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Diabetes Mellituslu Erkek Hastalarda Akut-Kronik Glisemik Oran ile

Erektil Disfonksiyon Arasindaki iliskinin Degerlendirilmesi:
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ABSTRACT Objective: The aim of this study was to investigate the
possible association between the acute to chronic (A/C) glycemic ratio
and the presence of erectile dysfunction (ED) in diabetic men. Mate-
rial and Methods: A total of 104 diabetic men, 45 of whom had ED
while 59 did not, were retrospectively enrolled in this study. Clinical
examination and laboratory analyses including A/C glycemic ratio,
serum fasting glucose, hemoglobin Alc, lipid profile, and total testos-
terone were analyzed. Results: The total testosterone levels were lower
in the diabetic ED patients compared to the non-ED diabetic partici-
pants (4.49 ng/dL vs 4.80 ng/dL, respectively). However, the difference
was not statistically significant (p=0.093). Mean high-density lipopro-
tein cholesterol levels were significantly lower in the diabetic ED pati-
ents than in the controls (40+9 mg/dL vs 44+10 mg/dL; respectively;
p=0.030). Although the median A/C glycemic ratios were higher in the
diabetic ED patients (1.28+0.23 vs. 1.18+0.32), no statistical signifi-
cant differences were noted between the two groups (p=0.054) Con-
clusion: The strong relationship between diabetes mellitus (DM) and
ED demands caution since DM is a common disease in the population.
We believe that developing biomarkers for the early diagnosis of ED
will help provide treatment and improve the life quality of patients. Alt-
hough we could not find a statistical relationship between the A/C
glycemic ratio and ED in our study results, we think that further well-
designed prospective studies are needed in this area.

Keywords: Acute to chronic glycemic ratio; diabetes mellitus;
erectile dysfunction

OZET Amac: Bu calismanin amact, diyabetik erkeklerde akut-kronik
(A/K) glisemik oran ile erektil disfonksiyon (ED) arasindaki
muhtemel iligkiyi arastirmaktir. Gere¢ ve Yontemler: Kirk besinde
ED olan 59’unda olmayan toplam 104 diyabetik erkek retrospektif
olarak caligmaya dahil edildi. Klinik muayeneleri ve A/K glisemik
orani, serum aglik glukoz, hemoglobin Alc, lipid profili ve total
testosteron diizeyleri dahil olmak iizere laboratuvar bulgular ince-
lendi. Bulgular: Total testosteron diizeyleri diyabetik ED hastalarinda
ED olmayan diyabetik katilimcilara gore daha disiiktii (4,49 ng/dL
vs 4,80 ng/dL, sirasiyla) ancak bu fark istatistiksel olarak anlamli
degildi (p=0,093). Ortalama yiiksek-yogunluklu lipoprotein kolesterol
diizeyleri diyabetik ED hastalarinda kontrollere gére anlamli olarak
daha diistiktii (40+9 mg/dL vs 44+10 mg/dL; sirastyla; p=0,030). Or-
tanca A/K glisemik oranlart ED hastalarinda daha yiiksek olsa da
(1,28+0,23 vs. 1,18+0,32), 2 grup arasinda istatistiksel anlaml
farklilik izlenmedi (p=0,054). Sonug: Diabetes mellitus (DM) ve ED
arasindaki giiglii bir bag bulunmasi ve DM nin toplumda sik bir
hastalik olmasi sebebiyle bu iliskiye dikkat edilmelidir. ED’nin erken
tanisi i¢in biyobelirtecler gelistirmenin tedavide ve hastalarin yasam
kalitesini artirmada yardimci olacagina inaniyoruz. Calisma
sonuglarimizda, A/K glisemik orani ve ED arasinda istatistiksel
anlaml iliski bulamasak da bu konuda gelecekte iyi tasarlanmis
prospektif caligmalara ihtiya¢ duyuldugu diisiincesindeyiz.

Anahtar Kelimeler: Akut-kronik glisemik oran; diyabetes mellitus;
erektil disfonksiyon

Erectile dysfunction (ED) is a common sexual
dysfunction of men, in which there is a failure in
achieving adequate penile erection for the sexual in-
tercourse.'? Several factors have been shown to be

related with the development of ED, such as aging,
smoking, diabetes mellitus (DM), cardiovascular dis-
orders (CVD), hypertension (HT), anxiety, and de-
pression, among which DM is considered as a major
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determinant.’® The increased risk of ED among dia-
betic men has been well established. It is thought that
75% of diabetic men will experience ED at some
point in their lifetimes, probably at a younger time
compared with the non-diabetic population.® It was
also reported that diabetic men are more likely to
have ED compared with non-diabetic males.” Various
mechanisms contribute to the pathophysiology of ED
in DM, such as impaired endothelial function, neu-
ropathy, cummulation of glycation and oxidation
products.®

ED is an important health issue that causes im-
pairment in the life quality of patients, and it causes
an extra burden on the health care systems. Early pre-
diction of ED in diabetic patients may increase the
treatment success. Recently, a novel index called the
acute-to-chronic (A/C) glycemic ratio has been in-
troduced. The A/C glycemic ratio is calculated by di-
viding the admission blood glucose (ABG) glycemic
value by the chronic [based on glycated hemoglobin
(HbA1lc)] glycemic value. The A/C ratio is consid-
ered a more valuable prognostic marker than diabetes
status and acute or chronic glycemic values alone.>!°

Thus, the aim of this study was to assess whether
there is a relationship the between the A/C glycemic
ratio and the presence of ED in men with DM.

I MATERIAL AND METHODS

A total of 104 patients were retrospectively enrolled
between January 2019 and October 2020 in this
study. Forty-five of the subjects were ED patients
who were also diagnosed with DM, and 59 age-
matched diabetic patients without ED (who were ad-
ministered to our department for transurethral
resection) comprised the control group. All the sub-
jects had type 2 DM. The description of ED was
made based on the results of the validated Turkish
version of the 15-item International Index of Erectile
Function (IIEF-15) survey. Erectile function domain
total score <26 defined the parameter for ED.!" All
steps of the study were planned and performed ac-
cording to the World Medical Association Declara-
tion of Helsinki. All patients signed the informed
consent demonstrating the permission of the patients
for usage of their clinical data in future clinical stud-
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ies. Ethical approval was approved by the local ethics
comittee of University of Health Sciences,
Haydarpasa Numune Training and Research Hospital
(HNEAK-KAEK 2021/KK/34).

A clinical evaluation was performed for all the
patients. Demographic features, smoking habits, and
the DM and HT status of the patients were recorded.
The body mass index (BMI) was calculated by di-
viding the individual’s weight in kilograms by the
square of the height in meters.!? The levels of serum
fasting glucose, hemoglobin Alc (HbAlc), low-den-
sity lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), total cholesterol,
and total testosterone were analyzed. Venous blood
samples were taken from the participants between
08:00 and 10:00 in the morning after a 12-hour fast-
ing period. Laboratory tests were performed by using
standard methods.

The average chronic glucose levels were mea-
sured as follows by using HbAlc:

Estimated chronic glucose levels (mg/dL)=
[(28.7xHbAlc %)-46:7].° The A/C glycemic ratio
was measured by dividing ABG at baseline and the
estimated chronic glucose levels.

STATISTICAL ANALYSIS

The Number Cruncher Statistical System 2007
(NCSS; Kaysville, Utah, USA) program was used for
the statistical analysis. The Kolomogrov-Smirnov test
was used to analyze normality. The descriptive data
were expressed with mean+standard deviation, me-
dian (interquartile range), numeric variables, fre-
quency, and percentages. In the analysis of normally
distributed variables, Student’s t-test was applied to
examine the differences between the normally dis-
trubited quantitative data. The differences between
the two independent groups were examined using the
non-parametric Mann-Whitney U test for the non-
normally distributed variables. A Pearson chi-square
test was used to compare qualitative data; p<0.05 was
considered statistically significant.

I RESULTS

A total of 45 diabetic patients with ED and 59 dia-
betic controls without ED were included in the study.
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TABLE 1: Demographic and laboratuary data of the whole study group.
Median
n% Mean+SD (interquartile range)

Age (years) 55+10
Body mass index (kg/m?) 27.92 (25.19-30.42)
Hypertension No 41 (%39.4)

Yes 63 (%60.6)
Smoking Never 37 (%35.6)

Yes 39 (%37.5)

Quitter 28 (%26.9)
Total testosterone (ng/dL) 4.75 (3.74-6.10)
Admission blood glucose (mg/dL) 174 (157-192)
HbA1c (%) 6.6 (6.1-7.1)
Acute/Chronic hyperglycemia ratio 1.22+0.28
Estimated chronic glucose values (mg/dL) 141.66 (132.63-151.46)
Total cholesterol (mg/dL) 206 (186-222)
HDL-C (mg/dL) 42410
LDL-C (mg/dL) 123+30
SD: Standard deviation; HDL-C: High density lipoprotein cholesterol; LDL-C: Low density lipoprotein cholesterol.
The demographic features and the disease character- I
DISCUSSION

istics of the study population are shown in Table 1.
No significant differences were observed in terms of
age or BMI values between the diabetic ED patients
and the controls (p=0.846, p=0.898, respectively).
Smoking habit and the presence of HT were similar in
the two groups (p=0.58, p=0.085; respectively). The
total testosterone levels were lower in the diabetic ED
patients than in the non-ED diabetic patients. However,
the difference was not statistically significant (4.49
ng/dL vs 4.80 ng/dL, respectively; p=0.093). When the
lipid parameters were compared between the two
groups, the total cholesterol and LDL-C levels showed
no statistical differences between the two groups
(p=0.235, p=0.478; respectively). The mean HDL-C
levels were significantly lower in the diabetic ED pa-
tients compared to the controls (40+9 mg/dL vs. 44410
mg/dL; respectively; p=0.030).

Although the levels of median ABG, the median-
estimated chronic glucose levels, and the median A/C
glycemic ratios were higher in the diabetic ED pa-
tients (183 mg/dL vs. 166 mg/dL; 141.12 mg/dL vs.
140.11 mg/dL; 1.28+0.23 vs. 1.18+0.32; respec-
tively), no statistical differences were noted in terms
of the levels of ABG, the estimated chronic glucose,
or the A/C glycemic ratios between the two groups
(p=0.014, p=0.846, p=0.054, respectively) (Table 2).
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In the present study, the serum total testosterone lev-
els and the serum HDL-C levels were lower in the di-
abetic ED patients than in the diabetic patients
without ED; only the latter showed a statistical sig-
nificance. The levels of median ABG, the mean esti-
mated chronic glucose levels, and the the median A/C
ratio were higher in the diabetic ED patients, with no
statistical differences.

Male sexual function is often affected in DM.
Diabetes was demonstrated to be significantly asso-
ciated with all aspects of sexual function, which in-
volve orgasmic, ejaculatory, and erectile functions,
as well as desire/libido.'> DM is a common medical
condition causing complications in several systems
in the later stages of the disease.!” Microvascular
complications, such as nephropathy, neuropathy, and
retinopathy, may be prevented by glycemic control.'
Neural and vascular dysfunction, impaired glucose
metabolism, HT, decreased testosterone values,
smoking, alcohol consumption, and sedentary life are
reported to be the main risk factors of ED in patients
with DM. "> Hyperglycemia causes an increase in re-
active oxidative damage, impaired cavernous relax-
ation, peripheral neuropathy, and endothelial harm. '3
Insulin resistance causes increase in oxidative stress
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TABLE 2: Comparison of demographic and laboratory data of the patients in terms of the presence of erectile dysfunction.
Erectyle Dysfunction (Absent) (n=45, %43.3) Erectyle Dysfunction (Present) (n=59, %56.7)
Median Median
n,% MeanSD (interquartile range) n,% MeanxSD  (interquartile range) p value
Age (years) 5549 55411 20.846
Body mass index (kg/m?) 27.61 (24.91-31.02) 28.91 (25.39-30.10) %0.898
Hypertension No 22 (%48.9) 19 (%32.2) 0.085
Yes 23 (%51.1) 40 (%67.8)
Smoking Never 18 (%40.0) 19 (%32.2) 0.580
Yes 17 (%37.8) 22 (%37.3)
Quitter 10 (%22.2) 18 (%30.5)
Total testosterone (ng/dL) 4.80 (4.20-6.20) 4.49 (3.59-6.05) °0.093
Admission blood glucose (mg/dL) 166 (147-184) 183 (162-196) °0.014*
HbA1c (%) 6.6 (6.1-7) 6.6 (6.2-7) °0.846
A/C Glycemic ratio 1.18+0.32 1.28+0.23 20.054
Estimated chronic glucose values (mg/dL) 140.11 (129.63-151.33) 141.12 (130.50-150.46) °0.846
Total cholesterol (mg/dL) 208 (201-219) 200 (183-222) %0.235
HDL-C (mgldL) 44%10 40£9 20.030*
LDL-C (mg/dL) 12631 12130 20.478

aStudent t-test; "Mann-Whitney U test; ‘Pearson Chi-square test; *p<0.05; HDL-C: High density lipoprotein cholesterol; LDL-C: Low density lipoprotein cholesterol; A/C: Acute to

chronic; SD: Standard deviation.

and inflammation in endothelium; as a result, nitric
oxide (NO) use in tissues increases, free radicals and
endothelial dysfunction are observed, and the syn-
thesis and release of NO decrease.'® As a result of in-
sufficient knowledge in understanding the disease
development, early diagnosis and prevention are dif-
ficult. Some authors have investigated serum
biomarkers that could provide early diagnosis of ED
in DM; however, none of them are reliable enough to
be used in daily practice.!”

Impaired glucose metabolism is a risk factor for
the development of ED in diabetic males.'® The A/C
glycemic ratio, is a novel marker, assessed by divi-
sion of ABG to the estimated average glucose (eAG).
Here, eAG was measured by using HbAlc.”It is con-
sidered to be more reliable than the absolute hyper-
glycemia and HbAlc measurements.'”* The A/C
glycemic ratio has been shown to be an important
marker in “allcomer” patients who underwent percu-
taneous coronary intervention and in diabetic acute
myocardial infarctus (AMI) patients.!*?! It has also
been demonstrated that the A/C glycemic ratio is a
more reliable prognostic marker in adverse hospital
events following AMI than ABG alone.!® In this
work, although the levels of the median A/C glycemic
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ratio were lower in the diabetic ED patients, no sta-
tistical differences were noted. We think that this re-
sult can be explained by the low sample size of the
study and the patients generally having regulated
DM.

HT, low testosterone levels, and smoking are re-
ported to be risk factors of ED in patients with DM,
and these factors have been evaluated in this study.
Endothelial dysfunction is a shared pathogenesis both
in HT and ED. However the association between HT
and ED has not been clarified.?? In this study, the
presence of HT was similar in the two groups.

Smoking is a common addiction that is associ-
ated with several health problems.?® Lifestyle
changes, such as reducing smoking, physical activ-
ity, establishing a healthy diet, maintaining ideal
BMI, and regulating blood glucose has been shown to
reduce the risk of ED and metabolic syndrome.**
Smoking is thought to cause sexual dysfunction
through many paths. NO that is synthesized in the
penil endothelium is the key mediator in vascular pro-
cesses, including smooth muscle relaxation for the
sexual acts. Smoking is known to cause a reduction in
the synthesis of NO, leading to vaso-occlusive events
in penis.” In the present study, no difference was ob-
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served in terms of smoking between diabetics with
and without ED.

Alterations in sex hormones is involved in the
pathogenesis of sexual function.’® Particularly, a low
serum testosterone level is a well-known hormonal
factor that plays a role in ED.?” However, the results
of the studies investigating the correlation of testos-
terone levels with ED remain controversial. Some re-
ports have demonstrated an association between
lower testosterone levels and ED, while some re-
searchers have found no such relationship.?®?° Al-
though the diabetic patients in our study with ED had
lower serum testosterone levels than the diabetic pa-
tients without ED, the difference was not statistically
significant.

Although the exact mechanisms are unknown;
vascular, neurogenic, hormonal, psychogenic, iatro-
genic, and anatomic factors are thought to be in-
volved in the pathogenensis of ED.** As mentioned
above, atherosclerosis, endothelial dysfunction, and
inflammation are the causes of vascular dysfunction
leading to ED.? Among other factors, dislipidemia,
which includes total cholesterol, triglyceride, LDL-
C, and HDL-C, are responsible for atherosclerosis
and endothelial dysfunction.’! Although dyslipidemia
is often observed in patients with type 2 DM, the un-
derlying mechanism between these two disorders is
not well established.’> LDL-C is known as an impor-
tant predictor of atherosclerosis and endothelial dys-
function, and decreasing the LDL-C level is the key
approach in prevention and treatment of atheroscle-
rosis.’! Additionally, a low HDL-C level is also de-
fined as an independent risk factor for CVD through
endothelial dysfunction and atherosclerosis.** It has
been hypothesized that lipid parameters may be re-
lated with ED. In a recent study, men with ED were
shown to have increased systolic blood pressure, total
cholesterol, and triglyceride levels.** In another study,
it was reported that HDL and LDL/HDL were more
significantly related to ED than other lipid parame-
ters and were suggested as predictors of ED.** Our
findings are consistent with the literature. The dia-
betic ED patients had significantly lower HDL-C lev-
els than the diabetic patients without ED. Although it
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was not statistically significant, serum LDL-C levels
were also higher in the diabetic ED patients than
those without ED.

Nonetheless, this study has some limitations.
First, it has a retrospective design with a small sam-
ple. Secondly, due to the design of the study, it was
not possible to eliminate the confounding factors. Fi-
nally, another limitation is that the description of ED
is based only on the I1EF.

I CONCLUSION

ED may be the main presenting sign of subclinical
atherosclerosis, CVD, and DM. Moreover, it has a
great impact on individual’s life quality. Since it is
common in DM, we believe that developing biomark-
ers for the early diagnosis of ED will help to provide
a treatment and improve the life quality of patients.
Additionally, the early diagnosis of ED may be use-
ful in providing some measure of control of the pos-
sible undiagnosed comorbidities. Although we could
not find a statistically significant difference between
the A/C glycemic ratio and ED in our study results,
we think that well-designed prospective studies are
needed in this area.
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