17 (38.6%) 20 (45.4%) 

No smoking 27 (61.4%) 24 (54.6%) 
BMI: Body Mass Index, SD: Standard Deviation 

 

Table 2: Mean and Standard Error of Mean Values of Biochemical Parameters 

 Control 

Mean ± SD 

Diabetes 

Mean ± SD 
*p value 

Prolactin 
(ng/ml) 

8.86±0.55 8.82±0.57 
0.970 

Testosterone 
(nmol/L) 

18.66±0.86 15.88±0.85* 
0.011 

Glucose 
(mg/dL) 

85.09±1.17 175.32±12.24* 
0.001 

HbA1c 4.661±0.08 7.71±0.11* 0.001 

S100A4 1.20±0.02 1.32±0.02* 0.001 

ED score 17.68±6.30 26.31±4.03* 0.001 

*p: Significant compared to the control group (p<0.05), SD: Standard deviation  

 

Table 3: Mean and Standard Deviation Values of S100A4 Levels Corresponding To Different ED Levels 
In The Control And Diabetes Groups 

 ED levels  

 0th level 1st level 2nd level 3rd level 4th level p value 

Groups Mean ±SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD  

Control  1.130±0.03d 1.189± 0.015c 1.227±0.024c 1.272 ±0.038b 1.72 ± 0.020a 0.001 

Diabetes 1.199±0.48d 1.241± 0.027d 1.311±0.023c 1.390± 0.055b 1.533 ±0.038a 0.001 
a,b,c,dp: Values with different letters in the same line are significantly different from each other. (p<0.001) SD: 
Standard deviation 

 

Furthermore, we conducted an investigation into 
the diverse correlations between levels of erectile 
dysfunction (ED) and S100A4 levels within the 
control group using multiple correspondence 
analysis (MCA) as outlined in Table 4. Analyzing 
the relationship structure between variables in 
scenarios with a substantial number of categories 
can be challenging when utilizing cross tables. 
MCA facilitates the quantification of nominal 
(categorical) data by assigning numerical values to 
cases (objects) and categories. This approach 
divides variables into homogeneous subgroups 
based on categories. Through MCA analysis, the 

relationship structure between categorical and 
continuous variables can be easily interpreted on a 
diagram, utilizing a dimension reduction method 
to represent them in a two-dimensional space. 
This diagram illustrates a strong correlation 
between objects within the same category, situated 
closely to each other, while indicating a weaker 
correlation between objects in different categories, 
positioned farther apart (14,15,16). 

Analyzing the two-dimensional ED levels and 
S100A4 levels graph (Figure 4), the initial zero ED 
level was associated with low S100A4 levels (1.05-
1.17), while the 1st, 2nd, and 3rd ED levels were  
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Table 4: Model Performance Results of the MCA Diagram to Summarize The Multi-Correlation Structure 

Between The ED And S100a4 Levels of The Control Group  

 

Dimension 

 

Cronbach's Alpha 

Variance Accounted For 

Total (Eigenvalue) Inertia % of Variance 

1 1.000 2.000 1.000 100.000 

2 0.955 1.913 0.956 95.650 

1: Vertical dimension, 2: Horizontal dimension 
 

Table 5: Model performance results of the MCA Diagram to Summarize the Multi-correlation Structure 
Between the ED and S100A4 levels of the DM Group 

 

Dimension 

 

Cronbach's Alpha 

Variance Accounted For 

Total (Eigenvalue) Inertia % of Variance 

1 0.962 1.926 0.963 96.297 

2 0.877 1.781 0.890 89.041 

1: Vertical dimension, 2: Horizontal dimension 

 

Table 6: Mean and Standard Deviation Values of S100A4 Levels Corresponding to Different S100A4 
Scores In The Control and Diabetes Groups 

 ED Levels  

 0th level 1sd level 2nd level 3rd level 4th level p value 

 Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD  

Total 
S100A4 
Levels 

 

1.15 ± 0.05c 

 

1.21 ± 0.03c 

 

1.28 ± 0.05b 

 

1.34 ± 0.08b 

 

1.56 ± 0.08a 

 

0.001 

a,b,c,dp: Values with different letters on the same line are significant relative to each other. (p<0.001)  
SD: Standard deviation 

 

associated with low to moderate S100A4 levels 
(1.18-1.28). However, the 4th ED level was found 
to be associated with the highest S100A4 levels 
(1.69-1.72) (Figure 4). The total variation rate of 
the MCA diagram (Figure 4), which explains the 
relationship structure between the ED and 
S100A4 levels of the control group, was found to 
be 97.8%. This result showed that the diagram 
explained a high percentage of the relationship 
structure between the variables (Figure 4) 

In this study, we determined how the S100A4 
levels changed with different ED levels in the 
T2DM group. Our results showed that as ED 
levels increased in the T2DM group, their 
corresponding S100A4 levels also increased (Table 
3 and Figure 2). However, although the increase in 
S100A4 levels corresponding to the zero and 1st 
ED levels was not significant, the increase in 
S100A4 levels corresponding to the 2nd, 3rd, and 
4th ED levels was significant (p<0.001). 

In this study, we determined the relationship 
between ED and S100A4 levels in the T2DM 
group using a Pearson Point-Biserial Correlation 
analysis (Figure 3). According to the Pearson 

Point-Biserial Correlation curve results, S100A4 
levels increased as the ED level increased in the 
T2DM group (p<0.001). However, the sharpest 
increases were observed in the S100A4 levels that 
corresponded to the 2nd, 3rd and 4th ED levels 
(p<0.001). In addition, the degree of correlation 
between ED and S100A4 levels in the T2DM 
group was 91% (r=0.91, p=0.001). 

In addition, the multi-correlation structure 
between different ED levels and S100A4 levels in 
the T2DM group was examined using multiple 
correspondence analysis (MCA) (Figure 4). When 
the two-dimensional ED and S100A4 levels graph 
is examined (Figure 4), baseline zero and 1st ED 
levels were associated with low S100A4 levels 
(1.16-1.22), while level 2 ED was associated with a 
low (1.26-1.35) S100A4 level. A level 3 ED level 
was found to be associated with a moderate (1.35-
1.40) S100A4 level. However, a level 4 ED level 
was found to be associated with the highest 
S100A4 levels (1.43-1.58) (Figure 4). The total 
variation rate of the MCA diagram (Figure 4), 
which explains the relationship structure between 
the ED levels and the S100A4 levels in the T2DM  
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Table 7: Model Performance Results of The MCA Diagram To Summarize The Multi-Correlation 
Structure Between The ED and S100A4 Levels of the DM and Control Groups 

 

Dimension 

 

Cronbach's Alpha 

Variance Accounted For 

Total (Eigenvalue) Inertia % of Variance 

1 0.963 1.930 0.965 96.476 

2 0.901 1.820 0.910 90.987 

1: Vertical dimension, 2: Horizontal dimension  

 

Table 8: The Effect of Different Factors on S100A4 Levels In The Control and Diabetes Groups   

 Use of the drug in the diabetes group  

OAD Insulin *p 

Mean SEM Mean SEM  

S100A4 1.308 0.017 1.412 0.048 0.030 

 Sugar regulation in the diabetes group  

1.00 2.00 *p 

Mean SEM Mean SEM  

S100A4 1.300 0.015 1.492 0.043 0.001 

 Dyslipidemia in all the volunteers  

non-dyslipidemia Dyslipidemia *p 

Mean SEM Mean SEM  

S100A4 1.229 0.011 1.358 0.036 0.002 

 Smoking history in all the volunteers  

No smoking Smoking *p 

Mean SEM Mean SEM  

S100A4 1.219 0.011 1.317 0.025 0.001 

 Hypertension status in the diabetes group  

non-hypertension hypertension *p 

Mean SEM Mean SEM  

S100A4 1.240 0.012 1.390 0.096 0.001 

OAD: Oral Antidiabetic, 1.00: Sugar Regulated, 2.00: Sugar non Regulated, SEM: Standard Error of Mean 
 

group, was found to be 92.67%. This result 
showed that the diagram explained a high 
percentage of the relationship structure between 
the variables (Table 5). 

We determined how the S100A4 levels changed 
with different ED levels of all the patients in both 
the control and T2DM groups. Our results 
showed that S100A4 levels increased as the ED 
levels of all patient groups increased (p<0.001). 
Although the increases in the S100A4 levels 
corresponding to the zero and 1st ED levels of all 
samples and the ED levels corresponding to the 
2nd and 3rd ED levels were not significant in and 
of themselves, there was a significant difference in 
the 4th ED level (p<0.001, Table 6 and Figure 2). 

In this study, we determined the relationship 
between ED levels and S100A4 levels of all the 
control and T2DM groups’ patients using a 
Pearson Point Biserial Correlation analysis (Figure 

3). According to the Pearson Point Biserial 
Correlation curve results, the S100A4 levels 
increased as the ED level increased (p<0.001). 
However, the sharpest increase was observed in 
S100A4 levels corresponding to the 4th ED level 
(p<0.001). In addition, the degree of correlation 
between ED levels and S100A4 levels of the 
patients of both groups participating in the study 
was 84.4% (r=0.844, p=0.001). 

When we look at the MCA analysis shown in 
figure 4, we found that the lowest S100A4 levels 
of the patients of both groups were highly 
correlated with the initial zero and 1st ED levels, 
and moderate S100A4 levels were highly 
correlated with the 2nd and 3rd ED levels. 
Additionally, the highest S100A4 levels were 
found to be highly correlated with the 4th ED 
level. As can be seen in Figure 4, the S100A4 
levels associated with the 4th ED level were found  
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Fig. 1. Comparison of the results of the parameters and ED scores between the control and T2DM groups. *p: 

significant compared to the control group (p˂0.05) 
 

 
Fig. 2. Comparison of S100A4 levels corresponding to different ED scores of the control group, T2DM group and 
all the patients in both groups with Box Plot graph  

 

 
Fig. 3. Comparison of S100A4 levels corresponding to different ED scores of the control group, T2DM group and 
all the patients in both groups with the person correlation curve  

 

to be significantly different from other S100A4 
levels. The variance explanation rate was taken 
into account as the model performance criterion 
of the MCA diagram. The total variance rate of 

the two dimensions was found to be 93.73% on 
average (Table 7). This result shows that the 
diagram explains a high percentage of the 
relationship structure between the variables. 



 
Demir et al / Erectile Dysfunction and S100A4  

 

 

 

East J Med Volume:29, Number:3, July-September/2024 
 

283 

In addition, it was investigated how S100A4 levels 
changed with factors such as drug use, smoking 
and hypertension. In the diabetes group, as well as 
sugar regulation and hypertension, insulin use was 
found to increase S100A4 levels according to 
OAD. In addition, it was determined that the 
presence of dyslipidemia and smoking increased 
S100A4 levels in healthy and diabetic groups. 
Other detailed information can be seen in Table 8.  

It was examined with the -2 Log-Likelihood 
method that the multivariate ordinal-logit 
regression model used to determine the predictors 
affecting ED levels gave sufficient estimates and it 
was found that the model was sufficient 
(p=0.000). In addition, the coefficient of 
determination (R2) for the performance of the 
obtained regression model was calculated and 
found to be 68.1%. Accordingly, it was observed 
that the predictors who worked with the obtained 
regression model contributed 68.1% to the change 
in ED levels. 

Discussion 

Our thorough literature review indicates that this 
study represents the pioneering effort to explore 
the connection between S100A4 and ED.  In our 
study, we showed that as the S100A4 level 
increased, the severity of ED in both the T2DM 
and the control group also increased. 

T2DM is one of the most common comorbidities 
of ED. The rate of ED in men with T2DM ranges 
from 35% to 90%. In addition, the annual 
incidence rate of ED in men with T2DM is twice 
that of the normal population. There is a 
multifactorial relationship between T2DM and 
ED. However, the most alleged cause is vascular 
causes and peripheral and autonomic neuropathy. 
Endothelial damage that is caused by 
hyperglycemia progresses toward atherosclerosis. 
Since penile vessels are thin, they are affected 
earlier by atherosclerosis. Therefore, ED is 
considered an early marker of atherosclerosis (17). 
ED may also develop in patients with DM due to 
autonomic nervous system dysfunction and 
peripheral nerve damage. As expected, in our 
study, there was a significant difference between 
fasting blood glucose values and HbA1c levels 
between the T2DM and control groups. In a study 
conducted by Maalmi et al., the mean ED levels of 
the T2DM patients were higher than the mean ED 
levels of the control group (18). In our study, we 
also found the mean of ED levels of the T2DM 
group to be higher than the mean of ED levels of 

the control group. This result was consistent with 
other studies in the literature as well (19,20) 

The reason why we included T2DM patients in 
our study was to obtain a patient group with a 
higher probability of developing atherosclerosis 
and peripheral neuropathy. We found that the 
T2DM group had higher mean S100A4 and ED 
levels compared to the control group, which met 
our expectations in this study. In a study by 
Cheung et al., they reported that the testosterone 
level of patients with T2DM decreased (21). 
Likewise, Dianatti and Grossmann (2020) stated in 
a study that testosterone levels may decrease in 
T2DM patients (22). In our study, we also found 
that serum testosterone levels decreased in the 
T2DM group compared to the control group. The 
results of our study also revealed similar results, 
by following the literature. However, since we 
excluded patients with testosterone levels outside 
the reference range and the decreasing 
testosterone levels in the T2DM group were also 
within the reference range, we think that the 
change in ED levels was not due to decreased 
testosterone levels. 

One of the mechanisms of erectile dysfunction in 
diabetic men is neuropathy. This mechanism acts 
on both the autonomic and peripheral nerves. It 
has been shown in the literature that this damage 
in patients with diabetes is associated with early 
somatic and autonomic nerve dysfunction 
resulting from delayed stimulation of the pudendal 
nerve (23). In addition, it has been stated that 
another synthesis site of S100A4s besides vessels 
is neurons. Studies have reported that its level is 
increased in central and peripheral nerve injuries 
(12, 24,25 ). In a study in which neurons were 
cultured, it was reported that S100A4 level did not 
increase in healthy neurons, but S100A4 level 
increased in damaged nerves (26). In addition, it 
has been shown that S110A4 level increases in 
cases of brain trauma and epilepsy (27). In another 
study, it was reported that S100A4 level increased 
due to peripheral nerve neuropathy (28).  Our 
study showed that increased ED scores were 
associated with increased S100A4 levels. In 
diabetic patients, ED is particularly associated 
with vascular and peripheral neuropathy. Although 
increased S100A4 levels in cases of smoking, 
dyslipidemia and hypertension suggest that this is 
more related to vascular causes, increased S100A4 
scores may be associated with both vascular and 
neuropathic causes. 

Today, it is known that vascular causes are 
involved in 80% of the etiology of ED. If the 
vessels feeding the penile corpus cavernosum 
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expand with appropriate stimuli but cannot 
convey enough blood to the penis, an erection 
cannot occur. A relationship was found between 
the severity of ED and the occluded vessels in 
cardiovascular diseases. The incidence of both ED 
and coronary artery disease is increased in 
smokers, patients with T2DM, HT, and 
hypercholesterolemia. The reason for this is that 
endothelial dysfunction lies in the pathogenesis of 
both diseases. In the case of endothelial 
dysfunction, the Nitric Oxide-Cyclic Guanosine-3-
5-Monophosphate (NO-cGMP) system in both 
arterial structures and cavernosal structures is 
adversely affected and adequate dilatation cannot 
be achieved (29,30). This mechanism illustrates 
the commonalities of vascular ED and arterial 
diseases. ED is an expression of endothelial 
dysfunction, because the penis, which has a 
smaller artery structure, may be more sensitive to 
endothelial dysfunction than the vessels of the 
brain, heart and other organs. Another important 
reason is that penile arteries are end arteries and 
cannot compensate for arterial damage with 
collateral arteries like other organs can. Therefore, 
ED has been considered a predictor of 
cardiovascular diseases (30,31). 

The relationship of the S100A4, which is known 
to be associated with cancer diseases, has recently 
attracted attention (8, 32) Studies have found that 
occludin and cadherin, which are intercellular tight 
junction proteins, decrease in parallel with high 
S100A4 expression and cause endothelial damage. 
After the damage to the endothelium, 
inflammation begins in the tissue. With the onset 
of inflammation, the S100A4 adheres to the 
vascular intima and causes smooth muscle cell 
migration to the intima. Macrophages that settle 
on the intima cause foamy cells to form, and 
fibrotic tissue and plaques form in the artery (33). 
Sakic et al. reported that inflammation and 
atherosclerosis were reduced, while lipid 
metabolism was not affected after administration 
of S100A4 protein-specific neutralizer mouse 
monoclonal IgG1 isotype (clone 6B12) in mice 
with atherosclerosis induced by a high cholesterol 
diet for 6 weeks (6). This showed that S100A4 
increased inflammation and atherosclerosis, while 
the monoclonal IgG1 isotype could eliminate 
these effects. In a study, it was shown that the 
S100A4 is not found in cardiac myocytes, but that 
there is a strong S100A4 expression in cardiac 
myocytes after myocardial infarction (MI). This 
indicates that the S100A4 may be associated with 
increased inflammation, fibrosis and angiogenesis 
in the damaged area (34). 

In a research investigation, it was noted that the 
existence of plexiform lesions in the pulmonary 
arteries of a mouse exhibiting heightened levels of 
S100A4/Mts1 could play a significant role in the 
development of this protein and contribute to the 
pathogenesis of clinical exogenic arteriopathy and 
pulmonary hypertension (35). Moreover, S100A4 
was identified in the endothelial cells of external 
lesions in mice and the smooth muscle cells of the 
neointima in human pulmonary arteries. The 
expression of this protein was found to be 
particularly intense in obstructive lesions (35). 
Furthermore, an increase in S100A4 levels was not 
observed in the initial stages of pulmonary 
hypertension in lung biopsies conducted on 
children with the condition. It was reported that 
the excessive secretion of S100A4 in the later 
stages of the disease may indicate impaired 
arteriopathy (36). 

Our study found that S100A4 levels increased 
significantly in both the T2DM group and the 
control group, in line with the increase in ED 
severity found in the above studies (34,35). Our 
study also revealed a strong positive correlation 
between ED levels and S100A4 levels. In addition, 
smoking and hypertension were found to be 
positively associated with ED severity and 
increased S100A4.  

Limitations: The limitations of our study are the 
lack of a clear marker to show ED and the fact 
that this procedure could not be performed 
because the patients did not voluntarily accept the 
procedure due to the side effects of the phenyl 
doppler ultrasonography procedure, which is used 
to show penile vascular damage.  

Our study also showed a strong positive 
correlation between ED levels and S100A4 levels. 
In addition, smoking and hypertension were found 
to be positively associated with ED severity and 
increased S100A4. The data indicates that the 
S100A4 may be used in the diagnosis and/or 
scoring of ED. However, to verify this result, 
more detailed experimental studies are needed to 
compare penile Doppler Ultrasonography 
diagnosed vascular injury and ED with S100A4 
levels. In addition, studies to be carried out with 
antibody treatment can be a guide for possible ED 
treatment. 
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