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KEYWORDS Abstract  Objective: To determine whether the severity of erectile dysfunction (ED)
in a man diagnosed with late-onset hypogonadism (LOH) gives information about

Erectile dysfunction; . . ; .
. his metabolic syndrome state, as patients with LOH often have sexual symptoms

ggric;gr%?;(tl::?’ and .associated cardiovascular and meta}bolic .comorbid.ities, but the role of ED in
Prediction ’ predicting the prevalence of comorbid disease in men with low levels of testosterone
is currently unknown.
ABBREVIATIONS Patients and methods: Men (130) diagnosed with LOH and fulfilling the criteria of
a total testosterone level of <3.5 ng/mL (<12 nmol/L), and with an erectile func-
ED, erectile dysfunc- tion domain score of <21 on the International Index of Erectile Function question-
tion; naire (IIEF, questions 1-5), were enrolled for a subsequent trial of supplementation
LOH, late-onset hypo- with testosterone undecanoate. Demographic data were recorded at baseline. The
gonadism; men completed three standardised questionnaires to assess sexual health, including
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Index of Erectile
Function;

AMS, Ageing Males
Symptoms;

SHIM, Sexual Health
Inventory for Men;
SHBG, sex hormone-
binding globulin;
HDL, high-density
lipoprotein;

LDL, low-density
lipoprotein;

HbA ., glycated hae-
moglobin;

BMI, body mass index;
MetS, metabolic syn-
drome;

DM(1,2), diabetes
mellitus (type 1, type
2);

S, M, MM, severe,

the International Prostate Symptom Score, Ageing Males Symptoms (AMS) and
ITIEF Sexual Health Inventory for Men (SHIM). Patients were stratified by the sever-
ity of ED, with SHIM scores of 1-7 considered severe, 8§—11 moderate, and
12-16 mild to moderate. Levels of serum testosterone, sex hormone binding globulin
(SHBG) and lipids (total cholesterol, triglycerides, high-density and low-density
lipoprotein) were assessed, along with plasma fasting glucose and glycated haemo-
globin (HbA ) levels. Body weight, body mass index and waist circumference were
also recorded.

Results: There was a significant association between the severity of ED and mean
weight (P < 0.001), waist circumference (P < 0.001), triglycerides (P = 0.009), total
cholesterol (P = 0.027), HbA;. (P < 0.001), fasting glucose (P = 0.003) and AMS
scores (P = 0.043). There were no significant differences in testosterone fractions
and SHBG levels between the ED subgroups. There was a positive correlation
between the prevalence of diabetes mellitus (type 1 and type 2) and the severity of
ED in these men (P = 0.018).

Conclusions: The descriptive data showed that a greater severity of ED in men
with LOH correlated with an increased waist circumference, hyperglycaemia, hyper-
triglyceridaemia, hyperlipidaemia, and a history of diabetes mellitus. Severe ED is a
prognostic indicator of comorbidities in men with LOH.

© 2015 Arab Association of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.

moderate, mild to
moderate;

CVD, cardiovascular
disease

org/licenses/by-nc-nd/4.0/).

Introduction

The definition of hypogonadism no longer remains
ambiguous among practitioners, although the diagnosis
of late-onset hypogonadism (LOH) is complicated by
the syndrome’s non-specific symptoms. Whilst many
acknowledge the role of testosterone in affecting erectile
function, others believe that the decline in testosterone
levels in men is not a primary causal factor for the
decrease in sexual function. Rather it is a combination
of many pathophysiological neural, vascular, hormonal
and structural changes as sequelae of the ageing process
that contribute to erectile dysfunction (ED). Even
among experts who advocate that LOH is the main
agent causing ED, a definitive agreement over the sub-
physiological ranges of testosterone has not been
reached. However, recently the European Male Ageing
Study group defined 3.20 mg/dL as the lower limit of
the ‘normal’ total testosterone range in men, or a level
of <220 pmol/L (64 pg/mL) as the lower limit of free
testosterone, a definition that has been widely used
and accepted [1]. These values were recently revised by
Bhasin et al. [2] to establish 3.54-12.1 nmol/L as the
normal range.

In addition, studies suggest strong correlations
between low testosterone levels, obesity, and the meta-
bolic syndrome (MetS) [3]. Although the causality of
this association is difficult to define, there is substantial
evidence indicating that the relationship between low
testosterone levels and components of MetS, including

obesity and type 2 diabetes mellitus (DM?2), is bidirec-
tional, governed by a perpetuating cycle whereby wors-
ening in one condition worsens the other [3].
Concurrently, the presence and development of ED is
often considered to be an early indicator of underlying
cardiometabolic pathology due to direct correlations
between the severity of ED and cardiovascular risk fac-
tors [4,5]. Given this picture we investigated whether the
severity of ED in a man diagnosed with LOH gives
information about his MetS state.

Patients and methods

This was a population-based observational study to
assess comorbidities in men with LOH and varying
degrees of ED, to establish relationships between these
comorbidities and patients with LOH in general, and
subgroups of LOH stratified by the severity of ED in
particular. Between November 2004 and October 2011,
men attending a urology clinic in Germany, and diag-
nosed with a total testosterone level of <3.5 ng/mL
and scores of <21 on the erectile function domain
(questions 1-5) of the International Index of Erectile
Function (IIEF) were enroled in the study (reference
range adopted from [2]). In all, 130 men met the inclu-
sion criteria.

Before starting the study we obtained approval from
the ethics committee at the institution, in line with
guidelines formulated by the German Arztekaumer
(German medical association). Patients were enroled
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only after having signed an informed written consent,
and the confidentiality of the data collected was ensured.

All patients were evaluated by a clinical assessment,
with demographic data collected at baseline, consisting
of their medical history, previous surgical history, med-
ications, alcohol and tobacco usage, weight, height,
body mass index (BMI) and waist circumference. Total
testosterone, sex hormone-binding globulins (SHBG),
thyroxine, total cholesterol, triglycerides, high-density
lipoprotein (HDL) and low-density lipoprotein (LDL),
plasma fasting glucose and glycosylated haemoglobin
(HbA ), glucose, and blood counts were assessed from
blood samples taken in the early morning hours to min-
imise diurnal fluctuations. From total testosterone and
SHBG levels, free and bioavailable testosterone values
were calculated using the Vermeulen equation [6].
Resting blood pressure was also assessed at baseline
and averaged over the course of three measurements
to reduce the potential effects of false readings.
Prostate safety variables were also assessed, including
PSA level, a DRE, prostate volume, postvoid residual
urine  volume and the IPSS questionnaire.
Concomitantly, subjects completed standardised ques-
tionnaires to self-assess their sexual function, the ageing
male’s syndrome (AMS), and a short version of the IIEF
(ITEF-5) [7]. Based on the responses, patients were clas-
sified into one of three categories of severity of ED, i.e.,
an IIEF-5 score of 1-7 was considered to be severe ED
(S), 8-11 as moderate (M), and 12—-16 as mild to moder-
ate ED (MM).

The results were analysed statistically after stratifica-
tion by severity of ED. A one-way ANOVA was used to
compare the means of continuous variables between the
severity groups, and the Pearson chi-squared analysis to
compare between the proportions of categorical
variables within the ED subgroups. Lastly, univariate
and multivariate regression analyses were used to
determine the predictors of severe ED in patients with
diagnosed LOH. Statistical significance was indicated
at P < 0.05.

Results

The mean (SD) age of the men was 65.2 (6.8) years.
There were no statistically significant differences in age
between the ED groups. The demographic variables
are given in Table 1; 21% of the men had cardiovascular
disease (CVD), 34% had DM, 16.9% had hypertension,
and 47.7% dyslipidaemia, with 46% smokers, 10% ex-
smokers and 64% alcohol consumers. The mean (SD)
levels of total testosterone, SHBG, free and bioavailable
testosterone are also given in Table 1.

Comparing the means of the ED subgroups by one-
way ANOVA there were no correlations with severity
and any measure of the hormonal panel (serum total
testosterone and SHBG, and calculated free and

Table 1 The descriptive data for the men with LOH.

Variable

n] Mean (SD, range)

Age (years)

Waist circumference (cm)
Weight (kg)

Height (cm)

BMI (kg/m?)

WBC (x10°)
Haemoglobin (g/L)
Haematocrit (%)
C-reactive protein (mg/L)
Glucose (mg/dL)

HbA ¢ (%)

Cholesterol (mg/dL)
HDL (mg/dL)

LDL (mg/dL)
Triglycerides (mg/dL)
Total testosterone (nmol/L)
SHBG (nmol/L)

Free testosterone (nmol/L)
Bioavailable testosterone
(nmol/L)

PSA (ng/mL)

IPSS

IIEF

AMS

Demographic, n (%)
DM

DM1

DM2
Hypertension
CVD/CHD
Dyslipidaemia
BPH/LUTS

Smoking
Yes
No
Ex

N cigarettes
>20
<20

Alcohol
No
Ex
Yes

IPSS
Mild (0-7)
Moderate (8-19)
Severe (20-35)

AMS [128]
No/little (17-26)
Mild (27-36)
Moderate (37-49)
Severe (50+)

ITEF-5 category
MM
M
S

[

[130] 65.2 (6.8, 38-80)
[130] 107.6 (9.2, 88-136)
[130] 106.3 (12.8, 78-141)
[130] 176.8 (4.2, 168-189)
[130] 34.0 (3.9, 25.6-43.1)
[129] 8.2 (10.8, 3.2-73.0)
[130] 14.5 (1.1, 12.2-18.9)
[130] 42.0 (4.7, 26.1-55.0)
[130] 2.2 (4.9, 1.0-41.0)
[130] 111.4 (33.2, 65-233)
[128] 6.7 (1.3, 5.1-10.1)
[130] 268.7 (43.0, 167-398)
[130] 39.2 (14.4, 18-87)
[130] 165.5 (23.5, 70-217)
[130] 262.9 (66.7, 80-468)
[130] 2.2 (0.5, 1.1-3.2)

[95] 32.8 (21.9, 6-113)

[
[

95] 0.043 (0.019, 0.010-0.088)
95] 1.0096 (0.4368, 0.245-2.07)

130] 1.0 (0.9, 0.1-9.0)
130] 11.65 (4.416, 2-20)
130] 7.30 (3.11, 2-16)

128] 54.63 (7.06, 42-72)

44 (33.9)
8 (6.2)

36 (27.7)
22 (16.9)
27 (21)

62 (47.7)
99 (76.1)

60 (46)
57 (44)
13 (10)

27 (45)
33 (55)

45 (35)
2(D
85 (64)

25 (19.2)
104 (80)
1 (0.8)

0
0

34 (26.6)
94 (73.4)

13 (10)
46 (35.4)
71 (54.6)

WBC, white blood cell count.
CHD, coronary heart disease.
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Table 2 A one-way ANOVA comparing the means of testos-
terone and SHBG levels between the ED severity subgroups.

Level (nmol/L) MM M S P

Total testosterone 2.28 2.15 2.16 0.685
SHBG 37.24 35.28 29.89 0.414
Free testosterone 0.0402 0.0431 0.0439 0.830
Bioavailable testosterone 0.0941 1.0057 1.0295 0.824

Table 3 A one-way ANOVA comparing independent vari-
ables between the ED severity subgroups.

Variable Mean values
MM M S P

Age (years) 62.23 65.09 65.75  0.227
Waist circumference (cm) 102.2 104.0 110.9 <0.001
Weight (kg) 110.42 101.4  101.0 <0.001
Height (cm) 179.0 176.0  176.9  0.072
BMI (kg/m?) 34.2 33.9 34.1 0.962
WBC (x10°) 6.1 5.9 10.1 0.090
Haemoglobin (g/L) 14.7 14.7 14.4 0.506
Haematocrit (%) 41.9 42.9 41.8 0.801
C-reactive protein (mg/L) 1.2 L.5 2.9 0.215
Glucose (mg/dL) 89.5 105.0 119.5  0.003
HbA . (%) 5.8 6.4 7.2 <0.001
HDL (mg/dL) 35.4 38.5 40.4 0.482
LDL (mg/dL) 162.7 164.5 166.6 0813
Triglycerides (mg/dL) 226.8 249.6  278.0  0.009
PSA (ng/mL) 0.7 0.85 1.1 0.242
IPSS 11.2 11.2 12.0 0.536
AMS 50.8 53.9 55.8 0.043

WBC, white blood cell count.

bioavailable testosterone) (Table 2). Of the continuous
variables the one-way ANOVA showed that the means
of body weight, waist circumference, fasting glucose,
HbA ., triglycerides and AMS were directly propor-
tional to the severity of ED, with statistical significance
(Table 3 and Fig. 1).

The distribution of DM showed that in the MM sub-
group no patient had a positive history of DM. In the M
subgroup 21.7% had DM?2 and 4.3% had DM type 1
(DM1), and in the S subgroup 36.6% had DM2 and
8.5% had DM1. The prevalence of hypertension in the
MM, M and S groups was 30.8%, 15.2%, and 15.5%,
respectively. The prevalence of a history of LUTS was
not significantly different between the ED groups, with
76.9%, 80.4% and 73.2% in the MM, M, and S sub-
groups, respectively.

On the univariate analysis, waist circumference,
height, haemoglobin HbA |, triglycerides, AMS, history
of a CVD, DM, and smoking were statistically positive
predictors of ED severity (Table 4). The multivariate
analysis showed that waist circumference, fasting glu-
cose, HbA., triglycerides, AMS, a history of CVD,
DM and alcohol consumption were statistically positive
predictors of ED severity (Table 4).

Discussion

This was an observational study of men presenting at
our urology clinic for symptoms of sexual dysfunction
and LOH. The present study shows that the severity
of ED functions as a predictor of comorbidities in
men with LOH. Of clinical importance, the evidence
presented here supports the premise that ED might be
a marker for underlying risk of CVD in hypogonadal
men, and otherwise asymptomatic men, thus supporting
a role for assessing the prevalence of additional disease
in men with ED and low testosterone levels [8].

It was previously postulated that ED is strongly
related to components of MetS and cardiovascular risk.
Feldman et al. [9] found that DM2 is the second stron-
gest predictor of ED after age. In the present study,
among the comorbidities reported by the patients, a his-
tory of DM2 was associated with the severity of ED. ED
is reported to be more common in men with DM2 and,
furthermore, in 12-30% of men ED is the first sign of
DM diagnosed later [10]. A history of CVD showed a
positive correlation with increased ED severity in the
univariate and in the multivariate regression models.
Nonetheless, the relationship was not as strong as the
relationship of DM with ED, with higher P values in
both the univariate (0.038 vs. 0.002 for CVD and DM,
respectively) and the multivariate (0.023 vs. 0.003) anal-
yses. This might be secondary to a confounding compo-
nent in the predictive power of ED for CVD, due to an
effect of DM2, especially in uncontrolled DM2, as CVD
is a unanimous sequel. Also, when DM does not accom-
pany CVD, ED presents later during the course of the
illness. Waist circumference and triglyceride levels are
two major markers of MetS, as indicated by the
International Diabetes Federation [11]. HbA;. is not
used in their definition of MetS, but nevertheless it is a
marker for diabetic control. In the present study, waist
circumference, HbA |, and triglyceride levels were asso-
ciated with the severity of ED in hypogonadal men in
both the multivariate and univariate analysis. Ogden
et al. [12] and others [13] showed that ED is more preva-
lent in men with the MetS, especially in obese patients.
However, the scope of the present study does not
include an assessment of whether the presence of ED
is an effect of comorbidities or not, as all of the men
were enroled on the basis of having ED at the start. In
the assessment of social habits, the use of tobacco had
positive predictive power of worse ED. However, the
correlation lost its statistical significance in the multi-
variate analysis. This might be due to the confounding
effect of CVD.

Whilst the mean age of the present men is comparable
to that in other studies, it is apparent that these men had
considerable comorbidities on the clinical assessment.
This is predictably dictated by the inclusion criteria of
LOH, whereby the age-related decline in testosterone
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Figure 1  Box-plot presentation of the independent variables with significant differences among the ED subgroups by One Way ANOVA
analysis.

levels is a central feature of LOH. Whilst advancing age
is associated with increased prevalence of disease we
conclude from the present study that the comorbidity
profile of these men was directly related to the low
testosterone levels in the men rather than due to the
mere ageing process. By contrast, the attribution of
ED as a result of hypogonadism remains debated.
Marberger et al. [14] refute the hypothesis that testos-
terone concentration is an indicator of ED, and state
that age is a better predictor, and that this might also
confound the capacity of testosterone level to predict
concurrent disease. However, clinical and mechanistic

studies indicate that androgens have a profound role
in male sexual function, with testosterone regulating
anatomy, penile vasculature and the response to vaso-
active agents [15,16]. Indeed, about a third of men with
ED have overt hypogonadism regardless of age [17]. As
such, a testosterone deficiency is considered to be a pre-
disposing factor for ED [18]. Others found that testos-
terone levels are inversely related to ED in animal
models [19], as well as human studies [1,17]. In the pre-
sent study we were unable to detect a statistically signif-
icant difference in the severity of ED when comparing
testosterone levels. We thus consider that, at least within



ED severity and comorbidities in men with LOH

167

Table 4 Univariate and multivariate analysis for predictors of
the severity of ED.

Variable Univariate Multivariate
P R? P RrR?

Age 0.145 0.254 0.090 0.031
Weight 0.265 0.417

Waist circumf. 0.045 0.352 <0.001 0.128
Height 0.014  0.266 0.849 <0.001
BMI 0.899 0.888

WBC 0.044  0.397 0.364 0.009
Haemoglobin 0.001 0.383 0.923 <0.001
Haematocrit 0.337 0.154

C-reactive protein 0.752  0.133

Glucose 0.097 0.561

HbA . 0.010  0.406 <0.001 0.160
HDL 0.149 0.312

LDL 0.134  0.398

Triglycerides 0.031  0.663 0.022 0.056
Total testosterone 0.867  0.133

Free testosterone 0.109 0.867

SHBG 0.483  0.600

Bioavailable testosterone 0.351 0.824

PSA 0.359 0.472

IPSS 0.409  0.146

AMS 0.024  0.322 0.026 0.053
CVD 0.038  0.033 0.023 0.055
DM 0.002  0.091 0.003 0.095
Hypertension 0.328  0.007

BPH 0.508  0.003

Dyslipidaemia 0.076  0.024

Smoking 0.038  0.033 0.199 0.018
Alcohol 0.499  0.034

our selected subjects, serum testosterone levels (total,
calculated free and bioavailable) do not influence ED
below the lower limit of the reference range. This is in
agreement with Bhasin et al. [2] who showed that the
incidence of ED was statistically higher if testosterone
levels were <3.5ng/mL (12 nmol/L) and that below
the subphysiological reference limit, the severity of ED
does not increase. In addition, measured low testos-
terone levels in the blood are often not reproducible
because of circadian and other variations, which might
necessitate several measurements before reaching confir-
matory levels.

Much evidence now supports a role for testosterone
in health and disease, with low circulating levels associ-
ated with CVD, DM2, MetS and obesity, although this
relationship might be independent of ED [3]. Moreover,
the correlation between hypogonadism and MetS is
widely accepted [3]. The causality of low testosterone
levels and associated comorbidities is difficult to deter-
mine and a Dbidirectional relationship is likely.
However, whilst the comorbidity profile of the present
cohort was related to low testosterone levels, differences
in serum testosterone level were no different between the
stratified ED groups, but the incidence of cardiovascular
and diabetic comorbidity was greater with increasing

severity of ED. A direct comparison of testosterone level
with the prevalence of comorbidity was beyond the
scope of this report, although this has been shown in
previous studies [20].

A limitation to the present study is that correlational
and regression analysis, univariate and multivariate,
were used retrospectively, preventing a direct causal
relationship to be ascertained from the data.

In conclusion, the aim of this study was to assess
whether LOH is an ‘all-or-none’ disease, or whether sub-
groups within this population warrant more special
attention. According to the present results there is a
clear need to investigate the comorbid profile in patients
with low levels of testosterone when they report severe
ED or worsening of their ED. Reciprocally, we believe
that when patients with known multiple comorbidities,
e.g., DM, present to general clinics with complaints of
ED, urologists and practitioners should investigate
testosterone levels. Whether there is a role for testos-
terone replacement therapy in the treatment of ED, or
improvement in the components of the MetS, remains
debatable and is beyond the scope of this study.
Nonetheless, we believe that reporting new-onset ED
or worsening in the ED by patients known to have
low testosterone levels should warn of a generally declin-
ing health condition, and warrants a reassessment of the
management of the patient’s known and possible new
comorbidities.
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