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Abstract

Objectives: Hypotestosteronemia has been reported in 
approximately half of type 2 diabetic men in general. This study 
aims to assess serum total testosterone levels in type 2 diabetics with 
erectile dysfunction and to correlate the degree of improvement 
between sildenafil citrate and testosterone levels.
Methods: A cross sectional and prospective comparative 
interventional study was conducted at the Diabetic Clinic of 
Assalam Teaching Hospital in Mosul, during the period from 
January 1, 2009 through to December 31, 2011. The study enrolled 
120 type 2 diabetic males with erectile dysfunction who were 
analyzed with regard to age, duration of diabetes, duration and 
severity of erectile dysfunction, serum total testosteron levels and 
the degree of response to sildenafil citrate in terms of testosterone 
levels. The data were statistically analyzed using the independent 
two-sample Student t test, χ2χ2χ  test and Pearson correlation test. A 
p-value of <0.05 was considered statistically significant.
Results: Thirty six percent of type 2 diabetic males with erectile 
dysfunction were found to have low serum testosterone levels. 
The hypotestosteronemic and normotestosteronemic subgroups 
were not significantly different in terms of mean age, duration of 
diabetes, reduction of libido, and reduction in erectile function. 
The rate and the degree of improvement of erection by sildenafil 
in the normo-and-hypotestosteronemic respondents were not 
significantly different, but the degree of improvement by sildenafil 
was significantly correlated to testosterone levels among the 
hypotestosteronemic group.
Conclusion: Hypotestosteronemia was found in 36% of type 2 
diabetic males with erectile dysfunction. The degree of improvement 
of erectile dysfunction by sildenafil was directly proportional to 
the serum testosterone levels among the hypotestosteronemic 
group. Therapeutic supplement with testosterone preparation in 

the hypotestosteronemic diabetics with erectile dysfunction may 
improve their response to sildenafil.
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Introduction

Erectile dysfunction (ED) is a common problem in patients 
with chronic diseases. It is frequently observed in diabetic men with 
longstanding disease. The pathogenesis of ED is often multifactorial 
due to vascular, neurogenic, endocrine, pharmacological and 
psychological etiologies. Neurogenic nitric oxide (nNO) is still 
considered the most important modulator, among others, for the 
initiation of erection, whereas the endotheliogenic nitric oxide 
(eNO) seems essential for maintaining erection.1,2 Following sexual 
stimulation, nNO and eNO, are released in the corpora cavernosa 
of the penis to activate the enzyme guanylyl cyclase that leads to 
the transformation of guanosine monophosphate (GMP) into 
cyclic GMP (cGMP), which triggers both; relaxation of the helicine 
arteries and constriction of veins resulting in erection.3,4 Inhibition 
of phosphodiesterase-5 (PDE-5), the counteracting enzyme that 
degrades cGMP in the corpus cavernosum, provides the basis for 
the development of the drugs sildenafil, vardenafil and tadalafil that 
improve erection.3-5

ED is defined as the 'inability to achieve or maintain an 
erection adequate for sexual satisfaction.'6 The prevalence of ED 
in diabetic subjects ranges in different cross-sectional studies 
between 20% and 71%.7-9 ED in diabetes mellitus is multifactorial; 
hypotestosteronemia, autonomic neuropathy, and penile arterial 
insufficiency are all associated with a higher likelihood of ED in 
diabetes.10-12 Whereas, testosterone in humans is thought to play 
a larger role in sexual interest (libido) than in erectile capacity, 
testosterone deficiency in rats is associated with down regulation 
of the nNO, suggesting a trophic effect on erectile tissues.13,14 In 
addition to testosterone deficiency, diabetes in lab rats impairs eNO-
mediated and nNO-mediated smooth muscle relaxation through 
the effects of cholesterol or advanced glycation end products on 
penile smooth muscle.15

Sildenafil citrate, the prototype of PDE-5 inhibitors, when 
administered before sexual activity increases the duration and 
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rigidity of penile erection in response to visual sexual stimuli in a 
hospital setting,16 and enhances the ability to achieve erections and 
successful intercourse in a home setting.17 The drug was approved for 
use in erectile dysfunction by the US Food and Drug Administration 
(FDA) in 1998.18 PDE-5 inhibitors are only pharmacologically 
active when cGMP synthesis is activated after sexual arousal. The 
prescribing information for sildenafil recommends dosing 60 min 
before sexual activity.19 The first US trial concerning sildenafil use 
in men with type 1 and type 2 diabetes mellitus reported that 56% 
of the sildenafil-treated patients showed improvement in erectile 
function compared to 10% of those treated with placebo.20

Clinical trials in non-diabetic hypogonadal patients, in whom 
treatment with testosterone supplement alone failed, had shown that 
combined treatment with sildenafil and a testosterone preparation 
(T-gel) had a beneficial effect on ED.21 However, the response of 
diabetics with ED to sildenafil was not studied in correlation to 
native serum testosterone levels. The aim of this study is to assess 
serum total testosterone (TT) levels in a cohort of diabetic subjects 
with ED, and to correlate the degree of improvement by sildenafil 
citrate to TT levels.

Methods

This cross sectional and prospective comparative interventional 
study was conducted at the Diabetic Clinic of Assalam Teaching 
Hospital in Mosul, from January 1, 2009 through to December 31, 
2011. The recruited subjects were 120 type 2 diabetics who were 
complaining of ED and/or depression in their sexual drive (libido). 
Their age ranged between 35-60 years and the mean age ± SD was 
49.75 ± 7 years. The subjects who were excluded from the study 
included those aged above 60 years, smokers, uremic and subjects 
using drugs such as antiarrhythmic, diuretic, beta-blocker or 
antidepressants that may affect sexual function. The other exclusion 
criteria included subjects whose ED was of less than 3 months or 
whose ED was present before the diagnosis of diabetes.

The contributory data including age, duration of diabetes, co-
morbidities, and drug history were recorded and tabulated. Sexual 
dysfunction was determined by presenting two direct questions to 
the enrolled subjects: "during your diabetes duration, have you got 
a decrement in your penile erection in comparison with your status 
before? When?", and "have you got any decrement in your sexual 
drive in comparison with before? When?" The responses to these 
two questions were assigned on a scale ranging from 0% to 100% as 
dictated by the patient himself. For example, the patient may record 
a 50% reduction of his power of erection and a 30% reduction in 
his libido in comparison with a previous time when he was quite 
satisfied years ago before the onset of diabetes.

The International Index for Erectile Function-5 (IIEF-5) that 
was used in such studies was abridged into two main criteria; the 
strength of erection and the sexual desire as these two criteria were 
the intended indices in the current study. Other markers of erectile 
dysfunction like noc tumescence (nocturnal spontaneous erection) 
or premature ejaculation were exempted.22 Serum TT levels were 

measured using enzyme-linked fluorescent immunoassay (ELFA) 
technique by Vidas instrument. The lowest normal TT level was 
regarded to be 10.4 nmol/L (3 ng/dl) and hypotestosteronemia was 
regarded to be present when the level was 10 nmol/L (2.9 nmol/L) 
or less.23

Thereafter, the subjects were informed about the effect of 
sildenafil. If its use was accepted by the subject and there were 
no contraindications, the subject's consent on using sildenafil as a 
trial was obtained. All the enrolled subjects were prescribed oral 
sildenafil citrate tablets in a fixed testing dose of 50 mg per day to 
be taken one hour before anticipated sexual intercourse. All the 
subjects were well informed about the possible side effects including 
headache, dyspepsia or sinus congestion. The subjects were allowed 
to use at least three doses of sildenafil citrate before recording their 
response. The subjects were instructed to take the drug apart from 
the main meals as food (fatty food in particular) is known to delay 
the absorption of sildenafil.24 The subjects' responses to sildenafil 
citrate were assessed in response to the question: "Did this drug 
improve your erections?" The degree of improvement was recorded 
in a percent grading.

All the data were edited and processed using the SSPS version 
18. Comparison of continuous data (age, duration of diabetes and 
duration of ED) between normo- and hypotestosteronemics was 
performed using independent two sample Student t test. Comparison 
of the rate of response between normo and hypotestosteronemics 
was performed by the use of χ2χ2χ  test. While the correlation of the 
degree of improvement by sildenafil to TT levels was performed 
using Pearson correlation. A p-value of <0.05 was considered 
statistically significant.

Results

Out of the 120 enrolled diabetics with ED, about one third (36%; 
n=44) were found to have hypotestosteronemia with a mean 
± SD TT level of 7.6 ± 7.6 nmol/L. The remaining subjects 
(64%) were normotestosteronemic with a mean ± SD TT level 
of 16.5 ± 5.9 nmol/L (Table 1). The mean age of hypo- and 
normotestosteronemics was not significantly different (49.44 ± 
6.35 vs. 50.79 ± 6.21 years, respectively; p=0.2) and neither was 
the mean duration of diabetes (7.29 ± 5.1 vs. 8.33 ± 4.87 years 
respectively; p=0.2). (Table 1)

In addition, the reductions in libido and erectile power among 
the hypo- and normotestosteronemics were not significantly 
different (29% ± 26% vs. 34.69% ± 29.79%; p=0.3), and (71.59 
± 20.16% vs. 69.21% ± 21.71%; p=0.5), respectively as shown in 
Table 1. In regard to sildenafil use by the hypotestosteronemics, 4 
cases were exempted from using sildenafil (2 for their refusal and 
2 for having clinical ischemic heart disease). Of the remaining 40 
who used sildenafil, 32 (80%) improved variably and 8 (20%) had 
no improvement at all. The mean degree ± SD of improvement 
of power and amplitude of erection was 43.75% ± 30.75% (Table 
2). In the normotestosteronimic group, 6 subjects were excluded 
from using sildenafil (3 for their refusal because of previous 
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Figure 1: Correlation between the degree of improvement 
of erectile dysfunction by sildenafil and TT levels among 
normotestosteronemic type 2 diabetics with ED.

Figure 2: Correlation between the degree of improvement of erectile 
dysfunction by sildenafil and TT levels among hypotestosteronemic 
type 2 diabetics with ED.

Discussion

Hypotestosteronemia, sometimes referred to as hypoandrogenism 
or hypogonadism, is when the gonads (testes or ovaries) produce 
little or no hormones.25 Although Al-Kindi et al. had referred to 
calculated free testosterone or free androgen index as a better assessor 
of androgenic status in females than testosterone alone, in this study 
on diabetic males, testosterone was used to explore the androgenic 
status of the enrolled subjects.26 In males, hypogonadism is generally 
suspected when morning levels for TT are <10.4 nmol/L.23

Men with marked hypogonadism have a marked reduction in the 
frequency, amplitude and rigidity of erections.27,28 However, the 
level of hypogonadism required to induce change in sexual function 
is debatable.29-32 In regard to libido, Travision et al.33 reported that 

complications and 3 because of ischemic heart disease), 61 (87.1%) 
showed variable improvement with sildenafil and 9 (12.9%) showed 
no improvement at all. (Table 2)

The rate of respondents to sildenafil in the hypo-and- 
normotestosteronemics (80% vs. 87%, respectively) was not 
significantly different (p=significantly different (p=significantly different ( 0.3) and neither was the degree of 
improvement in erection power (43.75% ± 30.75% vs. 44.7% 
± 27.31%; p=0.9) as shown in Table 2. However, the degree of 
improvement of erection by sildenafil in correlation to the levels of 
TT among the hypo- and normotestosteronemics starting from TT 
levels of ≤5.2 nmol/L up to ≤34.7 nmol/L, showed that the degree 
of improvement of erection by sildenafil was significantly correlated 
to the levels of TT  among the hypotestosteronemics but not among 
the normotestosteronemics (r=0.28, p=0.05). (Figs. 1 and 2)

Table 1: Comparison between the normo and hypotestosteronemic 
type 2 diabetics with ED in terms of mean ± SD TT level, age, 
duration of diabetes, duration of ED, reduction of erection power 
and reduction of sexual desire.

Variable Normo-
testosteronemics

n=76 (64%)

Hypo-
testosteronemic

n=44 (36%)

p-value

TT level 
(nmol/l)

16.48 ± 5.9 7.59 ± 2

Age (years) 49.44 ± 6.35 50.79 ± 6.2 0.2

Duration of 
diabetes (years)

8.33 ± 4.9 7.29 ± 5.0 0.2

Duration of 
ED (months)

26.48 ± 24.8 25.84 ± 22.7 0.8

Reduction 
of power of 
erection

69.21% ± 21.71% 71.59% ± 20.2% 0.5

Reduction of 
sexual desire

34.69% ± 29.8% 29% ± 26.17% 0.3

Table 2: The rate of respondents and the degree of improvement by 
sildenafil among the normo- and hypotestosteronemics.

Variable Normo-
testosteronemics

(n=70)

Hypo-
testosteronemics

(n=40)

p value

Rate of 
respondents to 
sildenafil

87% (n=61) 80% (n=32) 0.3

Degree of 
improvement 
of erection by 
sildenafil

44.7% ± 27.31% 43.75% ± 30.75% 0.9
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libido and testosterone displayed a significant association. However, 
the difference in testosterone levels between those with low libido 
and those without was small. Subjects with low libido showed an 
increased, but modest, probability of having low testosterone.34

In non-diabetic subjects, testosterone deficiency had been 
observed in about 6% to 12% of normal men over 45 years of age. Such 
deficiency reduces the quality of life and may pose important risks 
for sexual disorders, cardiovascular diseases, metabolic syndrome, 
type 2 diabetes and osteoporosis.35 In type 2 diabetes, testosterone 
deficiency affects up to 50% of men.36 Grossman et al. reported that 
43% of men with type 2 diabetes have reduced TT levels and 57% 
have reduced free testosterone.37 In diabetic men with ED, aging, 
bad control, high total cholesterol, and anemia were all significantly 
correlated to decreased testosterone levels.38 The current study 
showed hypotestosteronemia in about one third of type 2 diabetics 
with ED. Reversing the trend, i.e., checking the prevalence of ED 
among the hypotestosteronemic diabetics, Ghazi et al. reported that 
94.4% of the hypotestosteronemic diabetics had ED in comparison 
to 61% of eugonadal diabetics.31 Thus, only one third of diabetics 
with ED, as this study showed have hypotestosteronemia while 
most of the hypotestosteronemic diabetics have ED. In conformity 
with the results of the current work, Morales and Heaton reported 
that the rate of hypotestosteronemia among erectile dysfunction 
causes is low.39

The present study showed that the mean age of diabetics 
with ED was not significantly different between normo-and 
hypotestosteronemics. This finding partially deviates age from being 
a significant factor of hypotestosteronemia among diabetics with 
ED who were below 60 years (which was the age limit of the study 
population). The effect of diabetes rather than the age seems to be 
behind their hypotestosteronemia. Age and hypotestosteronemia 
appear not to always be correlated in subjects with ED. Morales and 
Heaton have reported that ED in men above 55 years of age does 
not imply the presence of hypogonadism, and if the two conditions; 
aging and hypogonadism are present, the indication for treatment of 
hypogonadism requires good clinical judgment.39

In the same way, the duration of diabetes that was shown to be 
statistically close in the hypo-and-normotosteronemic subgroups, 
implies that hypogonadism in diabetes is not a time dependent 
complication; it is rather a result of poor diabetic control as stated by 
Köhler et al.1 In spite of the concept of greater effect of testosterone 
deficiency on libido than on erection capacity, there were no 
significant differences in the degree of libido and erection regression 
in the hypo-and-normotestosteronemic diabetic subjects. Possible 
individual bias in over-scoring by the enrolled subjects of their 
sexual desire and their reluctance towards announcing loss of sexual 
desire in addition to loss of erection power might have rationalized 
the finding.

The introduction of PDE-5 inhibitors for the treatment of 
ED made a significant impact, both, on clinical efficacy and on 
increasing the awareness of the condition. Some men however, 
failed to respond to PDE-5 inhibitors alone. Interventional studies 
have demonstrated that testosterone replacement therapy in men 

with hypotestosteronemia improves erectile function in men who 
have previously failed to respond to PDE-5 inhibitors alone.21,40

Furthermore, it has been demonstrated that the full therapeutic 
potential of PDE-5 inhibitors will only become manifested in 
eugonadal state.41 The present study showed that the degree of 
improvement of erection by sildenafil is significantly correlated with 
TT levels among the hypotestosteronemic group. Such a correlation 
dictates that therapeutic optimization of serum testosterone levels 
of a diabetic subject with ED is a reasonable action to ameliorate 
his impotence.

Conclusion

Hypotestosteronemia was found in 36% of type 2 diabetic males 
with ED. The degree of improvement of erection power by 
sildenafil was directly proportional to serum TT levels among 
the hypotestosteronemics. Therapeutically raising TT levels of 
the hypotestosteronemic diabetics with ED may augment their 
response to sildenafil.
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