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Abstract

Introduction—Erectile dysfunction (ED) and cardiovascular disease (CVD) share
pathophysiological mechanisms and often co-occur. Yet it is not known whether ED provides an
early warning for increased CVD or other causes of mortality.

Aim—We sought to examine the association of ED with all-cause and cause-specific mortality.

Methods—Prospective, population-based study of 1,709 men (of 3,258 eligible) aged 40-70
years. ED was measured by self-report. Subjects were followed for a mean of 15 years. Hazard
ratios (HR) were calculated using the Cox proportional hazards regression model.

Main outcome measures—Mortality due to all causes, CVD, malignant neoplasms, and other
causes.

Results—Of 1,709 men, 1,284 survived to the end of 2004 and had complete ED and age data.
Of 403 men who died, 371 had complete data. After adjustment for age, body mass index, alcohol
consumption, physical activity, cigarette smoking, self-assessed health, and self-reported heart
disease, hypertension, and diabetes, ED was associated with HRs of 1.26 [95% confidence interval
(CI), 1.01-1.57] for all-cause mortality and 1.43 (95% Cl, 1.00-2.05) for CVD mortality. The HR
for CVD mortality associated with ED is of comparable magnitude to HRs of some conventional
CVD risk factors.

Conclusions—These findings demonstrate that ED is significantly associated with increased all-
cause mortality, primarily through its association with CVD mortality.
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INTRODUCTION

Erectile dysfunction (ED) affects approximately 18 million men aged 20 years or older in
the US.1 With aging of the U.S. and worldwide population, a considerable increase in the
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prevalence of ED is projected.? The factors that increase risk of ED include older age,
depression, diabetes, and cardiovascular disease (CVD) risk factors.3~7 The relationship
between ED and CVD has received substantial attention. The prevailing notion supported by
relatively scant data is that ED may serve as a sentinel marker for CVD.8-18 This is based
largely on shared pathophysiological mechanisms (e.g., endothelial dysfunction, arterial
occlusion, systemic inflammation)8 11. 14, 19-24 anq risk factors,* 6: 11. 25-28 the high co-
prevalence of both conditions, 13. 15,29, 30 and the reasonable premise that progressive
occlusive disease should manifest earlier in the microvasculature than in larger vessels.14 31
Prospective studies examining ED as a sentinel for CVD are rare, but recent data from the
placebo arm of the Prostate Cancer Prevention Trial (PCPT),32 the Olmstead County
Study,33 as well as others3* 35 provide some support, although not for the most meaningful
end-points of cardiovascular and overall mortality. Any link between ED and mortality
would have important clinical implications in light of the observation that sudden death may
be the first manifestation of C\VD.36-38

To our knowledge, PCPT is the only study to examine the association between ED and
mortality risk.32 In that study, death from any cause was unrelated to prevalent or incident
ED. The number of deaths in PCPT, however, was relatively small and follow-up was short
at 7 years. Our objective was to examine the association of ED with all-cause and cause-
specific mortality in a well-characterized cohort of men who were followed over a mean of
15 years. We tested the hypothesis that ED predicts all-cause mortality, primarily through its
association with CVD mortality.

The Massachusetts Male Aging Study (MMAS) is a prospective observational cohort study
of aging, health, and endocrine and sexual function in a population-based random sample of
men between ages 40-70 y.39 A total of 1,709 respondents (52% of 3,258 eligible)
completed the baseline (1987-89; baseline) protocol. MMAS subjects were observed again
in 1995-97 (n=1,156, 77% response rate) and 2002-04 (n=853, 65% response rate). These
response rates were expected given the requirements for early-morning phlebotomy and
extensive in-person interviews. Participants received no financial incentive at baseline, and
$50 and $75 remunerations at the first and second follow-ups, respectively.

Extensive details on the MMAS have been published elsewhere.3? The core field protocol
for MMAS remained the same between throughout the study. A trained field technician/
phlebotomist visited each subject at home, administered a health questionnaire, and obtained
two non-fasting blood samples. Anthropometrics (height, weight, hip and waist
circumference) and blood pressure were directly measured according to standard protocols
developed for large-scale fieldwork.? Two non-fasting blood samples were drawn and
serum was pooled for analysis. High-density lipoprotein (HDL) cholesterol was measured at
a CDC-certified lipid laboratory (Miriam Hospital, Providence, RI). The following
information was collected via interviewer-administered questionnaire: demographics,
psychosocial factors, history of chronic disease, self-assessed general health status, tobacco
and alcohol use, nutritional intake, and physical activity/energy expenditure during the past
seven days. MMAS received institutional review board approval and all participants gave
written informed consent.
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A common set of variables was used to control for confounding in multivariate statistical
models. Age and body mass index (BMI) were input as continuous variables. In addition, the
following categorical variables were included: alcohol consumption (< 1, 1, and 2+ drinks/
day), calories expended in physical activity (none, < 200 kcal/day, and > 200 kcal/day),
current cigarette smoking, self-assessed health (excellent, very good, good, fair/poor), and
self-reported chronic disease (heart disease, hypertension and diabetes).

Erectile dysfunction

At the end of the interview, the subject was given a 23-item questionnaire on sexual activity
to be completed in private and returned in a sealed envelope.#! The questionnaire included
13 items related to ED; e.g., “During the last six months have you ever had trouble getting
an erection before intercourse begins?” The 13 items were combined in a discriminant-
analytic formula to assign a degree of erectile function to each subject.? The same
discriminant formula was used at both baseline and follow-up.

Calibration data for the discriminant formula were taken from an additional single-question,
subjective self-assessment of ED, included in the follow-up questionnaire in response to
recommendations of the NIH Consensus Panel.3 Impotence was defined as “being able to
get and keep an erection that is rigid enough for satisfactory sexual activity.” The subject
rated himself as completely impotent (“never able to get and keep an erection ...”),
moderately impotent (“sometimes able ...”), minimally impotent (“usually able...”), or not
impotent (“always able ...”). In random subsets of the follow-up samples the self-
assessment was validated*3 against two established ED measures, the International Index of
Erectile Function® (7= 0.71, n = 254) and the Brief Male Sexual Function Inventory*® (r=
0.78, n = 251), as well as an independent urologic assessment.#6 As we have done in
previous analyses,* 5 47 we analyzed both the 4-category ED status variable and also a
binary ED status variable (absence/presence) which was defined as moderate or complete
ED.

Vital status and cause of death

Vital status of MMAS respondents was ascertained through the year 2004 by linking the
MMAS database with the National Death Index (NDI).48 Cause of death was ascertained via
the NDI Plus service, which provides causes of death according to the International
Classification of Diseases (ICD). Before 1999, deaths were coded according to the ICD, 9th
Revision and subsequently, according to the ICD, 10™" Revision. As we have done
previously,*® we categorized deceased respondents according to underlying cause of death.
We considered deaths from all-causes and those due to: diseases of the circulatory system
(ICD-9/ICD-10 codes 390-459/100-199), which we refer to as CVD death and includes
coronary heart disease, heart failure, peripheral vascular disease, cerebrovascular disease,
and other vascular diseases;>% malignant neoplasms (ICD-9/ICD-10 codes 140-208 and
235-238/C00-C97 and D37-D48); and other causes. NDI P/us matches nosologist coding of
cause of death within organ system in 97% of cases.>!

Statistical analysis

Person-years (py) were accumulated from each subject's baseline visit to date of death or
December 31, 2004. We computed mortality rates (deaths/py) in each ED category, with
95% confidence intervals (CI) estimated under the assumption that mortality rates followed
a Poisson distribution.>2 Hazard ratios (HR) were calculated using the Cox proportional
hazards regression model;>3 men with no ED served as the reference group for the 4-
category ED variable and men with no or minimal ED served as the reference group for the
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binary ED variable in the calculation of HRs. To allow for changes in ED status during the
follow-up period,>* ED was modeled as a time-dependent covariate. Tests for linear trend
across the 4-category ED variable were performed by creating linear contrasts. Significance
was tested with Wald Chi-Square tests and was considered present when p < .05.

As of December 31, 2004, there were 403 deaths and 1,306 surviving members of the
MMAS. Of the deceased men, 371 had complete data on ED and age. Of those who were
known to be alive, 1,284 had complete data on ED and age. In total, we included 1,655 men
who contributed 25,114 person-years of follow-up (mean follow-up: 15.2 years) to the
analysis. The largest number of deaths (n=140, 37.7%) were due to CVD. There were 124
cancer deaths (33.4%) and 107 deaths from other causes (28.8%).

At baseline, the percentage of men in the four ED categories in this analysis sample was as
follows: none (56%), minimal (23%), moderate (8%), and complete (12%). Table 1 shows
baseline characteristics of men according to ED status, categorized as absent (none or
minimal ED, n = 1,317) and present (moderate or complete ED, n = 388). Men with ED
were older (60 * 8 y) than men without ED (54 + 8 y). Men with ED were less likely to
report that they were currently employed, had lower household income, were more likely to
have been diagnosed with hypertension or diabetes, had worse overall health, a higher
prevalence of smoking, and more light drinking. Men with ED also had slightly higher BMI
and waist circumference, higher caloric intake and lower calorie expenditure, lower HDL
cholesterol, higher SBP, and higher mean depression scores.

Age-adjusted mortality rates with 95% Cls are displayed in Figure 1 and associated HRs
adjusted for age are displayed in Table 2. Data not shown provide no evidence to suggest
variation in the associations between ED and mortality by age (all ED x age group
interaction p-values = .19). Cancer mortality exhibited no association with ED (HR = 1.30,
95% ClI, 0.89-1.90). Risk of mortality due to CVD increased as ED severity increased (p <.
001). The age-adjusted HR for CVD death in men with moderate/complete ED compared to
men with no/minimal ED was 1.87 (95% CI, 1.32-2.64). Risk of death due to other causes
was significantly associated with ED (HR = 1.64, 95% Cl, 1.11-2.45), but not in a dose-
dependent fashion. The risk of all-cause mortality was considerably higher in men with
complete ED. The age-adjusted HR for moderate/complete ED compared with none/minimal
ED was 1.60 (95% ClI, 1.29-1.98).

Table 2 also shows the association of ED with mortality in multivariate-adjusted models.
Deaths due to cancer or other causes showed no evidence of an association with ED. In
contrast, death due to CVD and all causes were significantly associated with ED. HRs for
moderate/complete ED compared with none/minimal ED were 1.26 (95% Cl, 1.01-1.57) for
all-cause mortality and 1.43 (95% CI, 1.00-2.05) for CVVD mortality. When tested for trend,
evidence for a dose-response in these multivariate models was statistically significant for
all-cause mortality although relatively weak.

We performed a sensitivity analysis that examined whether self-assessed ED, using the
single item measured at the first follow-up, predicted all-cause mortality. The multivariate-
adjusted HR associated with ED at the first follow-up was 1.29, with a wide confidence
interval (95% CI, 0.85-1.96) due to the fact that this analysis included 948 subjects and only
119 deaths over 7 y of follow-up.

To put these findings in context, Table 3 displays HRs for all variables included in the
multivariate models for all-cause and CVD mortality. The HR for all-cause mortality
associated with ED was smaller than most conventional CVD risk factors. However, the HR
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for CVD mortality associated with ED was comparable to a number of conventional risk
factors, such as BMI, diabetes, and hypertension.

DISCUSSION

In this prospective study of 40-70 year-old men followed for 15 years, ED is positively
associated with all-cause and CVVD mortality in age- and multivariate-adjusted models.
Thus, the hypothesis that any observed association between all-cause mortality and ED
would be explained by the presence of an association of ED with CVD death and a lack of
or inconsistent association with other causes (e.g., cancer or “other” mortality) was
confirmed. In models adjusted for several strong confounding influences, men with ED have
a 26% higher risk of all-cause mortality and a 43% higher risk of death due to CVD,
compared to men without ED. In this study ED is as strongly associated with CVD mortality
as some prominent risk factors for CVD. This is consistent with other studies that have
examined ED as a predictor of incident CVD.32 33

ED has been shown to predict a composite end-point of various adverse cardiac events in
both low32: 35 and high34: 5° cardiovascular risk populations. In addition, in community-
dwelling men, ED was associated with an approximately 80% higher risk of subsequent
coronary artery disease.33 The association of ED with coronary artery disease in that study
was particularly strong among younger men; this is unlike the current study, in which the
association between ED and CVD death was consistent across age groups. Studies of the
association between ED and mortality are limited to the PCPT. In the placebo arm of the
PCPT,32 all-cause mortality was related to incident ED with HR of 1.14 (not statistically
significant). The magnitude of this estimate from PCPT is only slightly smaller than that
observed in this report. The lack of significance reported could be due to the fact that PCPT
follow-up was shorter (7 years in PCPT vs. 15 years in the present study) and fewer deaths
were observed (174 in PCPT vs. 371 in the present study).

Endothelial dysfunction, characterized by impaired nitric oxide (NO) bioavailability,
precedes the development of atherosclerotic lesions and has been suggested as an important
link between ED and CVD.8: 11. 19-24 penile erection involves active relaxation of the
cavernosal arteries accompanied by passive restriction of venous outflow from the penis.
These actions are mediated by the activation of nitric oxide (NO)-cyclic guanosine
monophosphate (cGMP) pathway. Additionally, NO mediates many of the antiatherogenic
functions of the arterial endothelium, including its effects on inflammation, vascular smooth
muscle proliferation, and platelet aggregation.56 The presence of arteriogenic ED in men
may be a strong indicator of the presence of atherosclerotic disease in other parts of the
body. This is confirmed in our study. Studies showing that ED is predictive of the
development of CVD32 3435 a5 well as those showing the presence of increased carotid
intima-media thickness in men with ED but no clinical evidence of atherosclerosis provide
additional support for this hypothesis.5” The penile corpora may be more susceptible to the
consequences of reduced vasodilation and blood flow reserve than the heart or brain given
the smaller diameter of the penile arteries.3! In addition, the peripheral cavernosal arteries
are end arteries, and thus do not have the ability to form collaterals to compensate for
decreased blood flow, as does the heart.8 Thus, loss of vasodilation may be recognized
earlier in the microvascular penile bed than in coronary arteries.

Limitations to the current study should be acknowledged. Perhaps the most important
limitation concerns the measurement of ED. The ED variable used in this report was derived
from the gold-standard self-assessment obtained at the first follow-up visit. This self-
assessment was not included at baseline. Nonetheless, in our sensitivity analysis, we showed
that the HR for all-cause mortality using the derived ED measure (HR = 1.26) was very
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similar to the estimated HR using the gold-standard self-assessment measured at the first
follow-up (HR = 1.29). This supports the use of the derived ED variable used in this
analysis. Another concern is that MMAS included mostly white men of higher
socioeconomic status, so these results may not be generalizable to more diverse populations.
However, MMAS was representative of the greater Boston, MA male population at the time
of sampling®® and the distribution of the MMAS causes of death are consistent with the
leading causes of death for the MA population at the midpoint of study (1996).50 Although
the low (52%) response rate at baseline is cause for concern, a telephone survey of 206 non-
respondents to MMAS*! showed that while non-respondents were older, less likely to report
cancer or heart disease, and more likely to report their health as fair or poor compared to the
entire cohort, there were no differences in the prevalence of diabetes, high blood pressure, or
restriction in activity due to poor health. Finally, this study did not include assessments of
other known CVD risk factors such as family history of CVD or diabetes, fasting glucose,
and inflammation and self-reports of chronic disease have their limitations.

These limitations must be considered in light of the strengths of this study. These include a
random, population-based sample of generally healthy, well-characterized men from a
defined geographic area, the ability to statistically adjust for a number of factors that could
confound the association between ED and mortality, the length of follow-up and the
relatively sizable number of events, and the examination of both all-cause and cause-specific
mortality. Furthermore, we were able to update ED exposure data, allowing for more precise
estimation of potentially modest associations.

The findings from this study and others have major clinical and public health implications.
Since the introduction of phosphodiesterase type 5 inhibitors, awareness of ED has increased
substantially. Thus, discussions between patients and physicians centered on ED and sexual
health should be easier to initiate, particularly if these topics are contextualized as relating to
potentially serious medical conditions. The assessment of ED is very straightforward and
can be done efficiently by simply asking the about a patient's ED status.*6 The present
findings emphasize the need for primary care physicians and other health care providers to
pay particular attention to the cardiovascular risk profiles of their patients with ED.%: 61 |f
patients present with ED, current recommendations®: 1 — which our study reinforce by
linking ED to cardiovascular mortality and showing that ED predicts mortality as strongly as
established cardiovascular risk factors — indicate that they should be screened and perhaps
treated for cardiovascular disease. Although it is difficult to estimate with currently available
data how the implementation of these guidelines would improve survival, these data provide
evidence that the impact could be substantial.
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FIGURE 1.

Age-adjusted all-cause and cause-specific mortality rates per 1,000 person-years (95% CI)
according to level of erectile dysfunction. Rates are adjusted to the mean age of the analytic
sample (55 y). Person-years = py.

J Sex Med. Author manuscript; available in PMC 2012 December 18.



1X31-)ewiarems 1Xa1-)ew1a1ems

1Xa1-)1ewa1ems

Araujo et al.

TABLE 1

Descriptive characteristics of analytic sample by baseline ED status.

ED absent (n=1,317)

ED present (n=338)

Normean (% or SD) Nor mean (% or SD)

Agegroup (10-y)

40-49 yrs 511 (39) 47 (14)

50-59 yrs 464 (35) 01 @7

60-70 yrs 342 (26) 200 (59)
Race

White 1254 (95) 331 (98)

Black 41 3) 4 1)

Other 20 ) 3 (1)
Marital status

Never married 126 (10) 32 )

Currently married 1020 77) 253 (75)

Divorced/Separated 142 (11) 35 (10)

Widowed 29 ) 18 (5)
Currently employed 1109 (84) 206 (61)
Education

High school or less 323 (25) 132 (39)

Some college or BA 552 (42) 140 (41)

Advanced study beyond BA 442 (34) 66 (20)
Annual household income

< $40,000 434 (34) 170 (53)

$40,000-$79,999 564 (44) 115 (36)

>$80,000 288 (22) 36 (11)
Heart disease 129 (10) 73 (22)
Hypertension 371 (28) 121 (36)
Diabetes 75 (6) 50 (15)
Self-assessed health

Excellent 461 (35) 58 7

Very good 482 37) 108 (32)

Good 290 (22) 124 (37)

Fair/poor 82 (6) 48 (14)
Current smoking 299 (23) 95 (28)
Alcohol consumption

< 1 drink/day 681 (52) 197 (59)

1 drink/day 383 (29) 72 (22)

2+ drinks/day 243 (19) 65 (19)
Calories expended in physical activity

None 76 (6) 43 (13)

< 200 kcal/day 348 (26) 112 (33)
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ED absent (n=1,317) ED present (n=338)
Normean (% or SD) Nor mean (% or SD)
> 200 kcal/day 893 (68) 182 (54)

Caloricintake (kcal/day) 2,087 (766) 2,058 (869)
Body massindex (kg/m?) 27.2 4.3) 27.8 4.7)
Waist circumference (in) 38.2 (4.4) 39.1 (4.9
High-density lipoprotein (mg/dl) 43.3 (13.7) 39.9 (12.9)
Systolic blood pressure (mmHg) 126.0 (15.6) 130.0 (18.0)
Depression score 6.1 (6.9) 7.8 (8.2)
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TABLE 3

Page 14

Multivariate-adjusted hazard ratios “associated with risk factors for all-cause and cardiovascular mortality.

Risk factor

All-cause

Cardiovascular

HR (95% CI)

P-Value

HR (95% Cl)

P-Value

M oder ate/complete ED (vs. none/minimal)
Age (10-y increase)

Body massindex (per SD increase)

2+ alcohol drinks/day (vs. <1 drink/day)
Low physical activity (vs. high)

Current smoking

Fair/poor health (vs. excellent)

Heart disease

Hypertension

Diabetes

1.26 (1.01-1.57)
2.78 (2.37-3.26)
1.02 (0.91-1.13)
1.41 (1.08-1.84)
1.27 (0.89-1.81)
1.97 (1.56-2.49)
1.98 (1.34-2.93)
1.90 (1.48-2.44)
1.43 (1.15-1.78)
1.95 (1.47-2.59)

.04
<.001
.75
.01
19
<.001
<.001
<.001
.002
<.001

1.43 (1.00-2.05)
3.13 (2.37-4.13)
1.10 (0.92-1.30)
0.90 (0.56-1.45)
1.03 (0.57-1.88)
1.87 (1.27-2.77)
1.91 (1.05-3.50)
2.84 (1.95-4.13)
1.43 (1.00-2.05)
1.62 (1.03-2.56)

.05
<.001
.30
.66
.92
.002
.04
<.001
.05
.04

*
Hazard ratios obtained from proportional hazards regression models of all-cause and cardiovascular mortality that included all of the variables

listed in the table.
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