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Abstract

BACKGROUND—The prevalence of elevated cardiac biomarkers and their link to mortality in
men with erectile dysfunction in the U.S. population are unknown.

OBJECTIVES—The purpose of this study was to evaluate the prevalence of elevations in N-
terminal prohormone B-type natriuretic peptide, high sensitivity troponin (hs-troponin) T, and 3
hs-troponin | assays and their associations with mortality in U.S. men with and without erectile
dysfunction.

METHODS—We conducted cross-sectional analyses using logistic regression to examine
associations of elevated cardiac biomarkers (>90th percentile) with erectile dysfunction in 2,971
male participants aged 20 years or older in the National Health and Nutrition Examination Survey
(NHANES) from 2001 to 2004. We conducted prospective analyses using Cox regression to
examine the mortality implications of elevations in cardiac biomarkers in the setting of erectile
dysfunction.

RESULTS—Elevations in hs-troponin T and the 3 hs-troponin | assays were associated with
erectile dysfunction, with the strongest association for hs-troponin T (adjusted OR: 2.01; 95%

Cl: 1.22-3.30). Elevated N-terminal prohormone B-type natriuretic peptide was not significantly
associated with erectile dysfunction (OR: 1.22; 95% CI: 0.74-2.03). There were 673 deaths during
a median of 16 years of follow-up. Men with erectile dysfunction were at an elevated risk of
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death (adjusted HR: 1.23; 95% CI: 1.04-1.46). Those men with elevated cardiac biomarkers in
the setting of erectile dysfunction were at highest risk of all-cause and cardiovascular mortality
(adjusted HRs ranging from ~1.5 to 2.4).

CONCLUSIONS—In this national study, the association of erectile dysfunction with elevated
hs-troponin and excess mortality risk suggests that men with erectile dysfunction should be
evaluated and targeted for intensive cardiovascular risk management.
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Erectile dysfunction affects more than 20 million adult men in the U.S.1 and can have an
underlying neurological, endocrinological, or psychological etiology.? Vascular disease can
also cause erectile dysfunction via abnormalities in penile blood supply.® Cardiovascular
disease and its risk factors are strongly linked to erectile dysfunction,* and men with

a history of erectile dysfunction are at elevated risk for all-cause and cardiovascular
mortality.>~" Despite the strong link to cardiovascular disease events, there are few studies
that have examined the association of subclinical cardiovascular disease with erectile
dysfunction.8

There is growing interest in the use of the cardiac biomarkers N-terminal prohormone
B-type natriuretic peptide (NTproBNP) and high sensitivity cardiac troponin (hs-troponin)
to monitor risk in the general adult population and to guide treatment and management

of cardiovascular risk in high-risk groups.® Elevations in hs-troponin in the general adult
population reflect chronic subclinical myocardial damage.1911 NTproBNP is a biomarker
of cardiac wall stress and is routinely used in the evaluation of congestive heart failure.12
NTproBNP and hs-troponin are potent markers of mortality and future cardiovascular risk,
especially heart failure.13-16 However, no prior studies have examined a possible link
between these cardiac biomarkers and erectile dysfunction in the general male population.

Because erectile dysfunction can have an underlying vascular basis, we hypothesized that
hstroponin and NTproBNP would be associated with prevalent erectile dysfunction in the
general population of U.S. men. To address this question, we conducted a cross-sectional
study of adult men who participated in the National Health and Nutrition Examination
Survey (NHANES) from 2001 to 2004. We examined the prevalence of subclinical
cardiovascular disease defined by elevations in high-sensitivity cardiac troponin and/or
NTproBNP in men with erectile dysfunction. We also examined the risk of mortality
associated with having elevated cardiac biomarkers in the setting of erectile dysfunction.

METHODS
STUDY POPULATION.

Erectile dysfunction was assessed in all male participants aged 20 years or older in the 2001
to 2004 NHANES survey cycle. We measured cardiac biomarkers in all eligible participants
with stored blood in this survey cycle. Our study population included 2,971 men without a

history of cardiovascular disease (self-reported coronary heart disease, angina, heart attack,

JACC Adv. Author manuscript; available in PMC 2023 July 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Selvin et al. Page 3

stroke, or heart failure), who were not missing any covariates of interest, and who had valid
assessments of erectile dysfunction and cardiac biomarkers.

MEASUREMENT OF CARDIAC BIOMARKERS.

We conducted measurements of NTproBNP, hs-troponin T, and hs-troponin | (3 different
assays) as part of a stored serum study utilizing NHANES biospecimens.1? Hs-troponin

T and NTproBNP (Roche Diagnostics) were measured on a Cobas €601 analyzer using
Elecsys reagents. Hs-troponin | (Abbott Laboratories) was measured using the ARCHITECT
i2000SR, hs-troponin | (Siemens Healthcare Diagnostics) was measured using the Centaur
XPT, and hs-troponin I (Ortho Clinical Diagnostics) was measured using the Vitros 3600.

All participants provided written informed consent. All study protocols including this stored
serum study were approved by the ethics review board of the National Center for Health
Statistics.

ASSESSMENT ERECTILE DYSFUNCTION.

Erectile dysfunction was only assessed during the 2001 to 2004 NHANES survey cycles. In
these survey years, all men aged 20 or older were asked to self-report erectile dysfunction
during a computer-assisted self-interview system in response to the prompt: “How would
you describe your ability to get and keep an erection adequate for satisfactory intercourse?”
Possible responses included “always or almost always able; usually able; sometimes able;
or never able.” In this study, we defined erectile dysfunction as ‘never able to achieve an
erection’ to increase the specificity of classification and allow us to focus on organic causes
of erectile dysfunction (the other major category of erectile dysfunction, psychologic, is
characterized by intermittent ability to achieve erections such as nocturnal erections).18

ASSESSMENT OF COVARIATES.

Age, sex, education, marital status, race, and ethnicity were self-reported by participants.
All interview questions were conducted using a computer-assisted self-interview system
conducted by trained personnel. In this study, race and ethnicity were categorized according
to responses to survey questions on race and Hispanic origin. Body mass index (kg/m?2)
was calculated based on measured height and weight. Hypertension was defined as mean
blood pressure =2140/90 mm Hg or current use of blood pressure-lowering medications,

and hypercholesterolemia was defined as total cholesterol =240 mg/dL or current use

of cholesterol-lowering medications. Diabetes was defined as a self-reported physician
diagnosis, current use of glucose-lowering medications, or HbAlc =6.5%.

MORTALITY.

Deaths are captured in NHANES via probabilistic linkage to the National Death Index (end
of follow-up, December 31, 2019). Cardiovascular mortality was defined as heart disease or
cerebro-vascular disease as the underlying cause of death.1°

STATISTICAL ANALYSES.

We compared the characteristics of U.S. adult men with and without erectile dysfunction.
We evaluated the crude and age-adjusted prevalence of elevated cardiac biomarkers among
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men with and without erectile dysfunction. Age-adjustment was conducted using logistic
regression (direct approach). To put the NTproBNP and different hs-troponin assays

on equal footing, we defined ‘elevated’ NTproBNP or hs-troponin as a value above

the weighted 90th percentile calculated in the study population without self-reported
cardiovascular disease. We conducted secondary analyses using typical clinical cut-points
for elevated NT-proBNP of =125 pg/mL for those aged <75 years and =450 pg/mL for those
>75 years.20-21 Manufacturer-defined 99th percentiles or recommended ‘risk’ thresholds for
hs-troponin: hs-troponin T (Roche) =14 ng/L; hs-troponin | (Abbott) =6 ng/L; hs-troponin |
(Siemens) 247.34 ng/L; and hs-troponin | (Ortho) =11 ng/L.22-25

We evaluated the independent associations of categories of elevated cardiac biomarkers
with prevalent erectile dysfunction using logistic regression. We also modeled each of the
cardiac biomarkers as restricted cubic splines with knots located at the 5th, 35th, 65th, and
95th percentiles. We used Cox regression models to generate HRs for the association of
erectile dysfunction with all-cause and cardiovascular mortality overall and in the presence
and absence of elevated cardiac biomarkers. Follow-up time was calculated from baseline
until death or administrative censoring (December 31, 2019). In analyses of cardiovascular
mortality, deaths due to other causes were censored.

Model 1 included an adjustment for age (years). Model 2 included age (years), race
(non-Hispanic White, non-Hispanic Black, Mexican American, or other/other Hispanic),
education (college graduate, some college, or less than a high school education), marital
status (married or not married or cohabitating), smoking (never former, current), body mass
index (<25, 25-<30, or =30 kg/m?2), hypertension (measured blood pressure 140/90 mm

Hg or current use of blood pressure-lowering medications), hyper-cholesterolemia (total
cholesterol =240 mg/dL or current use of cholesterol-lowering medications), and diabetes
(current use of glucose-lowering medications or hemoglobin Alc =6.5%).

RESULTS

The prevalence of severe erectile dysfunction (never able to achieve an erection) was 4.5%,
corresponding to 4.4 million men aged 20 years or older in the U.S. in 2001 to 2004,

but with a much higher prevalence among men aged 65 or older (26.2%). The mean age
among men with severe erectile dysfunction was 65 years, 23 years older than men without
erectile dysfunction (Supplemental Table 1). The crude prevalence of elevated NTproBNP or
hs-troponin (exceeding the 90th percentile in the general adult male population aged 20 or
older) ranged from 25.3% to 47.9% among men with erectile dysfunction, depending on the
assay (Supplemental Table 1). Given the substantial differences in age comparing men with
and without erectile dysfunction, we included age adjustment in all subsequent analyses.

When comparing age-adjusted prevalence estimates, men who reported erectile dysfunction
were less likely to be White and more likely to be Mexican American, to have lower
education levels, and to have a substantially higher burden of cardiovascular risk factors
such as hypertension, high cholesterol, or diabetes (Table 1). The age-adjusted prevalence
of elevated NTproBNP was similar in the 2 groups, whereas elevated hs-troponin was more
common in men with erectile dysfunction (Figure 1).
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In age- and multivariable-adjusted models, elevations in hs-troponin T and the 3 hs-troponin
| assays were associated with erectile dysfunction (Table 2), although the associations for
elevated hs-troponin | (Abbott) and hs-troponin | (Siemens) were not statistically significant
after adjustment for other risk factors (Model 2) (Central Illustration). Similar results were
observed using clinical cut-points (Supplemental Table 2). Elevated NTproBNP was not
associated with erectile dysfunction (Table 2, Supplemental Table 2). Hs-troponin T was
more strongly associated with erectile dysfunction as compared to the hs-troponin | assays.
In analyses with the cardiac biomarkers modeled continuously using restricted cubic splines,
the stronger association with hs-troponin is particularly evident (Supplemental Figure 1).

There were 673 deaths (191 from cardiovascular causes) in this population during a median
of 16 years of follow-up. Men reporting erectile dysfunction were at a significantly elevated
risk of all-cause mortality (HR: 1.23; 95% CI: 1.04-1.46) and a nonsignificantly elevated
risk of cardiovascular mortality (HR: 1.35; 95% CI: 0.92-1.10) after accounting for other
risk factors (Table 3). Men experiencing erectile dysfunction and elevations in any of the
cardiac biomarkers were at the highest risk of subsequent mortality, with a consistently
>2-fold increased risk of cardiovascular death (Table 3, Supplemental Table 3).

DISCUSSION

We found that subclinical myocardial damage, as assessed by elevated concentrations of
hs-troponin T or I, was associated with erectile dysfunction, whereas NTproBNP was

not. In this general population of men aged 20 years or older without a history of
cardiovascular disease, the crude prevalence of elevated cardiac biomarkers was extremely
high (~25%-50%), primarily due to the older age of these men. However, even after
adjustment for age and other risk factors, the prevalence of elevated hs-troponin was
significantly higher in men with erectile dysfunction compared to those without. The

high prevalence of subclinical vascular disease even after accounting for age and other
cardiovascular risk factors suggests that men with erectile dysfunction should be evaluated
and targeted for intensive cardiovascular risk management.

The specific association of hs-troponin with erectile dysfunction suggests a common
etiology. Hs-troponin is released into the blood from cardiomyocytes in the setting of
myocardial disease, which can occur due to structural heart disease (eg, from hypertension
or diabetes) or ischemic heart disease (eg, from coronary atherosclerosis). These same
underlying causes of myocardial disease are associated with erectile dysfunction.26:27 We
observed stronger associations of hs-troponin T with erectile dysfunction as compared to

the hs-troponin | assays. Hs-troponin T and hs-troponin I are only modestly correlated

in the general population,8 and prior studies have also reported distinct associations of hs-
troponin T vs hs-troponin | with different vascular outcomes.2? The more robust associations
of hs-troponin T with erectile dysfunction are consistent with the stronger associations of hs-
troponin T with skeletal muscle disease and frailty.30:31 Unlike hs-troponin, NTproBNP is a
hemodynamic biomarker that is secreted by cardiomyocytes in response to myocardial wall
stretch and may be less relevant to the disease processes that underlie erectile dysfunction.32
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Erectile dysfunction was an independent risk factor for mortality in this general U.S. adult
population.>8 We also found that those men who had erectile dysfunction and elevated
cardiac biomarkers were at a markedly higher risk of cardiovascular death. These results
are consistent with a large body of literature demonstrating that NTproBNP and hs-troponin
provide useful prognostic information in the general population and can identify those
persons at highest risk for all-cause and cardiovascular mortality. Our results suggest that
clinicians should be aware of erectile dysfunction as a marker of mortality risk in adult men
and that cardiac biomarkers can identify a subset at highest risk.

STUDY LIMITATIONS.

Limitations of this study included the relatively small sample size as erectile dysfunction
was only assessed during the 2001 to 2004 survey cycles of NHANES, possible under-
reporting of erectile dysfunction, which could have resulted in some misclassification, and
the cross-sectional nature of NHANES, which precludes drawing conclusions about the
directionality of the observed associations with cardiac biomarkers.

This study benefited from the rigorous design and methods employed in NHANES.
Strengths include the nationally representative sample of adult men in the U.S., the
assessment of erectile dysfunction using standard questions via a computer-assisted self-
interview system, and the availability of NTproBNP and hs-troponin assessed using 4
different assays. All measurements in this study were conducted by trained staff according to
standardized protocols.

In conclusion, we found a high prevalence of subclinical cardiac dysfunction, as assessed by
cardiac biomarkers, in men with erectile dysfunction. The associations of hs-troponin with
erectile dysfunction but not NTproBNP are consistent with the involvement of an underlying
vascular etiology and suggest that interventions to prevent microvascular disease (eg, blood
pressure control, physical activity, diabetes prevention) may prevent erectile dysfunction.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS AND ACRONYMS
hs-troponin | high sensitivity troponin |
hs-troponin T high sensitivity troponin T
NTproBNP N-terminal prohormone B-type natriuretic peptide
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PERSPECTIVES
COMPETENCY IN MEDICAL KNOWLEDGE:

Subclinical cardiac dysfunction is common in men with erectile dysfunction. Men who
have erectile dysfunction are at high risk for cardiovascular disease and mortality, even
after accounting for other risk factors.

TRANSLATIONAL OUTLOOK:

Men with erectile dysfunction should be evaluated and targeted for intensive
cardiovascular risk management.
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FIGURE 1.

Age-Adjusted Prevalence of Elevations in Cardiac Biomarkers (>90th Percentile) in U.S.
Men According to Erectile Dysfunction Status, NHANES 2001 to 2004
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Elevations in Cardiac Troponin T and | Are Associated With Erectile Dysfunction

U.S. adult men from the 2001-2004 National Health and Nutrition Examination Survey
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Adjusted Hazard Ratios for All-Cause and Cardiovascular Mortality

Men with elevated with cardiac biomarkers and erectile dysfunction were at highest risk of all-cause
and cardiovascular mortality (adjusted HRs ranging from ~1.5 to 2.4).

CENTRAL ILLUSTRATION.
Cardiac Biomarkers and Erectile Dysfunction
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No ED ED

Unweighted N 2,716 255
Age, y (unadjusted) 42.3(0.3) 65.3(1.1)
Race/ethnicity

Non-Hispanic White 749(2.1) 624(5.2)

Non-Hispanic Black 10.1(1.1) 8.5(2.0)

Mexican American 7.0(1.1) 201(5.1)

Other or other Hispanic 8.0 (1.1) 9.0 (4.0)
Education

College or higher 27.9(1.6) 22.3(3.5)

Some college 30.5(1.1) 15.3(1.8)

High school equivalent or less 41.6 (1.4) 62.4(3.8)
Not married or cohabitating 27.9(1.4) 39.9(5.3)
Smoking status

Never 46.7 (1.6) 48.0 (5.4)

Former 249(1.0) 27.7(3.8)

Current 28.4(1.4) 243(4.2)
Body mass index categories, kg/m?

<25 286(1.2) 32.7(3.6)

25-<30 42.0(1.3) 35.0(4.0)

>30 294 (1.0) 32.3(4.4)
Hypertension 215(1.3) 28.6(4.6)
Hypercholesterolemia 22.7(1.1) 18.7(2.9)
Diabetes 6.1 (0.6) 9.6 (1.9)

TABLE 1

Estimates are age-adjusted percentage (SE) unless otherwise indicated.
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Age-Adjusted Characteristics of U.S. Men Aged 20 or Older According to ED Status, NHANES 2001 to 2004
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TABLE 2

Odds Ratios (95% CI) for Elevated? NT-proBNP or hs-Troponin With Erectile Dysfunction in U.S. Men Aged
20 Years or Older, NHANES 2001 to 2004

OR (95% Cl)
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Model 1

Model 2

NT-proBNP
Not elevated
Elevated
Hs-troponin T (Roche)
Not elevated
Elevated
Hs-troponin | (Abbott)
Not elevated
Elevated
Hs-troponin | (Siemens)
Not elevated
Elevated
Hs-troponin | (Ortho)
Not elevated

Elevated

1.00 (Reference)
1.15 (0.71-1.86)

1.00 (Reference)
2.10 (1.36-3.25)

1.00 (Reference)
1.39 (1.01-1.92)

1.00 (Reference)
1.47 (1.09-1.97)

1.00 (Reference)
1.71 (1.20-2.43)

1.00 (Reference)
1.22 (0.74-2.03)

1.00 (Reference)
2.01 (1.22-3.30)

1.00 (Reference)
1.21 (0.86-1.71)

1.00 (Reference)
1.29 (0.91-1.82)

1.00 (Reference)
1.56 (1.04-2.34)

Model 1: adjusted for age. Model 2: adjusted for age, race, education, marital status, smoking, body mass index, hypertension,
hypercholesterolemia, and diabetes.

aEIevated NT-proBNP and troponin were defined as >90th percentile of each assay: 106.3 pg/mL for NT-proBNP; 12.45 ng/L for hs-troponin T
(Roche); 4.80 ng/L for hs-troponin | (Abbott); 8.67 ng/L for hs-troponin I (Siemens); and 2.00 ng/L for hs-troponin I (Ortho).
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Adjusted? Hazard Ratios (95% CI) for All-Cause and Cardiovascular Mortality According to ED and
Elevated? NT-proBNP or hs-Troponin at Baseline, U.S. Men Aged 20 or Older, NHANES 2001 to 2004

All-Cause Mortality

TABLE 3

Cardiovascular Mortality

HR (95% CI)

N Deaths/N

HR (95% CI)

N Deaths/N
No ED 508/2,716
ED 165/255
ED and NT-proBNP
No ED 508/2,716
ED, not elevated 62/131
ED, elevated 103/124

ED and hs-troponin T (Roche)

No ED 508/2,716
ED, not elevated 46/116
ED, elevated 119/139
ED and hs-troponin | (Abbott)
No ED 508/2,716
ED, not elevated 91/170
ED, elevated 74/85

ED and hs-troponin | (Siemens)

No ED 508/2,716
ED, not elevated 104/182
ED, elevated 61/73

ED and hs-troponin | (Ortho)

No ED 508/2,716
ED, not elevated 67/143
ED, elevated 98/112

1.00 (Reference)
1.23 (1.04-1.46)

1.00 (Reference)
1.15 (0.88-1.51)
1.31 (0.99-1.72)

1.00 (Reference)
0.82 (0.59-1.12)
1.60 (1.29-1.99)

1.00 (Reference)
1.10 (0.88-1.38)
1.51 (1.08-2.10)

1.00 (Reference)
1.10 (0.89-1.36)
1.61 (1.23-2.10)

1.00 (Reference)
1.04 (0.79-1.37)
1.47 (1.16-1.87)

135/2,716
56/255

135/2,716
17/131
39/124

135/2,716
11/116
45/139

135/2,716
27/170
29/85

135/2,716
31/182
25/73

135/2,716
15/143
41/112

1.00 (Reference)
1.35(0.92-1.10)

1.00 (Reference)
0.96 (0.53-1.74)
1.73 (1.16-2.56)

1.00 (Reference)
0.55 (0.26-1.13)
2.08 (1.34-3.25)

1.00 (Reference)
0.90 (0.53-1.52)
2.26 (1.45-3.54)

1.00 (Reference)
0.99 (0.59-1.64)
2.40 (1.57-3.68)

1.00 (Reference)
0.78 (0.40-1.49)
2.07 (1.35-3.19)

a, . . . . . . . .
Adjusted for age, race, education, marital status, smoking, body mass index, hypertension, hypercholesterolemia, and diabetes.
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bEIevated NT-proBNP and troponin were defined as >90th percentile of each assay: 106.3 pg/mL for NT-proBNP; 12.45 ng/L for hs-troponin T

(Roche); 4.80 ng/L for hs-troponin | (Abbott); 8.67 ng/L for hs-troponin | (Siemens); and 2.00 ng/L for hs-troponin | (Ortho).
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