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Background: The association between subclinical cardiovascular disease and subsequent development of
erectile dysfunction (ED) remains poorly described.
Hypothesis: Among multiple subclinical atherosclerosis and vascular dysfunction measurements, coronary
artery calcium (CAC) score best predicts ED.
Methods: After excluding participants taking ED medications at baseline, we studied 1862 men age 45
to 84 years free of known cardiovascular disease from the Multi-Ethnic Study of Atherosclerosis (MESA)
with comprehensive baseline subclinical vascular disease phenotyping and ED status assessed at MESA
visit 5 (9.4 ± 0.5 years after baseline) using a standardized question on ED symptoms. Multivariable logistic
regression was used to assess the associations between baseline measures of vascular disease (atherosclerosis
domain: CAC, carotid intima-media thickness, carotid plaque, ankle-brachial index; vascular stiffness/function
domain: aortic stiffness, carotid stiffness, brachial ﬂow-mediated dilation) and ED symptoms at follow-up.
Results: Mean baseline age was 59.5 ± 9 years, and 839 participants (45%) reported ED symptoms at followup. Compared with symptom-free individuals, participants with ED had higher baseline prevalence of CAC score
>100 (36.4% vs 17.2%), carotid intima-media thickness Z score >75th percentile (35.3% vs 16.6%), carotid
plaque score ≥2 (39% vs 21.1%), carotid distensibility <25th percentile (34.6% vs 17.1%), aortic distensibility
<25th percentile (34.2% vs 18.7%), and brachial ﬂow-mediated dilation <25th percentile (28.4% vs 21.3%);
all P < 0.01. Only CAC >100 (odds ratio: 1.43, 95% conﬁdence interval: 1.09-1.88) and carotid plaque score ≥2
(odds ratio: 1.33, 95% conﬁdence interval: 1.02-1.73) were signiﬁcantly associated with ED.
Conclusions: Subclinical vascular disease is common in men who later self-report ED. Early detection of
subclinical atherosclerosis, particularly advanced CAC and carotid plaque, may provide opportunities for
predicting the onset of subsequent vascular ED.
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Introduction
Vascular erectile dysfunction (ED) and cardiovascular
disease (CVD) share common risk factors.1,2 Given the high
prevalence of CVD in the adult population, it is not surprising
that ED is also common, currently affecting 5% to 20% of
adult males and up to 70% of men with overt CVD.3 – 5 As a
result of the shared upstream pathways, clinical detection of
suspected vascular ED has been suggested as a justification
to screen for concomitant CVD, and vice versa.5,6
It is commonly described that ED precedes the onset
of clinical CVD. Indeed, studies have shown ED to be an
independent predictor of CVD events.7 – 9 On the other hand,
the temporal relationship between subclinical CVD, which
may precede overt clinical CVD by longer than a decade,
and the onset of ED remains poorly described. Evidence
linking ED with subclinical CVD has come mostly from
cross-sectional studies,10 – 13 limiting our understanding of
their temporal association. This is an important area of
study, as the detection of CVD at the subclinical stage may
provide an opportunity for predicting ED.
The Multi-Ethnic Study of Atherosclerosis (MESA) allows
some ability to study this question, as healthy adults
free of CVD were enrolled at baseline, and ED was selfreported during follow-up. In this study, we sought to
explore the association of baseline subclinical vascular
disease with subsequent self-reported ED among male
participants from MESA using a number of baseline (visit
1) measurements of subclinical vascular disease. Our
secondary goal was to assess which domain of subclinical
vascular disease—atherosclerosis or vascular stiffness and
dysfunction—was most associated with subsequent ED.
Methods
Study Design
The Multi-Ethnic Study of Atherosclerosis is a prospective
cohort study aimed at identifying the determinants of
CVD, with a special focus on the prognostic implications
of subclinical vascular disease and an emphasis on ethnic
diversity. Details of the MESA have been published before.14
In brief, between July 2000 and August 2002, MESA enrolled
a total of 6814 men and women age 45 to 84 years who
were free of clinically apparent CVD from 6 communities
geographically dispersed throughout the United States. All
study participants provided written informed consent. The
study protocol was approved by the institutional review
board of each study site.
All MESA participants underwent laboratory testing and
baseline noncontrast cardiac computed tomography scans,
and 6725 had a baseline carotid ultrasound. In addition,
a subset of MESA participants underwent measurement of
baseline flow-mediated dilation (FMD; n = 3026) and cardiac
magnetic resonance imaging (CMR) with measurement of
aortic distensibility (n = 3530). Assessment of FMD was
sampled using a nested case-cohort strategy that included
all MESA participants who had adjudicated CVD events
prior to October 10, 2005 (cases, n = 182), as well as a
random sample of participants without cardiovascular events
through the same date (n = 2844). Erectile dysfunction
status was not formally assessed at baseline, although use
of ED medications was captured.
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Study Population
For the present analysis, all male MESA participants who
attended both visit 1 and visit 5 were considered for inclusion
(N = 2202). Among these, we excluded 52 participants
taking ED medications at baseline, 67 in whom ED was
not assessed, and 221 who answered ‘‘Don’t know’’ to the
question in regard to their erectile function. This yielded a
study population of 1862 men not taking ED medications
at baseline and with self-reported absence or presence of
ED symptoms at follow-up (see Supporting Information,
figures 1 and 2, in the online version of this article).
Clinical and Laboratory Measurements and Assessment
of Atherosclerosis, Vascular Stiffness, and Vascular
Function
Full details of the measurements performed in MESA have
been reported elsewhere15 – 20 (see Supporting Information,
Methods, in the online version of this article).
Erectile Dysfunction Assessment
Formal assessment of ED symptoms was conducted during
follow-up at MESA visit 5 (approximately 9 years after
baseline) using a standardized, single direct question on
ED symptoms. A similar ED assessment was used in
the National Health and Nutrition Examination Survey
(NHANES).3 Erectile dysfunction was considered present
if the participant reported being ‘‘sometimes able’’ or ‘‘never
able’’ to achieve a satisfactory erection during intercourse.21
Statistical Analysis
Baseline demographics, cardiovascular risk factors, and
subclinical vascular disease measurements of the study
population were summarized both overall and by ED status.
Differences across ED groups were tested using χ2 tests for
categorical variables and t tests or Kruskal-Wallis tests for
continuous variables.
To determine the independent association between each
subclinical vascular disease measure and ED, we used
multivariable logistic regression of ED(+) vs ED(−) on
each of the measures (categorized as normal/abnormal).
For each measure, 3 multivariable models were used.
Model 1 adjusted for age, race/ethnicity, education,
and MESA site. Model 2 further adjusted for smoking
status, diabetes mellitus, family history of coronary heart
disease, systolic blood pressure, low-density lipoprotein
cholesterol, high-density lipoprotein cholesterol, lipidlowering medication use, antihypertensive medication
use, and waist circumference. Fully adjusted models
(Model 3) further adjusted for β-blocker use, Center
for Epidemiologic Studies–Depression (CES-D) score
(continuous), nontricyclic antidepressant medication use,
tricyclic antidepressant medication use, and antipsychotic
medication use.
For these analyses, missing values of carotid plaque score
were imputed (leveraging the original carotid ultrasound
data that was performed in nearly all participants); for
FMD and aortic distensibility, a complete case strategy
was followed including only those participants in whom the
test modality had been performed.

Figure 1. Proportion with ED symptoms at 9-year follow-up by baseline subclinical vascular disease measure. Abbreviations: ABI, ankle-brachial index;
CAC, coronary artery calcium; cIMT, carotid intima-media thickness; CP, carotid plaque; ED, erectile dysfunction; FMD, ﬂow-mediated dilation; Q, quartile.

Figure 2. Multivariable adjusted ORs for ED for the presence of ≥1 abnormality in each domain of subclinical vascular disease. Data are presented as ORs
and 95% CIs. Model 1 adjusted for age, race, education, and MESA site. Model 2 adjusted for Model 1 + smoking, DM, family history, SBP, LDL-C, HDL-C,
lipid-lowering medications, antihypertensive medications, and waist circumference. Model 3 adjusted for Model 2 + β-blockers, depression scale,
nontricyclic antidepressants, tricyclic antidepressants, and antipsychotic medications. Measurements for CAC, cIMT, ABI, and carotid distensibility were
available in all study participants. CP scores were available in 74.2% of participants and were imputed in the remaining 25.8%. Measurements for aortic
distensibility were available in 999 participants and were imputed in the remaining 863. Measurements for FMD were available in 993 participants and were
imputed in the remaining 869. Abbreviations: ABI, ankle-brachial index; CAC, coronary artery calcium; CI, conﬁdence interval; cIMT, carotid intima-media
thickness; CP, carotid plaque; DM, diabetes mellitus; ED, erectile dysfunction; FMD, ﬂow-mediated dilation; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; MESA, Multi-Ethnic Study of Atherosclerosis; OR, odds ratio; SBP, systolic blood pressure.

To determine which domain of subclinical vascular
disease (atherosclerosis or vascular stiffness/dysfunction)
was most associated with ED, we created binary terms
for expressing the presence of ≥1 baseline abnormality in
each of the 2 domains. Thus, when any of the following
were present, the subclinical atherosclerosis domain was
considered abnormal: coronary artery calcium (CAC) score

>100, ankle-brachial index (ABI) <0.9 or >1.4, carotid
intima-media thickness (cIMT) Z score >75th percentile,
and/or carotid plaque score ≥2. Similarly, when any of the
following were present, the vascular stiffness/dysfunction
domain was considered abnormal: aortic distensibility
<25th percentile, carotid distensibility <25th percentile,
and/or FMD <25th percentile. To make the domains
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Table 1. Baseline Characteristics of the Study Population

Age, y

Overall, N = 1862

ED(−), n = 1023

ED(+), n = 839

P Value

59.5 ± 9

55.9 ± 8

63.9 ± 9

<0.001

Race

0.37

Non-Hispanic white

797 (42.8)

424 (41.5)

373 (44.5)

0.096

African American

438 (23.5)

251 (24.5)

187 (22.3)

0.13

Chinese American

198 (10.6)

116 (11.3)

82 (9.8)

0.14

Hispanic

429 (23.0)

232 (22.7)

197 (23.5)

0.34

≥High school degree

1631 (87.8)

917 (89.9)

714 (85.2)

0.001

Current smoking

238 (12.8)

142 (13.9)

96 (11.5)

0.058

DM

207 (11.1)

64 (6.3)

143 (17.1)

<0.001

Family history of CHD

697 (39.6)

359 (36.9)

338 (42.9)

0.005

SBP, mm Hg

123.9 ± 18

120.6 ± 17

127.9 ± 19

<0.001

Antihypertensive treatment

592 (31.8)

242 (23.7)

350 (41.7)

<0.001

LDL-C, mg/dL

117.0 ± 31

119.3 ± 30

114.2 ± 31

<0.001

HDL-C, mg/dL

44.6 ± 11

44.7 ± 11

44.5 ± 11

0.93

Lipid-lowering treatment

312 (16.8)

148 (14.5)

164 (19.6)

0.002

BMI, kg/m2

28.1 ± 4

27.8 ± 4

28.4 ± 5

0.003

Waist circumference, cm

99.5 ± 12

97.9 ± 11

101.5 ± 12

CES-D score

6.1 ± 6

5.7 ± 6

6.5 ± 7

0.034

Non-TCA treatment

66 (3.5)

33 (3.2)

33 (3.9)

0.20

TCA treatment

9 (0.5)

4 (0.4)

5 (0.6)

0.26

Antipsychotic treatment

2 (0.1)

1 (0.1)

1 (0.1)

0.44

135 (7.3)

63 (6.2)

72 (8.6)

0.022

β-Blocker treatment

<0.001

Abbreviations: BMI, body mass index; CES-D, Center for Epidemiologic Studies Depression scale; CHD, coronary heart disease; DM, diabetes mellitus;
ED, erectile dysfunction; HDL-C, high-density lipoprotein cholesterol; IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol; SBP, systolic
blood pressure; SD, standard deviation; TCA, tricyclic antidepressant.
Data are presented as n (%), mean ± SD, or median (IQR).

comparable, missing values of FMD and aortic distensibility
were also imputed, using multiple imputation and the
variables listed in Model 3 as predictors. The association
between each domain and ED was then tested following the
same multivariable logistic regression strategy described
above.
A 2-tailed P value <0.05 was considered statistically
significant. All calculations were performed using STATA
version 13.0 (StataCorp LP, College Station, TX).

Results
Baseline characteristics of the study population are shown
in Table 1. Mean age was 59.5 years; 42.8% were Caucasian,
23.5% African American, 23.0% Hispanic, and 10.6% Chinese
American. At MESA visit 5 (9.4 ± 0.5 years after baseline),
a total of 839 individuals (45%) reported having ED
symptoms.
Table 2 shows the prevalence of abnormal subclinical
vascular disease measures by ED group. Individuals with
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ED(+) at visit 5 had a higher baseline prevalence of
every abnormal atherosclerosis measurement (P < 0.001
for all [except for abnormal ABI, P = 0.09]) compared
with ED(−). Similarly, ED(+) individuals also had a
higher baseline prevalence of every abnormal vascular
stiffness/dysfunction measurement (P < 0.01 for all). The
proportion of participants with ED symptoms at followup across each baseline measure of subclinical vascular
disease is displayed in Figure 1. Erectile dysfunction
more common with increasing severity of measures of
subclinical atherosclerosis, as well as with decreasing
vascular distensibility and FMD. The highest proportion of
ED(+) participants was observed among those with baseline
CAC score >100.
Table 3 shows the multivariable-adjusted odds ratios
(ORs) and 95% confidence intervals (CIs) for self-reported
ED for each subclinical vascular disease measure. All
baseline abnormalities, except for abnormal ABI, were
strongly associated with ED in unadjusted models. However,

Table 2. Prevalence of Baseline Abnormal Values for Each Subclinical Vascular Disease Measure, by ED Status
Overall, N = 1862

ED(−), n = 1023

ED(+), n = 839

P Value

481 (25.8)

176 (17.2)

305 (36.4)

<0.001

cIMT Z score >75th percentile.

461 (25.0)

168 (16.6)

293 (35.3)

<0.001

CP ≥2

543 (29.2)

216 (21.1)

327 (39.0)

<0.001

57 (3.1)

25 (2.5)

32 (3.8)

0.09

450 (25.0)

169 (17.1)

281 (34.6)

<0.001

249 (24.9)

111 (18.7)

138 (34.2)

<0.001

243 (24.5)

117 (21.3)

126 (28.4)

0.009

Subclinical Vascular Disease Measurements
Atherosclerosis
Cardiac CT
CAC score >100
Carotid ultrasound

ABI
ABI <0.9 or >1.4
Vascular stiffness and dysfunction
Carotid ultrasound
Distensibility coefﬁcient <25th percentile
Aortic MRI
Aortic distensibility <25th percentile, N = 999
FMD
FMD <25th percentile, N = 993

Abbreviations: ABI, ankle-brachial index; CAC, coronary artery calcium; cIMT, carotid intima-media thickness; CP, carotid plaque; CT, computed tomography;
FMD, ﬂow-mediated dilation; MRI, magnetic resonance imaging.
Data are presented as n (%).
CAC, cIMT, ABI, and carotid distensibility measurements were available in all study participants. CP scores were available in 74.2% participants and
were imputed in the remaining 25.8%. Aortic distensibility and FMD measurements were available in 999 and 993 study participants, respectively, and a
complete case strategy was followed.

in fully adjusted models, only CAC score >100 and carotid
plaque score ≥2 remained statistically associated with
subsequent ED.
The Supporting Information in the online version of
this article includes additional analyses of the study data
for reference: the mean proportion of participants with
ED symptoms among individuals with abnormalities in 0,
1, or 2 subclinical vascular disease domains (Supporting
Information, Figure 3); and the number and proportion of
abnormal subclinical vascular disease domains by ED group
(Supporting Information, tables 1 and 2). Among men with
ED, 75% had ≥1 subclinical vascular disease abnormality at
baseline.
The multivariable-adjusted ORs and 95% CIs for ED
by type and number of abnormal vascular domains are
displayed in Figure 2 and Supporting Information, Figure 4,
respectively. When individual domains were compared, the
presence of abnormalities in the atherosclerosis domain
but not in the stiffness/dysfunction domain was statistically
associated with subsequent ED symptoms in fully adjusted
models (OR: 1.30, 95% CI: 1.01-1.68; Figure 2). When
considering the number of abnormal domains, there was a
graded increase in the odds of ED with a greater number
of abnormalities, with the strongest association seen when
abnormalities were present in both domains (OR: 1.53, 95%
CI: 1.05-2.24; Supporting Information, Figure 4).

Discussion
In this ethnically diverse male population from MESA, baseline subclinical vascular disease was common and multiple
vascular abnormalities tended to cluster in individuals who
subsequently reported ED symptoms. Although all vascular disease measurements were associated with ED in
unadjusted analyses, only baseline CAC score >100 and
carotid plaque score ≥2 were statistically associated with
subsequent ED after adjusting for traditional risk factors
and other potential confounders. Similarly, when measurements were pooled in 2 main vascular domains, the
presence of baseline subclinical atherosclerosis was more
closely associated with ED than abnormalities in the stiffness/dysfunction domain. Our findings suggest that the
early detection of subclinical vascular disease, particularly
coronary calcification and carotid plaque, may provide an
opportunity for predicting the onset of subsequent vascular ED.
Erectile dysfunction is commonly classified as psychogenic, organic, or mixed. Among its organic causes,
vascular ED is considered the most prevalent mechanism.22
The relationship between CVD and vascular ED has been
object of great research interest, given that these disorders share upstream pathophysiologic pathways and risk
factors. Cross-sectional studies have found the coexistence of clinically overt CVD and ED symptoms being a
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Table 3. Associations Between Baseline Subclinical Vascular Disease Abnormalities and ED at 9-Year Follow-up
Unadjusted,
OR (95% CI)

Model 1,
OR (95% CI)a

Model 2,
OR (95% CI)b

Model 3,
OR (95% CI)c

2.75 (2.22-3.41)

1.56 (1.22-2.00)

1.40 (1.07-1.83)

1.43 (1.09-1.88)

cIMT Z score >75th percentile

2.74 (1.87-2.88)

1.48 (1.15-1.91)

1.29 (0.98-1.71)

1.28 (0.97-1.70)

CP ≥2

2.39 (1.95-2.93)

1.41 (1.11-1.78)

1.34 (1.03-1.74)

1.33 (1.02-1.73)

1.59 (0.93-2.70)

0.98 (0.53-1.81)

0.90 (0.46-1.76)

0.84 (0.42-1.66)

2.57 (2.06-3.20)

1.57 (1.22-2.04)

1.29 (0.90-1.59)

1.21 (0.91-1.63)

2.26 (1.69-3.03)

1.10 (0.78-1.56)

1.05 (0.72-1.53)

1.05 (0.71-1.54)

1.48 (1.11-1.96)

1.23 (0.88-1.70)

1.22 (0.85-1.76)

1.27 (0.88-1.84)

Subclinical Vascular Disease Measurements
Atherosclerosis
Cardiac CT
CAC >100
Carotid ultrasound

ABI
ABI <0.9 or >1.4
Vascular stiffness and dysfunction
Carotid ultrasound
Distensibility coefﬁcient <25th percentile
Aortic MRI
Aortic distensibility <25th percentile, N = 999
FMD
FMD <25th percentile, N = 993

Abbreviations: ABI, ankle-brachial index; CAC, coronary artery calcium; CI, conﬁdence interval; cIMT, carotid intima-media thickness; CP, carotid plaque;
CT, computed tomography; DM, diabetes mellitus; FMD, ﬂow-mediated dilation; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; MESA, Multi-Ethnic Study of Atherosclerosis; MRI, magnetic resonance imaging; OR, odds ratio; SBP, systolic blood pressure; TCA, tricyclic
antidepressant.
CAC, cIMT, ABI, and carotid distensibility measurements were available in all study participants. CP scores were available in 74.2% participants and
were imputed in the remaining 25.8%. Aortic distensibility and FMD measurements were available in 999 and 993 study participants, respectively, and a
complete case strategy was followed.
a
Model 1 adjusted for age, race, education, and MESA site. b Model 2 adjusted for Model 1 + smoking, DM, family history, SBP, LDL-C, HDL-C, lipid-lowering
medications, antihypertensive medications, and waist circumference. c Model 3 adjusted for Model 2 + β-blockers, depression scale, non-TCAs, TCAs, and
antipsychotic medications.

frequent phenomenon.23,24 Moreover, prospective studies
have reported consistent associations between ED and incident CVD events,7 – 9 with ED symptoms preceding overt
CVD by 2 to 3 years on average,25 highlighting the role
of ED as a precursor of CVD events and the value of ED
assessment in CVD risk prediction. These findings have
resulted in experts advocating for the systematic evaluation
of ED symptoms as part of a standard CVD risk assessment
in men.5,6
On the other hand, the temporal relationship between
subclinical CVD, which precedes CVD symptoms by longer
than a decade and can be easily measured with tools
such as CAC score, and ED is less understood. Studies
have found strong correlations between subclinical CVD,
ED symptoms, and/or definite vascular ED diagnosed
using penile Doppler.10 – 13 Nevertheless, the cross-sectional
nature of those studies has precluded the characterization
of their temporal relationship. Thus, to date no study
had assessed the association between subclinical vascular
disease at baseline and subsequent self-reported ED
symptoms, nor had tested the specific associations between
different atherosclerotic and vascular stiffness/dysfunction
measurements and ED.
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In our study, the presence of atherosclerotic
abnormalities was more strongly associated with subsequent ED than those from the stiffness/dysfunction
domain. One potential explanation could be a preponderance of atherosclerosis as the key mechanism underlying
vascular ED. However, atherosclerosis and endothelial
dysfunction are strongly correlated processes,22,26 – 28
and their differentiation may not be fully clear from
the subclinical vascular disease measures in our study.
Moreover, cIMT and ABI, which are measurements of
atherosclerosis in the carotid arteries and lower limbs,
were not independently associated with subsequent ED
when evaluated as individual measures. Thus, our findings
may also be interpreted as the result of specific features
and limitations of each of the tests used for assessing
subclinical vascular disease. Indeed, both ABI and cIMT
may be strongly affected by variability caused by device
and quantification tool used.29,30 Similarly, measurements
of vascular distensibility and FMD must be performed in
standardized conditions, are also associated with technical
issues,31 and require the use of calculations combining
several parameters, which may result in even larger
measurement error. This might have impacted the accuracy

of the measurements, biasing their associations with ED
toward the null.
Such limitations are less likely to occur with more standardized measurements, such as computed tomography
scanning for CAC scoring and carotid plaque measurements. Indeed, among all subclinical vascular disease measurements assessed, baseline CAC score >100 and carotid
plaque score ≥2 had the strongest associations with ED
symptoms at follow-up. Coronary artery calcium is a robust
marker of coronary atherosclerosis32 and is currently considered the most powerful single CVD prognostic test.33,34
Studies have shown CAC not only accurately predicting
coronary heart disease events,35 but also improving the
prediction of cerebrovascular events36 beyond clinical risk
factors. On the other hand, carotid plaque measurements
have shown a good performance for predicting cerebrovascular events in population-based studies.20 Our findings
highlight the potential value of CAC and carotid plaque measurements as prognostic tests, with the ability to improve
the prediction of events in a number of vascular beds at the
same time, including the onset of vascular ED.
Our findings have important clinical implications. The
detection of subclinical coronary and/or carotid atherosclerosis in male patients may allow the identification of
individuals at an increased risk not only for future CVD
events, but also for ED symptoms. This information could
be used in the context of a physician-patient discussion
to further motivate adherence to lifestyle and pharmacologic recommendations among male patients, as means for
improving both their cardiovascular and sexual health. Regular physical activity, heart-healthy diets, and statin therapy
have shown to slow the progression of ED, postpone or even
prevent the transition from functional to structural ED, and
improve ED status.37,38
Study Limitations
Our study has limitations that deserve consideration.
First, the MESA assessment of ED status is not formally
prospective or longitudinal, as ED symptoms were first
assessed at MESA visit 5, and the single question used
does not differentiate between existing and new-onset
ED symptoms. Therefore, no information was available
regarding the prevalence of ED at baseline, or regarding
the exact date of ED onset, which precludes time-to-event
analyses. Nevertheless, given our exclusion of participants
on phosphodiesterase inhibitors at baseline (2.5% of men),
together with the MESA protocol requirement to be
generally ‘‘healthy’’ at inclusion, it is reasonable to expect
that most participants were free of ED at baseline, although
this cannot be definitely confirmed. Despite the limitations
of this ‘‘shifted-time’’ cross-sectional approach, our study
assessing for the first time the associations between
subclinical vascular disease and ED symptoms after 9 years
of follow-up overcomes some of the limitations of previous
studies, in which both processes were measured at a single
time point.
Second, the single question used for assessing ED did
not allow us to identify the underlying mechanisms of ED,
and the study protocol did not include further assessment of
participants with self-reported ED symptoms. Also, without

the objective measure of ED status using penile Doppler, the
social stigma regarding ED may have caused participants
to conceal their ED symptoms. Nonetheless, the singlequestion approach for ED self-assessment is considered a
reliable tool for assessing ED in population-based studies
and has shown a high correlation (r coefficient 0.71–0.78)
with assessments using more detailed questionnaires.21
Finally, some variables included in Model 3 are associated
with other covariates included in the models, which may
have resulted in overadjustment. Nevertheless, previous
studies have shown factors such as β-blocker use to be
relevant potential confounders in the association between
CVD and ED.25
Our study also has important strengths. The detailed subclinical vascular disease phenotyping, with assessment of
multiple measures of subclinical atherosclerosis and vascular stiffness/dysfunction, allowed assessing the specific
associations between each measure and subsequent ED
symptoms, both individually and grouped by vascular disease domains. This yielded highly unique data not currently
present in the ED and men’s health literature. Furthermore, the large sample size and the thorough assessment
of clinically relevant features at baseline allowed for a comprehensive adjustment for potential confounders including
CVD risk factors, socioeconomic status features, depression, and medication use.

Conclusion
We observed a strong, independent association between the
presence of baseline subclinical atherosclerosis, particularly
coronary artery calcification and carotid plaque, and
self-reported ED approximately 9 years after baseline
measurement. Though further studies are needed to
better delineate the temporal relationship between both
processes, our findings highlight the potential role of
integrative prognostic tools such as CAC and carotid
plaque assessment, which provide an opportunity for
predicting multiple vascular events including the onset of
ED symptoms. This information should inform future men’s
health guidelines and may further engage men in preventive
health care and CVD risk discussions.
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