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Does cardiovascular risk reduction alleviate erectile dysfunction
in men with type II diabetes mellitus?
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Veterans (N¼ 41) with type II diabetes were enrolled in a behavioral and pharmacologic
intervention for cardiac risk reduction for 4 weeks at the Providence Veterans Affairs Medical
Center during 2004–2007 and were followed up 3 months post intervention. Erectile dysfunction
(ED) was assessed using the 5-item version of the International Index of Erectile Function (IIEF-5).
Participants experienced significant improvements in hemoglobin A1c (HbA1c), diastolic blood
pressure and total cholesterol levels over the course of the intervention. Change in systolic and
diastolic blood pressure and reduction in or maintenance of HbA1c below 7.0% were significantly
associated with change in IIEF-5 (P¼ 0.01, P¼ 0.01, P¼ 0.04, respectively). These results suggest
that improved blood pressure and glycemic control in men with diabetes may lead to an
improvement in ED.
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Introduction

Erectile dysfunction (ED) and cardiovascular dis-
ease are highly prevalent among men with diabetes.
An estimated 20–85% of diabetic men have some
form of ED1 and are three times more likely to suffer
from ED than nondiabetic men.2 In addition to
sharing many of the same risk factors, ED is also
considered a marker for cardiovascular disease.3

Risk factors such as elevated hemoglobin A1c
(HbA1c), blood pressure (BP) and hyperlipidemia/
dyslipidemia have been associated with both
cardiovascular disease4,5 and ED in patients with
diabetes.1,6–9

Previous studies have shown a beneficial effect
on ED of reduction in certain cardiovascular risk
factors such as body mass index (BMI), cholesterol,
increased physical activity, reduced BMI and smoking

cessation in nondiabetic men.10–13 However, data
are lacking on the effect of changing multiple
cardiovascular risk factors on ED among men with
diabetes. This is one of the first studies to assess the
impact of multifactorial cardiovascular risk reduc-
tion on ED in men with diabetes. Thus, we studied
the effects of an intensive behavioral and pharmaco-
logical intervention targeting hyperglycemia, hyper-
tension and hyperlipidemia on ED in a cohort of
diabetic men.

Methods

Design
This is a retrospective analysis of the study
‘Combined Behavioral and Pharmacological Inter-
vention for Cardiovascular Risk Reduction in
Diabetic Patients (ClinicalTrials.gov Identifier:
NCT00357955)’, where 109 participants were ran-
domly assigned to receive an intensive behavioral
and pharmacological group intervention, ‘Multi-
disciplinary Education in Diabetes and Interven-
tion for Cardiac risk reduction (MEDIC)’ program
(n¼ 58), or continue their usual care (n¼ 51) at the
Providence Veterans Affairs Medical Center during
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2004–2007. The protocol received approval from
the Institutional Review Board at the Providence
Veterans Affairs Medical Center.

Intervention
Participants in the treatment arm attended weekly
group sessions of MEDIC for 1 month, where clinical
pharmacists provided education and behavioral
modification to encourage diet, exercise and disease
self-management, tobacco cessation and other co-
morbid risk reduction. Medication titration followed
an algorithm to achieve tobacco cessation, glycemic,
BP and lipid control. All participants returned for
follow-up 3 months post intervention (4-month
follow-up).

Data collection
Erectile dysfunction was assessed using the self-
reported 5-item version of the International Index of
Erectile Function (IIEF-5)14 at the beginning of the
study and at the 4-month follow-up. We collected
demographic factors, medical history and medica-
tion usage. All participants were assessed for
weight, BP, HbA1C and lipids levels at the baseline
of the study and again at the 4-month follow-up.

Subjects
Participants in the study were veterans, 18 years and
older, with type II diabetes and an elevated HbA1c
of 7–9% at least 6 months prior to the start of the
study. Recruitment occurred at the Providence
Veterans Affairs Medical Center from 2004–2007.
The focus of the current analysis is restricted to the
participants assigned to the treatment arm who
completed the IIEF-5 at baseline and at the 4-month
follow-up (n¼ 41).

Risk-factor goals
HbA1c, BP and total cholesterol (TC) were assigned
cutoff levels based on the Framingham coronary
disease prediction algorithm4 and the American
Diabetes Association standards of medical care.15

Participants were determined to have met goals for
each of the risk factors if they achieved or main-
tained a level below the cutoff level. Cutoff levels
were determined for HbA1c, BP and TC as follows:

(a) Hemoglobin A1c: 7.0%
(b) Blood pressure: 130/80 mm Hg
(c) Total cholesterol: 160 mg per 100 ml.

Analyses
The distribution of different outcome variables was
examined using the Shapiro–Wilk W test. If a

deviation from normality was found, log transforma-
tion of the data points was performed and analyses
were then performed for the variables on its original
and log transformed states. If there was no difference
in outcome of analysis between original and log
transformed states, the original values were re-
ported. All measured risk factors and medication
use were compared between baseline and follow-up
using paired Student’s t-tests or two-tail Fisher’s
exact tests. First, change in IIEF-5 was modeled
using univariate linear regression with change in
systolic and diastolic BP, HbA1c and TC. Then
change in IIEF-5 scores was compared among
participants who did and did not meet each of the
risk-factor goals. We compared demographics, co-
morbidities and medication use among people who
did and did not meet each of the goals to assess for
potential confounding factors. Change in IIEF-5 was
then modeled with change in risk factors and risk-
factor goals after adjusting for these confounding
factors. To compare the effect of meeting multiple
goals vs one vs zero goals on erectile function, we
used Student’s t-test for each pair. Only goals that
showed an increase in IIEF-5 score were included in
the latter analysis. All statistical analyses were
conducted using SAS JMP (SAS Institute Inc., Cary,
NC, USA). Statistical significance was defined as
Po0.05. Data are presented as mean±s.d.

Results

A total of 41 men completed the IIEF-5 at both
baseline and the 4-month follow-up. Characteristics
of the participants are shown in Table 1. The mean
age of the participants was 62.4±9.7 years and
85.4% were white. There was a high prevalence of
coronary artery disease (53.7%) and one-third of the
participants were active smokers. There was a
significant decrease from baseline in the levels
of HbA1c, TC and diastolic BP at the 4-month
follow-up. However, there was no change in the

Table 1 Demographic and clinical characteristics of participants
(n¼41)

Age 62.4±9.7 years

Race
White 85.4%
Black or African American 9.7%
Unknown 4.9%

Clinical variables
Active smokers 36.6%
History of coronary artery
disease

53.7%

Homocysteine 11.8±3.7mmol l�1

C-reactive protein 5.9±4.8 mg l�1

Testosterone 3.1±1.5 ng ml�1
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mean IIEF-5 score over that period (Table 2). There
was no significant change in the categories of
medication use before and after the intervention
(Table 3).

In univariate linear regression, there was a
significant association between change in systolic
and diastolic BP and change in IIEF-5 (r¼ 0.4,
P¼ 0.01; r¼ 0.4, P¼ 0.01, respectively) whereas
change in HbA1c and TC did not have any
significant association (r¼ 0.02, P¼ 0.9; r¼ 0.2,
P¼ 0.6, respectively). The number of people who
met assigned goals in HbA1c, BP and TC were 16, 22
and 28, respectively (39.0, 53.7, 68.3%, respectively;
Table 4). Participants who met HbA1c goals experi-
enced a statistically significant improvement in
IIEF-5 compared to participants not meeting the
goal (1.6±3.7 vs �1.0±4.0, P¼ 0.04) over the
4-month period. Participants meeting the BP goal
also experienced a small improvement in IIEF-5
compared to participants not meeting the goal, who
experienced a decline (0.6±4.4 vs �0.6±3.5,
P¼ 0.3). Participants meeting the TC goal experi-
enced no change in their mean IIEF-5 score whereas
there was a slight increase seen among patients not
meeting the goal (0.0±4.7 vs 0.1±2.3, P¼ 1.0;
Figure 1).

There was no significant difference in race, age,
smoking status or testosterone levels between
participants who did and did not meet goals for
HbA1c, BP and TC. The only significant difference
in medication usage between participants who did
and did not meet each of the three goals was in
sulfonylurea and insulin use for the BP goal
(P¼ 0.004, P¼ 0.01, respectively; Table 4). However,
there was an increasing trend in PDE5 inhibitor use
for participants who met HbA1c and BP goals (12.5–
25.0%, P¼ 0.7 and 4.6–13.6%, P¼ 0.6, respectively)
and for participants who failed to meet the TC goal
(15.4–30.8% P¼ 0.6) from baseline to the 4-month
follow-up. The average change in IIEF-5 among
people who started using a PDE5 inhibitor over the
course of the intervention was �0.3±1.2, P¼ 0.9.
Change in IIEF-5 was modeled using multiple linear

regression adjusted first for age and then for PDE5
inhibitor use. Changes in systolic and diastolic BP
were still significant predictors of change in IIEF-5
after adjusting for age (P¼ 0.01 and P¼ 0.01,
respectively) and change in PDE5 inhibitor use
(P¼ 0.01 and P¼ 0.01, respectively; Table 5). HbA1c
goal also remained a significant predictor of change
in IIEF-5 after adjusting for age (P¼ 0.05) and change
in PDE5 inhibitor use (P¼ 0.05).

Participants who had met goals for both BP and
HbA1c experienced the greatest improvement in
IIEF-5 (2.2±1.6) followed by participants who met
only one of the goals (BP or HbA1c) (�0.05±0.8),
and then by those meeting none of the goals
(�1.5±1.2). There was a significant difference
between participants who had met two and zero
goals (P¼ 0.04), but no difference between partici-
pants meeting two and one goals (P¼ 0.2) or
between one and zero goals (P¼ 0.3). There was a
nonsignificant moderate correlation between change
in IIEF-5 and the number of goals met (r¼ 0.3,
P¼ 0.1; Figure 2).

Table 2 Change in measured factors over 4 months

(n¼ 41) Baseline Final Difference

IIEF-5 12.2±6.5 12.2±6.4 0.02±4.0
BMI 34.1±6.3 34.0±6.3 �0.1±1.3
Systolic BP 133.6±19.6 mm Hg 126.2±15.0 mm Hg �7.3±22.6 mm Hg
Diastolic BP 75.0±11.2 mm Hg 69.8±10.9 mm Hg �5.1±10.6 mm Hg*
Hemoglobin A1c 8.1±1.6% 7.3±0.9% �0.8±1.0%*
Total cholesterol 173.2±45.8 mg per 100 ml 152.8±29.5 mg per 100 ml �20.4±39.7 mg per 100 ml*
HDL 38.9±10.3 mg per 100 ml 39.7±13.2 mg per 100 ml 0.8±11.9 mg per 100 ml
LDL 94.4±34.6 mg per 100 ml 83.0±23.6 mg per 100 ml �11.3±33.2 mg per 100 ml
Triglycerides 191.6±114.5 mg per 100 ml 163.3±81.7 mg per 100 ml �28.4±79.6 mg per 100 ml

Abbreviations: BMI, body mass index; BP, blood pressure; HDL, high-density lipoprotein; IIEF-5, 5-Item version of the International
Index of Erectile Function; LDL, low-density lipoprotein.
*Po0.05 from baseline.

Table 3 Medication use

Medication
(n¼ 41)

Baseline (%) After 4
months (%)

Metformin 56.1 56.1
Sulfonylureas 68.3 65.9
Thiazolidinediones 41.5 58.5
Insulin 48.8 58.5
b-Blockers 65.9 68.3
ACE inhibitors 58.5 68.3
Angiotensin receptor blockers 24.4 29.3
Diuretics 56.1 56.1
Nitrates 12.2 17.1
Statins 95.1 92.7
Antidepressants 34.2 36.6
PDE5 inhibitor 9.8 14.6

No statistically significant difference between baseline and
4-month follow-up.
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Discussion

This is one of the first studies relating the isolated
and combined effects of reduction in BP, HbA1c and
TC levels to ED. Change in systolic and diastolic BP
and a reduction in or maintenance of HbA1c below
7.0% were significantly associated with change in
IIEF-5 score from baseline to the 4-month follow-up.
Additionally there also appeared to be an additive
effect as participants who met both HbA1c and BP
goals improved to a greater degree than those
meeting either only one of the goals or none of the
goals.

Elevated HbA1c levels have been shown to be
associated with ED.1 In animal models, hyperglyce-
mia leads to decreased Nitrous oxide (NO) produc-
tion.16 Thus, a decrease in glycemia may allow for
increased NO production leading to improved
vasodilatation and erectile function. Hypertension
is also highly prevalent among diabetic men with
ED.17 Hypertension is most likely related to ED

being a primary vascular risk factor and the resulting
long-term vascular damage.18 Although treatment of
hypertension with common antihypertensive med-
ications has been associated with ED,19,20 another
study also showed recovery of erectile function
after brief aggressive antihypertensive therapy.21

Moreover, antihypertensives at levels currently used
in clinical settings are not likely to negatively
influence ED significantly.22 Our results suggest
that although it may be important to lower HbA1c
levels below a clinically important threshold
to experience improvement in ED, any reduction
in BP may also provide beneficial effects. Addition-
ally, as hyperglycemia and hypertension may affect
ED through different mechanisms, improvement in
both appears to lead to the greatest improvement
in ED.

The role of lipid lowering and the use of statins in
ED is controversial. Although one previous study
has shown a decrease in TC accompanied with an
improvement in ED following statin therapy,11

another study showed a reduction in IIEF-5 scores
following statin therapy.23 It is possible that the
reduction in TC in our study may have been through
a manner which does not affect diabetic ED. Our
intervention did not result in a significant change in
high-density lipoprotein (HDL) or triglyceride le-
vels, both of which have been associated with poor
sexual function.6,24,25 Our finding of lowering of TC
without significant changes in HDL and triglycer-
ides is typical of statins and especially of simvasta-
tin, which was the preferred statin used at the study
institution.26 The short time frame of our interven-
tion makes it likely that the gains in risk-factor
control were largely reflective of the weekly medica-
tion up titrations, and less from the behavioral
modifications which often take longer time for their
effects to be observed.10 Lastly, it may also be
possible that in men with diabetes, the effect of
TC on ED is minimal compared to that exerted

Table 4 Medication use at 4-month follow-up

Blood pressure goal Hemoglobin A1c goal Total cholesterol goal

Goal met (%)
(n¼22)

Goal not met (%)
(n¼ 19)

Goal met (%)
(n¼ 16)

Goal not met (%)
(n¼ 25)

Goal met (%)
(n¼ 28)

Goal not met (%)
(n¼ 13)

Metformin 45.5 68.4 43.8 64.0 60.7 46.2
Sulfonylureas 45.5* 89.5* 56.3 72.0 67.9 61.5
Thiazolidinediones 63.6 52.6 56.3 60.0 57.1 61.5
Insulin 77.3* 36.8* 50.0 64.0 57.1 61.5
b-Blockers 77.3 57.9 75.0 64.0 75.0 53.9
ACE inhibitors 59.1 79.0 75.0 64.0 64.3 76.9
Angiotensin receptor blockers 31.8 26.3 25.0 32.0 32.1 23.1
Diuretics 59.1 52.6 56.3 56.0 53.6 61.5
Nitrates 18.2 15.8 31.3 8.0 21.4 7.7
Statins 95.5 89.5 93.8 92.0 92.9 92.3
Antidepressants 40.9 31.6 37.5 36.0 28.6 53.9
PDE5 inhibitor 13.6 15.8 25.0 8.0 7.1 30.8

*Po0.05 between goal met and not met groups.
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by other factors such as hyperglycemia and
hypertension.

Our study was limited by the small sample size
resulting in reduced statistical power. Despite this
shortcoming, we were able to see a statistically
significant association between change in IIEF-5 and
meeting the HbA1c goal and change in systolic and
diastolic BP. A greater number of participants may
allow us to stratify our goals to determine the effects
of meeting multiple ED comorbidity goals and at
different levels rather than at a singular cutoff point.
We were also limited by the nonexperimental
design, which may result in selection bias. However,
to date very few studies have addressed the role of
multifactorial cardiac risk reduction in improving
the ED of diabetic men, and our data may provide
the much-needed pilot data for the design of larger
randomized controlled studies. The changes seen in
IIEF-5 were relatively small, and may not be
biologically meaningful. Given the short duration
of our study, we believe that any change observed is
important as it may suggest that more intensive and
longer lasting interventions may result in greater
changes in IIEF-5. In addition, the magnitude of the
IIEF-5 changes were additive. A longer follow-up
may also help to determine the longevity of the
improvements in both the cardiovascular risk factors
and the change in ED. Lastly, as the study employed
the IIEF-5 questionnaire, the limitations inherent in
the IIEF-5, such as focus on heterosexual sex, lack of

inquiry regarding desire and lack of information on
the etiology of the disorder27 were a part of this
study.

Although studies have been done on the preva-
lence of ED risk factors among men with dia-
betes,18,28 there have been no previous studies
examining the impact of reducing multiple cardio-
vascular risk on ED among diabetic men. Our study
provides the first evidence of the beneficial effect of
BP control and reduction and maintenance of a low
HbA1c on ED in men with diabetes.
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