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Abstract

Introduction—Erectile dysfunction (ED) is associated with cardiovascular disease (CVD),
however the association between change in ED status over time and future underlying CVD risk is
unclear.

Aim—To investigate the association between change in ED status and Framingham CVD risk, as
well change in Framingham risk.

Main outcome measures—Framingham CVD risk and change in Framingham CVD risk.

Methods—We studied 965 men free of CVD in the Boston Area Community Health Survey
(BACH), a longitudinal cohort study with three assessments. ED was assessed with the 5-item
International Index of Erectile Function (IIEF-5) at BACH | (2002-2005) and BACH 11
(2007-2010) and classified as no ED/transient ED/persistent ED. CVD risk was assessed with 10-
year Framingham CVD risk algorithm at BACH | and BACH I11 (2010-2012). Linear regression
models controlled for baseline age, socio-demographic and lifestyle factors, as well as baseline
Framingham risk. Models were also stratified by age (=/< 50 years).

Results—Transient and persistent ED were significantly associated with increased Framingham
risk and change in risk over time in univariate and age-adjusted models. In younger men,
persistent ED was associated with a Framingham risk that was 1.58 percentage points higher (95%
Cl: 0.11-3.06) and in older men, a Framingham risk that was 2.54 percentage points higher (95%
Cl: -1.5, 6.59), compared to those without ED. Change in Framingham risk over time was also
associated with transient and persistent ED in men <50 years, but not in older men.

Conclusions—Data suggest that even after taking into account other CVD risk factors, transient
and persistent ED are associated with Framingham CVD risk and a greater increase in
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Framingham risk over time, particularly in younger men. Findings further support clinical
assessment of CVD risk in men presenting with ED, especially those under 50 years.
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male; sexual dysfunction; prospective cohort; changes in erectile function

Introduction

Erectile dysfunction (ED) affects 16 to 20 million men in the US (1) and commonly co-
exists with cardiovascular disease (CVD). Both share similar risk factors (e.g. age, diabetes,
hypertension, obesity, smoking) (2, 3) and an underlying pathophysiology involving
endothelial dysfunction (4-6). Previous studies have investigated ED as a pre-cursor of CVD
(4, 7-9), showing that CVD generally develops 2-5 years after ED development (10). In a
recent meta-analysis, risk of cardiovascular events was greatest among those with ED with
younger age and intermediate Framingham Risk Score (8). Studies also show that
Framingham coronary risk is associated with increased ED risk (11) and that men with ED
are at increased risk of death from all causes and CVD (12, 13).

ED symptoms are not necessarily progressive however and have been shown to abate
spontaneously in up to one-third of men (14). ED may also occur as a consequence of CVD
and associated risk factors, and clinical and experimental data show changes in lifestyle and
diet can improve ED (15, 16). Yet, how changes in ED over time may impact CVD risk is
unclear, and whether persistence of ED predicts CVD independent of traditional risk factors
is unknown. Although studies have assessed associations between ED and future CV events,
as well as cross-sectional associations between Framingham Risk Score and ED, no studies
have assessed changes in ED status and Framingham CVD risk. Such information can
provide a clearer understanding of risk of CVD among those with persistent and non-
persistent ED.

Using data from the Boston Area Community Health Survey (BACH), a population-based
longitudinal cohort study with detailed interview and questionnaire data, the objectives of
this paper were to investigate the association between changes in ED status, as measured by
a validated questionnaire, and future CVD risk as measured by the general Framingham 10-
year CVD risk (17). We also investigated the relationship between changes in ED status and
changes in Framingham risk over time. As previous studies have indicated that coronary
artery disease (CAD) and cardiovascular events associated with ED are stronger in younger
men (18-20), we also sought to investigate associations between change in ED and
Framingham risk by age.

Methods
Study population

The study population consisted of men who participated in all three waves of the BACH
Survey and were free of CVD during the first two surveys (n=965). BACH, a population-
based survey of urologic symptoms, used a two-stage cluster sample design to recruit a
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random sample of 2,301 men and 3,201 women from Boston, MA ages 30-79 years.
Participants completed an in-person interview at baseline (2002-2005) and approximately
every 5 years (BACH II: 2006-2010; BACH I11: 2010-2012). Completed follow-up
interviews were obtained for 4,144 and 3,155 individuals at BACH Il and I1l, resulting in
80.5% and 81.4% conditional retention rates. At each survey, a home visit was conducted
for anthropometric measurements, blood pressure, and interview regarding symptoms,
comorbidities, and lifestyle. Additionally, blood samples were collected at BACH I and IIl.
Further details on methods have been previously published (21, 22). Two-hundred-twelve
men reported CVD (defined as having reported myocardial infarction, angina, stroke,
surgery or angioplasty for arterial disease of the leg, peripheral vascular disease, congestive
heart failure, or carotid artery surgery) at either BACH 1 or Il and were excluded from
analyses. ED status was determined at BACH | and 11 for men, but not at BACH I1I. A
schematic of the study design and primary measures are provided in Figure 1 and described
in detail below. All participants gave written informed consent at each survey. The BACH
Survey protocol was approved by the Institutional Review Board of New England Research
Institutes.

Assessment of Erectile Dysfunction

ED was assessed using the International Index of Erectile Function (I1EF-5), a validated,
self-administered 5-item questionnaire (23). At baseline, an early IIEF-5 version was
administered in which each question was graded on a scale of 1-5 and the total score ranged
from 5-25. ED was classified as: severe (5-7); moderate (8-11); mild-moderate (12-16); mild
(17-21); and no ED (22-25). At BACH I, a slightly modified version of the I1EF-5 was
administered, in which an additional response option reflecting no sexual activity or no
attempt at sexual activity was provided for the 2" through 5 questions, resulting in a score
range of 1-25, with severe ED as 1-7 (24). Because of this modification at BACH II, we
focused on categorical changes in ED status, rather than continuous IIEF-5 change scores.
We defined ED as a dichotomous variable (IIEF-5 <22). Change in ED status from baseline
to BACH Il was classified as ho ED (no ED at either time points), transient ED (ED at one
time point), and persistent ED (ED at both time points).

Framingham Cardiovascular Disease Risk

The general 10-year CVD Framingham risk (17), expressed as a percent, assesses risk of
atherosclerotic CVD events (i.e. coronary heart disease, cerebrovascular disease, peripheral
vascular disease, and heart failure) and was assessed at BACH | and 111 using age, high-
density lipoprotein, total cholesterol level, systolic blood pressure, antihypertensive
medication use, diabetes, and current smoking status. Current smoker was defined as having
smoked =100 cigarettes in their lifetime and reported currently smoking. Diabetes was
defined by self-report or fasting blood glucose level =126mg/dl. Change in Framingham risk
was calculated as the risk at BACH 111 minus risk at BACH I. Because blood was not
collected at BACH II, Framingham risk was not computed at BACH 1.

Statistical analysis

We assessed the association between 1) change in ED status and Framingham risk (%) at
BACH 11, and 2) change in ED and change in Framingham risk (%) from BACH 1 to III.
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Unadjusted and multivariable-adjusted associations between change in ED status,
Framingham risk at BACH Ill, and change in Framingham risk were estimated with linear
regression models, as well as corresponding 95% confidence intervals (CI). For models
assessing the association between change in ED status and Framingham risk at BACH llI,
we considered baseline age, demographic and socioeconomic factors [race/ethnicity (white/
black/Hispanic), married/living with a partner (y/n), education level (<high school/some
college/=college), income (<20k/20-<50k/=50k)], BMI, physical activity (low/medium/
high), alcohol use (<1/1-3/>3 drinks/day), depression (y/n), and baseline Framingham risk as
potential confounders. We also considered use of antihypertensive medications and statins
as potential confounders but model results were largely unchanged and thus we did not
include these variables to maintain parsimony of the models. Baseline age was not
considered as a covariate in fully-adjusted models with baseline Framingham risk, as age is
included in the Framingham algorithm. Analyses were also stratified by 50 years of age,
close to the median age.

Similar models were constructed for the secondary analysis assessing change in ED status
and change in Framingham risk score. However as both age and baseline Framingham risk
were accounted for in the outcome, we did not control for these in the models. In sensitivity
analyses, we excluded 38 men who reported taking ED medications at either BACH | or Il.
In separate analyses, we also excluded 200 men classified as having ED at BACH Il and
answered “no sexual activity at all” or “did not attempt intercourse” to any of the IIEF-5
questions. In this subset we also assessed associations with continuous change scores in the
IIEF-5.

In the Framing CVD risk models, betas reflect the difference in percentage Framingham risk
among those with persistent or transient ED compared to those with no ED. In the change in
Framingham CVD risk models, betas reflect the difference in the change in percentage
Framingham risk over time among those with persistent or transient ED compared to the
change in those without ED.

To preserve the maximum available sample size, multiple imputation was used to impute
missing values by gender and race/ethnicity. Fifteen imputations were performed in SAS
9.1.3 (SAS Institute, Cary, NC). Because participants were selected using a stratified
sampling scheme, observations were weighted inversely to their probability of selection, and
weights were post-stratified to the Boston population in 2000. All percentages presented,
unless otherwise noted, are weighted. Statistical significance for all testing was considered
at the a=0.05 level. To accommodate use of multiple imputation datasets and survey
weights, analyses were performed with SUDAAN 11.0.0 (RTI, Research Triangle Park,
NC).

Among the 965 men, mean age at baseline was 44.3 years (range 29.4-79.7) and 39.6% were
white (Table 1). At baseline, the majority was overweight or obese (74.8%) and more than
one-quarter were smokers (27.6%). Very few (< 3%) used ED medications at BACH | or Il.
Mean follow-up time was 4.8 years between BACH | and Il and 7.1 years between BACH |
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and I1l. At BACH I, a total of 49 men (3.0%) reported CVD and the mean Framingham
risk was 14.7% (SE 0.57) regardless of CVD status, with a mean change of 5.61% (SE 0.30)
from baseline.

Forty-four percent and 50.9% of men had ED at BACH | and |1, respectively, resulting in
30.1% with transient ED and 32.6% with persistent ED (Table 1). Distributions of ED
severity at BACH | and I, as well changes from BACH 1 to Il are shown in Table 2. Men
with persistent ED had highest Framingham risk at BACH | and 111, and also the largest
increase in Framingham risk over time, followed by men with transient ED, and those with
no ED (Table 3). A similar pattern was observed by age, with those =50 years having greater
Framingham risk and change in risk over time than younger men.

In univariate analyses, transient ($=5.05, 95% CI: 2.8, 7.3) and persistent ED (8=9.22; 95%
Cl: 6.45, 12.0) were strongly associated with increased Framingham risk at BACH Il as
compared to those with no ED at either time point (Figure 2). Associations were largely
attributable to age, as control for age substantially attenuated parameter estimates. In models
fully adjusted for demographics, lifestyle factors, and baseline Framingham risk, transient
and persistent ED were both associated with Framingham risk [transient ED $=1.89 (95%
Cl: 0.49, 3.30); persistent ED =2.23 (95% CI: 0.79, 3.68)].

When stratified by age, transient ED was marginally associated with Framingham risk
(B=1.17; 95% ClI: -0.09, 2.44) while persistent ED was significantly associated with
Framingham risk (3=1.58; 95% CI: 0.11, 3.06) in men <50 years in a fully-adjusted model.
In men = 50 years larger parameter estimates were observed between both transient and
persistent ED and Framingham risk as compared to younger men in both univariate and
adjusted models, however associations were not statistically significant in the full-adjusted
models (Figure 2).

When we assessed associations between change in ED status and change in Framingham
risk over time, transient and persistent ED were both associated with a greater change in risk
as compared to those without ED at either time points in univariate models [3=2.01 (95%
Cl: 0.69, 3.33) for transient ED and =2.38 (0.99, 3.76) for persistent ED] (Figure 3). With
adjustment for demographic and lifestyle variables, associations were attenuated but
remained statistically significant [3=1.77 (0.39, 3.15) for transient ED and =1.96 (0.57,
3.35) for persistent ED].

When stratified by age, both transient and persistent ED in younger men were associated
with change in Framingham risk over time in univariate and multivariable models, with a
greater magnitude of change in those with persistent ED (Figure 3). In older men, neither
transient nor persistent ED was associated with change in Framingham risk over time in
univariate or multivariable models.

Sensitivity analyses

In analyses excluding 38 men taking ED medication at BACH | or BACH I1, associations
between both transient and persistent ED with Framingham risk were more pronounced in
fully adjusted models, with significant associations in those <50 years, but not those =50
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years as in previous models. Similarly for the analysis of change in Framingham risk,
parameter estimates became larger, however findings remained the same.

In analyses excluding 200 men classified as having ED at BACH Il because they endorsed
no attempt at sexual intercourse on the I1EF-5, parameter estimates were generally reduced
however overall findings remained the same with persistent ED associated with Framingham
risk in younger men even after accounting for baseline Framingham risk, and neither
transient nor persistent ED associated with Framingham risk in older men. Similarly,
persistent ED in men <50 years remained significantly associated with change in
Framingham risk while no associations were observed for transient or persistent ED in older
men, as in the main analysis. When outcomes were regressed on continuous change scores
in this subset of individuals, associations were null in univariate and multivariable models.

Discussion

In an observational population-based study of 965 men, Framingham CVD risk, and change
in Framingham CVD risk over time were highest in men with persistent ED, measured by a
validated questionnaire, regardless of severity. Both transient and persistent ED were
associated with elevated Framingham risk, approximately seven years from baseling,
however a large portion of these associations were attributable to age. In men <50 years,
persistent ED was associated with increased Framingham risk, even after adjustment for
baseline Framingham risk and other factors. Associations between Framingham risk and
transient ED trended towards significance in the expected direction. In men =50 years,
associations between Framingham risk and both transient and persistent ED were larger than
that of men < 50 years, but multivariable associations were not significant. When we
examined associations with change in Framingham risk over time from baseline to BACH
[11, transient and persistent ED were both associated with an increased Framingham risk
over time in younger men while no associations were observed in older men, which is likely
attributable to higher baseline CVD risk in older men generally. Findings were robust to
sensitivity analyses excluding individuals taking ED medications at BACH | or BACH 11, as
well as individuals classified as having ED at BACH Il based on endorsements of no sexual
activity on the later version of the IIEF-5. We also stratified by an age cutoff of 55, and our
findings remained the same. These findings suggest that in younger men, having ED,
especially persistent ED, is a significant marker of subclinical CVD risk.

While previous studies have not assessed changes in ED status and Framingham risk, our
findings are consistent with results from cross-sectional and longitudinal studies that suggest
ED is a marker of increased CVD risk in younger men (age <50 or <60 years), but less
obviously so in older men. In a case control study of 114 men with CAD and 128 controls,
risk of CAD among men with ED as assessed with the 1IEF, was higher in those <60 years
(20). In a population-based cross-sectional study of 2,869 men ages 20-60 years, increased
CHD (assessed using the FRS) and stroke risk in men was associated with moderate to
severe ED but not mild ED, with especially pronounced risk of CHD in men 40-49 years
(25). Longitudinal data from the Olmsted County Study on 1,402 men =40 years with no
known CAD at baseline, show that baseline ED was associated with a marked increase in
the risk of future cardiac events in men <50 years of age over a 10-year follow-up period,
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whereas in older men the prognostic importance of ED was diminished (19). Similarly, a
retrospective cohort study design of Australian men also observed that ED was predictive of
atherosclerotic CV events, with stronger associations in men presenting with ED at a
younger age, and decreasing predictive value of ED among older men (18).

Endothelial dysfunction, characterized by impaired nitric oxide bioavailability, is a
precursor of atherosclerotic lesions and has been established as an important underlying
mechanism linking ED and CVD (26, 27). Given the smaller diameter of the penile arteries
relative to the heart and brain, it is thought that the penile corpora may be more susceptible
to the effects of reduced vasodilation resulting from impaired NO uptake into the arterial
wall, leading to earlier clinical manifestation in the penis (28).

We were able to take advantage of longitudinal data on ED and CVD risk factors in a large
population-based study including a wide age range of adult men, to assess for the first time
associations between changes in ED status, Framingham CVD risk and changes in
Framingham CVD risk, however this study is not without limitations. Most notably, we
were not able to assess associations between change in ED status and risk of clinical CVD.
Our findings however remain informative in showing that changes in ED status may be
associated with pre-clinical CVD. Further, with only two assessments of ED status, we
could not assess with confidence incident ED and therefore assessed transient ED. It is
possible that CVD risk among men with incident ED versus non-incident ED differed.
Nonetheless our study found that the presence of ED at either time point, whether incident
or not, was marginally associated with increased Framingham risk particularly among those
<50 years, and associated with an increase in Framingham risk over time. Of note, the
American College of Cardiology and the American Heart Association released a revised 10-
year CVD risk calculator in November 2013, shortly after our study was conducted. The
revised calculator has been shown to overestimate risk in several large external validation
cohorts (29), as discussed in an on-going debate (e.g. (30, 31)), and as such additional data
are needed before implementation of this new risk calculator. Another potential limitation is
assessment of ED with a modified IIEF-5 at BACH Il, which may have misclassified men as
having severe ED if they responded “no sexual activity” or “did not attempt sexual
intercourse” for reasons other than ED (i.e. no sexual partner). Despite this potential
misclassification, our findings largely persisted with exclusion of these individuals.

Conclusions

Using longitudinal data from a population-based sample of men without CVD, our findings
suggest that younger men with persistent ED have an increased Framingham risk that is
independent of traditional CVD risk factors. Findings further support clinical assessment of
CVD risk in men <50 years presenting with ED. Future longitudinal studies with additional
assessments of ED and CVD risk in younger men will to help elucidate the relationship of
ED status over time and risk and development of CVD.
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Figure 1.

Study design and data collection scheme. Variables used in models are in bold and

underlined.
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Figure 2.

Difference in Framingham CVD risk (%) in men with transient and persistent ED compared
to men without ED (all ages and stratified by age). Bars represent 95% Cls. Results are from
unadjusted, age-adjusted, and multivariable-adjusted (demographics, lifestyle factors and
baseline Framingham CVD risk) linear regression models. Men with transient and persistent
ED over time had greater Framingham CVD risk compared to men without ED.
Associations remained significant in men under 50 years after adjusting for baseline
Framingham risk, but not in men over 50 years.
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250 years

Multivariable

Transient

Difference in change in Framingham CVD risk over time (%) in men with transient and

persistent ED compared to men without ED (all ages and stratified by age). Bars represent

95% Cls. Results are from unadjusted and multivariable-adjusted (demographics and
lifestyle factors) linear regression models. Both transient and persistent ED were associated
with a greater change in Framingham risk over time in men under 50 years, but not over 50

years.
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Characteristics of male study participants free of CVD at BACH | and BACH 11 (n=965)

Table 1

No.  Weighted percent

Age, mean (SE) (years) ™ 44.3 0.57
Race/ethnicity

White 375 3g.9f

Black 297 30.8

Hispanic 293 304
Married/living with partner (Y/N)* 411 48.2
Education™

HS or less 432 55.6

Some College 325 29.7

Advanced degree 146 9.4
Income ($)

<20,000 316 21.1

20,000-50,000 315 27.8

>50,000 334 51.1
BMI (kg/m2)™

Normal (<25) 241 25.2

Overweight (25-30) 391 44.7

Obese (>30) 334 30.1
Blood pressure (mmHg)*

Systolic 123.3 0.65

Diastolic 775 0.52
Smoking status™

Current 404 45.5

Former 270 26.9

Never 291 27.6
Physical activity*

Low 235 21.1

Medium 482 49.5

High - 246 29.4
Alcohol use (drinks/day)*

none 285 22

<1 358 41.2

1-3 219 27.3

>3 103 9.5
Depression (Y/N)* 206 17.0
Use of antihypertensives

BACH I 205 13.2
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No. Weighted percent
BACH Il 308 21.3
Use of statins
BACH I 112 8.8
BACH Il 181 16.2
Use of ED medication™
BACH I 18 1.94
BACH Il 29 2.92
Change in ED status from BACH | to BACH Il
No ED 263 37.7
Transient ED 288 30.1
Persistent ED 414 32.6
IIEF-5
BACH I, mean (SE) 21.0 0.21
BACH Il, mean (SE) 18.34 0.47

*
determined at baseline;

TPercents are unweighted
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