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Abstract: Sexual dysfunction in general and erectile dysfunction (ED) in particular 
significantly affect men’s quality of life. Some patients who have ED, also develop 
osteoporosis. So, in this study we investigated the relationship between erectile 
dysfunction and osteoporosis in men. 95 men with erectile dysfunction and 82 men 
with normal sexual function were included in the study. The men’s sexual functions 
were evaluated by International Index of Erectile Function-5 items (IIEF-5). All 
men received a Dual Energy X-ray Absorptiometry (DEXA; Hologic) scan to 
measure bone mineral density (BMD) for osteoporosis. Chi-square test was used 
for statistical analysis. Mean age was 53.5 (38–69) in ED group and 50.1 (31–69) in 
control group. In ED group the men have lower T score levels than those of the 
control group. In conclusion, the men who have erectile dysfunction were at more 
risk for osteoporosis. The results of the present study demonstrate that the men 
with erectile dysfunction have low bone mineral density and they are at higher 
risk for osteoporosis. Because of easy and noninvasive evaluation of osteoporosis, 
patients with ED should be checked for bone mineral density and osteoporotic 
male subjects should be evaluated for ED.
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Introduction
Sexual dysfunction in general and erectile dysfunction (ED) in particular significantly 
affects men’s quality of life. Erectile dysfunction (ED), the consistent inability over 
at least 3 months to achieve or maintain penile erection sufficient for satisfactory 
sexual performance, affects nearly 1 in 3 men older than 50 years (Fisher et al., 
2009; Montorsi et al., 2010). It is a multifactorial condition that is estimated to 
affect more than 150 million men worldwide (Ayta et al., 1999). Because of its high 
prevalence, profound effect on quality of life, and association with diabetes mellitus 
and cardiovascular disease, the medical and socioeconomic consequences of ED 
are substantial (Seftel et al., 2004; Dong et al., 2011).

An erection is a complex event that requires an intact arterial and venous 
system, normal innervation, normal hormonal factors, and functioning erectile 
tissue (endothelium). Abnormalities in one or more of these factors can lead 
to ED. Well-established risk factors for ED include hypertension, hyperlipidemia, 
diabetes, smoking, low testosterone, alcohol and drug abuse, anemia, trauma 
to/surgery of the pelvis or spine, coronary arteria disease (CAD), peripheral 
vascular disease, Peyronie’s disease, and depression (Johannes et al., 2000). One 
of these, testosterone is recognized as an important regulator of sexual desire, 
spontaneous sexual thoughts, motivation, attentiveness to erotic stimuli, and 
sexual activity in men (Alexander and Sherwin, 1991; Bhasin et al., 2007). Also, 
hypogonadism is associated with a myriad of abnormalities, ranging from sarcopenia 
and osteoporosis to depression and sexual dysfunction (Morales and Heaton, 
2003). In the other hand, nitric oxide can play a role in osteoporosis. Nitric oxide 
(NO) is a free radical which has important effects on bone cell function. The 
endothelial isoform of nitric oxide synthase (eNOS) is widely expressed in bone 
on a constitutive basis, whereas inducible NOS is only expressed in response to 
inflammatory stimuli. It is currently unclear whether neuronal NOS is expressed 
by bone cells. Pro-inflammatory cytokines such as IL-1 and TNF cause activation 
of the iNOS pathway in bone cells and NO derived from this pathway potentiates 
cytokine and inflammation induced bone loss.

Osteoporosis is characterised by low bone mineral density. This structural 
deterioration can lead to fractures, pain and functional disabilities. These conditions 
affect patient’s health related quality of life. In a previous study, self-reported 
lifetime prevalence for osteoporosis is 11.9% in the German population. Women 
are 3 times more likely to suffer from osteoporosis than men (17.6% vs. 5.2%) 
(Robert-Koch-Institut, 2011). Male patients with osteoporosis have rarely been 
the focus of previous studies (Dy et al., 2011). Most studies involving males 
with osteoporosis have addressed prevalence, life time risk and risk factors for 
osteoporosis-related fractures (Papaioannou et al., 2009), or results of therapeutic 
interventions (Amin, 2003). Unlike previous studies, in this study we investigated 
the relationship between erectile dysfunction and osteoporosis in men; also we 
discussed the probable pathophysiology of these two diseases.
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Material and Methods
95 men with erectile dysfunction and 82 normal men for sexual function were 
included in the study. Men with erectile dysfunction were included into group 1 and 
the other men formed group 2. The age, comorbidities, body mass indexes (BMI) 
and previous surgeries were determined. The men who have smoking, alcohol 
and drug abuse (like androgen therapy), trauma to/surgery of the pelvis or spine, 
Peyronie’s disease and depression were excluded from the study.

The men’s sexual functions were evaluated by International Index of Erectile 
Function-5 items (IIEF-5). The IIEF-5 included 5 questions which were filled based 
on the 5-point Likert scale. The points ranged from 5 to 25 and points below 
21 indicated erectile dysfunction. Subjects were categorized based on their points 
into the following groups: severe erectile dysfunction (5 to 10), moderate erectile 
dysfunction (11 to 15), mild erectile dysfunction (16 to 20) and normal (25 to 21).

All men received a Dual Energy X-ray Absorptiometry (DEXA; Hologic) scan 
to measure BMD. Measurements were made at the lumbar spine (LS; L2–L4 area). 
T score was calculated for each patient. T score higher than –1 was defined normal, 
T score between –1 and –2.5 was defined as osteopenia and T score 2.5 or 
higher denoted osteoporosis. This study was approved by Okmeydani Training and 
Research Hospital Ethical Committee.

Chi-square test was used for statistical analysis.

Results
Mean age was 53.5 (38–69) in group 1 and 50.1 (31–69) in group 2, respectively. 
Mean body mass index was 28.1 (21.4–34.3) in group 1 and 27.6 (20.8–35.6) 
in group 2; being similar in both groups. 42 men have diabetes mellitus (DM) in 
group 1 and 15 men in group 2, respectively. There were more men with DM in 
group 1, statistically. Other comorbidities were similar between groups. In group 1, 
there were 33 men who have T score ≤ –1 and 62 men who have no osteoporosis 
or osteopenia. In control group, there were 8 men who have T score ≤ –1 and 
74 men who have no osteoporosis or osteopenia. In group 1 the men have lower 
T score levels than those of the control group (Table 1). In conclusion, the men 
who have erectile dysfunction were at higher risk of osteoporosis.

Table 1 – Statistical analysis between groups with chi-square test

ED (+) group Control group p-value

n (number of patients)
Age (mean and range)
BMI (mean and range)
DM (+) (n)
T score ≤ –1 (n)
T score > –1 (n)

95
53.5 (38–69)
28.1 (21.4–34.3)
42 (44%)
33 (35%)
62 (65%)

82
50.1 (31–69)
27.6 (20.8–35.6)
15 (18%)
8 (10%)

74 (90%)

0.354
0.098

<0.050
<0.050
<0.050

ED – erectile dysfunction; BMI – body mass index; DM – diabetes mellitus
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Discussion
The results of the present study demonstrate that the men with erectile 
dysfunction have low bone mineral density and at higher risk of osteoporosis. As 
we know, penile erection is a complex neurovascular phenomenon that requires 
an increase in penile arterial inflow, relaxation of cavernosal smooth muscle, and 
restriction of venous outflow from the penis. Erectile capacity depends on the 
vascular tone of the penis. Relaxation of corporal smooth muscle is essential for 
normal erectile function and substantial evidence exists to implicate neuronal 
and endothelial-derived nitric oxide (NO) as the principal mediator of cavernosal 
smooth muscle relaxation and penile erection (Burnett et al., 1992; Rajfer et al., 
1992). NO released by the endothelium that lines the corpus cavernosum and 
penile arteries that supply the penis and NO from nonadrenergic, noncholinergic 
(NANC) nerves binds to the soluble form of guanylate cyclase to increase 
cavernosal intracellular levels of cyclic 30,50-guanosine monophosphate (cGMP). 
The enzyme that catalyzes this reaction in the endothelium and NANC neurons 
is termed nitric oxide synthase (NOS). The constitutive forms of the enzyme, 
neuronal NOS (nNOS) and endothelial NOS (eNOS), are the principal NOS 
isoforms involved in the induction of penile erection (Burnett, 1995; Gonzalez-
Cadavid et al., 1999). Also, various animal models indicate that elevated levels of 
NO, as well as elevated levels of NO donors, inhibit bone resorption (Kasten et al., 
1994). Nitric oxide has been shown to regulate osteoclasts, which are responsible 
for bone resorption (Dong et al., 1999). Bone formation and resorption are key 
processes that are necessary for the constant remodelling that occurs in bone 
tissue to keep it healthy, and to repair bone micro-damage. The NO donors, have 
beneficial effects on controlling bone resorption (decreased osteoclastic activity), 
and have a milder anabolic action on bone formation (i.e. enhanced osteoblastic 
activity) (Wimalawansa, 2007).

NO is a free radical involved in vascular relaxation (Palmer et al., 1987). In 
humans, dilatation of conduit arteries in response to reactive hyperemia is reduced 
by inhibitors of NO synthesis. Impairment of NO production might cause a fall in 
radial blood flow in healthy volunteers (Joannides et al., 1995). In dogs, bone blood 
flow facilitates bone formation and mineralization (Kelly et al., 1990). Because the 
decreased NO might cause bone loss, NO might play an important role in the 
pathogenesis of both endothelial dysfunction and osteoporosis.

There is good evidence to suggest that NO has biphasic effects on osteoclastic 
bone resorption. Low concentrations of NO have been shown to potentiate IL-1 
induced bone resorption, based on the observation that NOS inhibitors inhibit 
IL-1 induced bone resorption in vitro (Ralston et al., 1995). High concentrations 
of NO inhibit osteoclast formation and activity. Experiments using cell and organ 
cultures have shown that IFNc in combination with IL-1 and/or TNFa strongly 
induces iNOS expression, leading to very high levels of NO that inhibit bone 
resorption (MacIntyre et al., 1991; Brandi et al., 1995). This may be the cause 
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of relationship between erectile dysfunction and low bone mineral density in 
our study. We suggested that low NO levels causing osteoporosis and erectile 
dysfunction are associated. Other mechanism may be the low testosterone 
levels. Because of the role of testosterone and nitric oxide in erectile function 
and bone mineral density, relation between ED and bone mineral density is an 
important issue to work with. ED is multifactorial and with increasing age it 
is predominantly associated with vascular disease and endothelial dysfunction. 
However, adequate T concentrations are important for normal sexual function 
and lower levels affect the central nervous system (with decreased libido, sexual 
fantasies, and centrally derived spontaneous erections) and peripheral penile 
erectile mechanisms. ED is also a known symptom of hypogonadism (Tamler 
and Deveney, 2010) and T supplementation may normalize sexual function. 
Studies suggest that a high proportion of men (~52%) aged 40–70 years have 
some degree of ED (Barkin, 2010) and that approximately 10% of men with 
ED also have lower than normal T levels. Androgens have an important role in 
bone metabolism and different conditions associated with hypogonadism are 
associated with low bone mass. Testosterone regulates male bone metabolism 
both indirectly by aromatization to estrogens and directly on osteoblasts 
through the androgen receptor (AR). The net effect of testosterone is to 
promote periosteal bone formation mostly during puberty and to reduce bone 
resorption mostly during adult life (Dupree and Dobs, 2004). Moreover, there 
are connection between testosterone and the vitamin D pathway. It is well 
known that vitamin D is an important factor in bone metabolism and vitamin D 
levels < 62.5 mmol/l are associated with an increased risk of hip fracture in men 
older than 65 years (Looker and Mussolino, 2008). Testosterone acts indirectly 
on the parathyroid hormone-vitamin D axis, because testosterone deficiency 
is related to the reduction of renal 1α-hydroxylase activity with a subsequent 
decrease in 1,25-hydroxy vitamin D concentration, the active form of vitamin D 
(Francis et al., 1986). There is also positive link between testosterone levels and 
nitric oxide concentrations (Andric et al., 2010; Marin et al., 2010; Auharek et al., 
2012).

Atherosclerosis, erectile dysfunction and osteoporosis share common 
pathophysiological mechanisms. Because of easy and noninvasive evaluation of 
osteoporosis, patients with ED should be checked by bone mineral density or 
osteoporotic male subjects further evaluated for ED. To confirm our suggestion 
further prospective, randomised studies involving the bone mineral density, nitric 
oxide and testosterone levels should be carried out in larger patients group.
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