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Background and aims: Erectile dysfunction (ED) and atherosclerotic cardiovascular disease (ASCVD) share
many common risk factors, and vascular ED is a marker for increased ASCVD risk. Low 25hydroxyvitamin D [25(OH)D] concentrations have been associated with increased ASCVD risk, but less
is known regarding the relationship of low 25(OH)D with ED. We determined whether 25(OH)D deﬁciency is associated with ED independent of ASCVD risk factors.
Methods: We performed cross-sectional analyses of 3390 men aged 20 years free of ASCVD who
participated in NHANES 2001e2004. Serum 25(OH)D was measured by the DiaSorin radioimmunoassay;
deﬁciency was deﬁned as levels <20 ng/ml (<50 nmol/L). Self-reported ED, assessed by a single validated
question, was deﬁned as men who reported being “never” or “sometimes able” to maintain an erection.
We assessed the relationship between 25(OH)D deﬁciency and ED prevalence using adjusted Poisson
regression methods.
Results: After accounting for NHANES sampling, the weighted prevalence of 25(OH)D deﬁciency and of
ED were 30% and 15.2%, respectively. 25(OH)D levels were lower in men with vs. those without ED (mean
22.8 vs 24.3 ng/mL, respectively; p ¼ 0.0005). After adjusting for lifestyle variables, comorbidities, and
medication use, men with 25(OH)D deﬁciency had a higher prevalence of ED compared to those with
levels 30 ng/ml (Prevalence Ratio 1.30, 95% CI 1.08e1.57).
Conclusion: In this cross-sectional analysis of a representative sample of U.S. men, vitamin D deﬁciency
was associated with an increased prevalence of ED independent of ASCVD risk factors. Additional
research is needed to evaluate whether treating vitamin D deﬁciency improves erectile function.
© 2016 Elsevier Ireland Ltd. All rights reserved.
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Massachusetts Male Aging Study.
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Erectile dysfunction (ED) is a highly-prevalent disorder among
adult men [1,2], affecting approximately 1 in 5 adult men in the
United States (U.S.) and up to 80% of men aged 75 years and older
[3]. ED can result from psychogenic and organic (medical) causes,
or a combination of both. Among the organic forms, vascular ED is
the most common, predominantly caused by underlying atherosclerosis and/or endothelial dysfunction [4]. Indeed, ED and
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atherosclerotic cardiovascular disease (ASCVD) share many common risk factors [5,6] and ED has been independently associated
with increased risk for future ASCVD events [7,8]. Thus, ED can be
used as a marker of cardiovascular disease and identify men at
elevated ASCVD risk [9].
Low levels of vitamin D, deﬁned as serum 25-hydroxyvitamin D
[25(OH)D] below 30 ng/ml, affect over two thirds of the US adult
population [10] and an estimated 1 billion individuals worldwide
[11]. Low 25(OH)D levels are also associated with increased risk for
clinical ASCVD events [12e15]. Suboptimal vitamin D status is
thought to inﬂuence ASCVD risk predominantly through established vascular risk factors, namely hypertension, diabetes,
inﬂammation, and endothelial dysfunction [16]. However, whether
treating a low 25(OH)D state with adequate vitamin D supplementation can prevent ASCVD events is still unknown, and clinical
trials testing this question are in progress [17].
It has been postulated that low 25(OH)D may contribute to ED
through several mechanisms such as endothelial dysfunction,
inﬂammation, impaired glucose homeostasis, and atherosclerosis
[18], similar to the mechanisms linking low vitamin D with ASCVD,
but the link between 25(OH)D levels and ED is still uncertain. Little
is also known about potential racial/ethnic differences in the association between 25(OH)D and ED, though there is some evidence
that vitamin D deﬁciency, deﬁned as 25(OH)D concentrations less
than 20 ng/ml, is a stronger risk factor for diabetes [19], heart
failure [20], and ASCVD [13e15] in whites compared to blacks.
Using a nationally representative sample of U.S. men, we sought
to determine whether vitamin D deﬁciency is associated with selfreported ED independent of lifestyle and vascular risk factors, and
whether this association varies by race/ethnicity.
2. Materials and methods
2.1. Study population
The National Health and Nutrition Examination Survey
(NHANES) is a nationally representative survey of the noninstitutionalized U.S. civilian population, obtained by using stratiﬁed multistage clustered probability samples with planned oversampling of certain age and minority groups [21]. NHANES is
conducted by the National Center of Health Statistics (NCHS) of the
Centers for Disease Control and Prevention (CDC). The NHANES
study protocols were approved by the institutional review board of
the NCHS, and written informed consent was obtained from all
participants.
In NHANES, questionnaire data on ED and laboratory data on
25(OH)D were available only in the 2001e2004 cycles [n ¼ 3943
men 20 years of age with both ED and 25(OH)D data]. We
excluded 457 men with self-reported ASCVD, 13 men taking
phosphodiesterase type 5 (PDE5) inhibitors, and 83 men with prior
diagnosis of prostate cancer, resulting in a ﬁnal sample size of 3390
men. A participant ﬂow diagram is outlined in Supplemental Fig. 1.
2.2. Vitamin D status
Serum 25(OH)D was measured by the DiaSorin radioimmunoassay (RIA). We used the RIA-harmonized data that were calibrated
to the NHANES III (1988e1994) DiaSorin RIA assay and corrected
for laboratory drifts during 2003e2006 using a model based on RIA
quality control pool data (data release November 2010) [22].
For the primary analysis, we categorized the serum 25(OH)D
levels into three clinically relevant categories as endorsed by the
Endocrinology Society Clinical Practice Guidelines [23]: deﬁcient
(<20 ng/mL), intermediate (20 to <30 ng/mL), and optimal (30 ng/
mL). As the Institute of Medicine has stated that levels 20 ng/ml

(rather than 30 ng/ml) should be adequate enough for health [24],
we also performed sensitivity analyses dichotomizing study participants into vitamin D deﬁcient and non-deﬁcient using a cutoff of
20 ng/mL. To convert 25(OH)D levels to nmol/L from ng/ml,
multiply by 2.496.
2.3. Erectile dysfunction
Self-reported ED was assessed by a single question from the
Massachusetts Male Aging Study (MMAS) [25]: “How would you
describe your ability to get and keep an erection adequate for
satisfactory intercourse?” Response options were “never able”,
“sometimes able”, “usually able”, and “almost or almost always
able”. For our primary outcome deﬁnition, we deﬁned ED as those
who answered “sometimes able” or “never able.” In a sensitivity
analysis, we re-deﬁned ED more stringently to include only men
who reported “never able” to maintain an erection. Men taking
PDE5 inhibitors were excluded from the analyses (see above).
2.4. Other variables
The NHANES visit included an interview using standardized
questionnaires administered by a trained interviewer and a physical examination at a mobile examination center, which included
blood and urine collection. Self-reported race/ethnicity was categorized into 4 groups (Non-Hispanic White, Non-Hispanic Black,
Mexican American or Hispanic, and Other Race e Including MultiRacial). Smokers were categorized as never, former, and current.
Physical activity (determined by questionnaire) was the frequency
and duration of moderate to vigorous intensity leisure-time physical activities performed for at least 10 min at a time during the past
month. We also created dichotomous (yes/no) variables for the use
of anti-depressants medications and beta-blockers based on selfreported medication use.
Body mass index (BMI) was calculated as weight in kilograms
divided by height in meters squared. Hypertension was deﬁned as a
systolic blood pressure 140 mmHg, a diastolic blood pressure
90 mmHg, the use of medications for high blood pressure, or a
self-reported diagnosis of high blood pressure. Diabetes was
deﬁned as a serum level of glycated hemoglobin (HbA1c) 6.5%, the
use of anti-diabetic medications, or a self-reported diagnosis of
diabetes mellitus. Hypercholesterolemia was deﬁned as a serum
level of total cholesterol 240 mg/dL or the use of lipid lowering
medications. Estimated glomerular ﬁltration rate (eGFR) was
calculated using the CKD-EPI equation [26], and categorized into 3
groups; 90, 60e89, and <60 mL/min/1.73 m2. C-reactive protein
(CRP) was measured per the standard NHANES laboratory protocol
[21].
2.5. Statistical analysis
We accounted for the complex multi-stage stratiﬁed sampling
technique of NHANES by using the svy commands in Stata using the
appropriate 4-years weights provided with the datasets. We presented the demographic and clinical characteristics among the
analytic sample by the presence or absence of ED. Continuous
variables were presented using means and standard errors, and we
compared the two outcome groups using student's t-tests. Categorical variables were presented using proportions, and we
compared the outcome groups using the chi-squared test.
To evaluate the association between vitamin D status and the
prevalence of ED, we used Poisson regression models to estimate
prevalence ratios (PRs) and 95% conﬁdence intervals (CI) of ED
comparing participants with deﬁcient and intermediate vitamin D
levels to those with optimal levels as the reference category, as well

Y.M.K. Farag et al. / Atherosclerosis 252 (2016) 61e67

as per a 10 ng/ml decrease in 25(OH)D concentrations. In a sensitivity model, we repeated the Poisson regression analysis using the
dichotomous vitamin D deﬁciency variable (<20 vs. 20 ng/ml).
We also evaluated non-linear dose-response relationships using
adjusted restricted cubic splines.
Our models were progressively adjusted for different sets of
potential confounders as follows: Model 1 was unadjusted; Model 2
was adjusted for demographic factors, including age and race/
ethnicity; Model 3 was further adjusted for potential confounding
lifestyle factors, including smoking, alcohol consumption, BMI, and
physical activity; Model 4 was further adjusted for hypertension,
diabetes, hypercholesterolemia, eGFR, and CRP (i.e. potential mediators of the association between vitamin D and ED); and Model 5
was further adjusted for medication use that might affect erectile
function including antidepressants and beta-blockers.
Wald tests were used to test for interactions of vitamin D status
categories with race/ethnicity in relation to ED by including crossproduct terms in the models. Based on prior studies showing racial
differences in the association of 25(OH)D with ASCVD risk [14,15],
we decided a priori to present the results overall and stratiﬁed by
race/ethnicity, regardless of the presence of signiﬁcant interactions.
We also checked for interactions by diabetes status, given the
purported role of vitamin D deﬁciency and incident diabetes risk
[19].
We performed three additional sensitivity analyses. First, to
minimize confounding by poor health status, we restricted our
analysis to men who reported a general health status of excellent,
very good or good (n ¼ 2792). Second, to see if testosterone (as a
potential mediator) can explain the association between vitamin D
and risk of ED, we restricted our analysis to those who also had
measured serum levels of sex hormones (testosterone, androstanediol glucuronide, sex hormone binding globulin, and estradiol,
n ¼ 562) and adjusted for sex hormones. Third, we redeﬁned ED
using the more stringent deﬁnition of only those who reported
“never able” to maintain an erection.
Two sided p-values <0.05 were considered statistically signiﬁcant. The data were analyzed using Stata Software (StataCorp. 2011.
Stata Statistical Software: Release 12. College Station, TX: StataCorp
LP).
3. Results
There were 3390 men included in our study population, with
age ranging from 20 to 85 years; 775 men had ED and 1327 had
25(OH)D deﬁciency (<20 ng/ml). After accounting for the NHANES
sampling design, the weighted prevalence of vitamin D deﬁciency
and of ED were 30% and 15.2%, respectively. Table 1 shows the
weighted unadjusted baseline characteristics of the men included
in our analytic sample, stratiﬁed by the prevalence of ED. Serum
25(OH)D levels were signiﬁcantly lower in men with vs. those
without ED (mean 22.8 vs 24.3 ng/mL, p ¼ 0.0005). Men with ED
were more likely to be older, have lower socio-economic status,
report fair/poor self-reported general health status, be former
smokers, and have higher BMI, less physical activity, higher CRP,
and lower eGFR and more likely to have diabetes, hypertension,
hypercholesterolemia, and use prescribed beta-blockers and antidepressant medications than men without ED. We did not see
racial/ethnic differences in the prevalence of ED.
3.1. The association of vitamin D (3 categories) with ED
The unadjusted PRs (95% CI) for ED for comparing participants
with intermediate and deﬁcient vitamin D levels to those with
optimal levels were 1.23 (0.99e1.51) and 1.51 (1.23e1.85), respectively (Table 2, Model 1). A similar pattern was observed after
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multivariable adjustment, and only the deﬁcient category remained
statistically signiﬁcant in all models. In the fully adjusted model
which was adjusted for demographics, lifestyle factors, ASCVD risk
factors, and medication usage (model 5), the PR of ED for comparing
participants with deﬁcient 25(OH)D levels to those with optimal
levels was 1.30 (1.08e1.57).
3.2. The association of vitamin D (2 categories) with ED
When categorizing vitamin D status in two categories
(Supplemental Table 1), the unadjusted PR for ED comparing those
with deﬁcient to those with non-deﬁcient levels was 1.32
(1.11e1.56). This association was slightly attenuated after adjusting
for multiple lifestyle variables, comorbidities, and medication use
[1.19 (1.02e1.39)].
3.3. The association of vitamin D (continuous) with ED
In fully-adjusted restricted cubic spline models, an increased
risk for prevalent ED is seen for deﬁcient levels of 25(OH)D < 20 ng/
ml, with a decreased prevalence of ED associated with 25(OH)D
levels over 35 ng/ml (Fig. 1).
3.4. The association of vitamin D with ED by race/ethnicity and
diabetes status
In race-stratiﬁed analysis, the fully adjusted PRs for ED
comparing vitamin D deﬁcient to optimal participants was qualitatively different in whites [1.36 (1.11e1.67)] compared to blacks
[0.82 (0.38e1.79)], but the interaction by race was not statistically
signiﬁcant (p-interaction 0.2) [Table 3]. By diabetes status, the associations were qualitatively stronger in non-diabetic compared
with diabetic men, but the interaction was also not statistically
signiﬁcant (data not shown).
3.5. The association of vitamin D with ED among only men in good
health
In sensitivity analyses restricted to the 2792 men who reported
a general health status of excellent, very good or good, the unadjusted PRs for ED comparing those with deﬁcient to those with
optimal vitamin D status was 1.38 (1.07e1.77), and associations
remained similar and statistically signiﬁcant in all other progressively adjusted models (Supplemental Table 2).
3.6. The association of vitamin D with ED adjusted for sex hormone
levels
When we restricted our analysis to the 562 men with serum
levels of sex hormones and adjusted for sex hormone levels, the
association of vitamin D status with ED was even stronger
(Supplemental Table 3), although given the smaller sample size, the
95% CI was much wider and not statistically signiﬁcant.
3.7. The association of vitamin D with ED among only men with
severe ED
Finally, using the more stringent deﬁnition of ED for those only
“never able” to maintain an adequate erection, the adjusted PRs for
the ED became stronger in all models [fully adjusted PR 1.80
(1.20e2.71), Table 4].
4. Discussion
In this large representative sample of U.S. men free of self-
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Table 1
Baseline demographic and clinical characteristics of study population, NHANES 2001e2004a.

Age (years)
25(OH)D ng/ml
Vitamin D categories, n (%)
>¼30 ng/mlb (n ¼ 607)
20e30 ng/mlb (n ¼ 1456)
<20 ng/mlb (n ¼ 1327)
Prevalence of 25(OH)D deﬁciency <20 ng/mlb (%)
Race/Ethnicity
Non-Hispanic White (%)
Non-Hispanic Black (%)
Mexican American or Other Hispanic (%)
Other Race e Including Multi-Racial (%)
Education
High School or less (%)
Annual Household Income
Less than $20,000 (%)
Self-reported General Health Status
Excellent, Very Good, Good
Fair, Poor
BMI (kg/m2)
Physical activity (%)c
Smoking
Current (%)
Former (%)
Never (%)
Alcohol use
CRP (mg/L)
eGFR (ml/min per 1.73 m2)
eGFR Categories
<60 ml/min per 1.73 m2
60e90 ml/min per 1.73 m2
90 ml/min per 1.73 m2
Diabetes (%)
Hypertension (%)
Hypercholesterolemia (%)
Use of beta-blockers (%)
Use of anti-depressants (%)

ED

No ED

(N ¼ 775)

(N ¼ 2615)

58.41 ± 0.57
22.83 ± 0.52

40.51 ± 0.3
24.26 ± 0.39

124 (19.2)
325 (44.8)
326 (36.03)
36.03

483 (25)
1131 (46.2)
1001 (28.9)
28.9

73
8.8
14.6
3.6

73.4
9.6
12.7
4.4

51.5

41.5

19.1

11.8

74.2
25.8
29.0 ± 0.33
55.7

89.9
10.1
27.83 ± 0.13
71.9

25.6
43.3
32.1
80.4
0.44 ± 0.03
84.5 ± 0.81

25.5
24.9
46.7
84.4
0.3 ± 0.01
97 ± 0.58

12.6
47.9
39.5
22
52.3
45.2
13.1
11.7

1.8
33.6
64.6
5.5
27.3
32
3.4
5.6

National Health and Nutrition Examination Survey ¼ NHANES; Erectile Dysfunction ¼ ED; 25-hydroxyvitamin D ¼ 25(OH)D; Body Mass
Index ¼ BMI; C-Reactive Protein ¼ CRP; Estimated Glomerular Filtration Rate ¼ eGFR.
a
All variables were statistically signiﬁcantly different between men with ED vs. men without ED (p < 0.05) except for race/ethnicity
(p ¼ 0.4).
b
To convert 25(OH)D levels to nmol/L from ng/ml, multiply by 2.496.
c
Physical activity (%) was deﬁned as those who reported moderate or vigorous activity in the past 30 days.

reported clinical ASCVD, the prevalence of ED was higher in participants with 25(OH)D deﬁciency compared to those with optimal
levels. The relationship between serum 25(OH)D and ED was
approximately linear and was evident even after adjusting for potential confounders and ASCVD risk factors. Using a more stringent
deﬁnition for severe ED (i.e. “never able”), associations were even

stronger.
Only two prior studies, both of them small in size, have explored
the relationship between vitamin D and ED. One study used penile
echo-color-Doppler and classiﬁed 143 patients with ED as arteriogenic, borderline, non-arteriogenic ED [27]. Vitamin D levels in
arteriogenic ED patients were signiﬁcantly lower than in non-

Table 2
Prevalence Ratios (95% CI) of Prevalent ED by Three Vitamin D Categories (bold, denotes statistical signiﬁcance), NHANES 2001e2004.

Model
Model
Model
Model
Model

b

1
2c
3d
4e
5f

N

30 ng/mLa

20-30 ng/mLa

<20 ng/mLa

Per 10 ng/mLa decrease in vitamin D

3390
3390
3324
3310
3310

1
1
1
1
1

1.23
1.14
1.11
1.10
1.13

1.51
1.45
1.32
1.27
1.30

1.20
1.17
1.12
1.11
1.12

(Ref)
(Ref)
(Ref)
(Ref)
(Ref)

(0.99e1.51)
(0.96e1.35)
(0.93e1.31)
(0.93e1.30)
(0.95e1.35)

(1.23e1.85)
(1.21e1.75)
(1.09e1.58)
(1.06e1.53)
(1.08e1.57)

(1.09e1.33)
(1.07e1.29)
(1.02e1.23)
(1.01e1.21)
(1.02e1.23)

National Health and Nutrition Examination Survey ¼ NHANES; Erectile Dysfunction ¼ ED; 25-hydroxyvitamin D ¼ 25(OH)D; Body Mass Index ¼ BMI; C-Reactive
Protein ¼ CRP; Estimated Glomerular Filtration Rate ¼ eGFR.
a
To convert 25(OH)D levels to nmol/L from ng/ml, multiply by 2.496.
b
Model 1 is unadjusted.
c
Model 2 is adjusted for age and race/ethnicity.
d
Model 3 is adjusted for Model 2 covariates and for smoking, alcohol consumption, BMI and physical activity.
e
Model 4 is adjusted for Model 3 covariates and for hypertension, diabetes, hypercholesterolemia, eGFR and CRP.
f
Model 5 is adjusted for Model 4 covariates and for the use of antidepressants and beta-blockers.
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Fig. 1. Restricted cubic spline of 25(OH)D and adjusted* prevalence ratio of ED,
NHANES 2001e2004. * Curves represent adjusted prevalence ratio (solid line) and the
95% conﬁdence intervals (dashed lines) based on restricted cubic splines for 25(OH)D
level with knots at 10, 20, 30, 40 ng/ml. The reference values were set at 20 ng/ml.
Model is adjusted for age, race, smoking, alcohol consumption, BMI, physical activity,
hypertension, diabetes, hypercholesterolemia, eGFR, CRP, and the use of antidepressants and beta-blockers.

arteriogenic ED patients. The prevalence of 25(OH)D deﬁciency
(<20 ng/ml) in men with atherogenic and with non-atherogenic ED
were 61 and 42%, respectively [27]. Additionally, patients with
25(OH)D deﬁciency had lower scores on the International Index of
Erectile Function (IIEF) and lower peak systolic velocity (PSV) in
penile
echo-color-Doppler
measurements,
indicating
an
arteriogenic-ED. Another study of 92 men with type 2 diabetes
found a signiﬁcant association of vitamin D with ED [28].
In a recent state-of-the-art review article, Sorenson and Grant
hypothesized that vitamin D deﬁciency could be a key contributor
to ED [18] and advocated that this hypothesis should be further
tested through further observational and intervention studies. Our
study provides observational evidence to support this hypothesis
by demonstrating in a representative sample of the general population that 25(OH)D deﬁciency was associated with ED independent of potential confounders.
Several mechanisms could explain a biological relationship between vitamin D deﬁciency and ED. Vascular ED stems from
endothelial dysfunction and/or atherosclerosis. Diabetes mellitus is
a strong risk factor for both atherosclerosis and endothelial
dysfunction [29], and diabetic men are 3 times more likely to have
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ED than non-diabetic men [1]. The association of 25(OH)D with ED
and with ASCVD may be mediated by impaired glucose metabolism. Low vitamin D levels may impair b cell function (insulin
secretion), and induce insulin resistance, glucose intolerance
[30,31] and incident type 2 diabetes [19,32]. We did not ﬁnd a
statistically signiﬁcant interaction by diabetes status, but the association was qualitatively stronger among non-diabetics
compared to diabetics, suggesting that once diabetes is already
present, the association of 25(OH)D with ED is weakened.
Men with ED have an increased prevalence of endothelial
dysfunction [33], and vitamin D may improve endothelial function
[34]. One mechanism linking low vitamin D levels with ED may be
via reduced synthesis of nitric oxide. Secretion of nitric oxide is
needed for relaxation of the smooth muscles of the corpora cavernosa and subsequent penile erection, and vitamin D may be a
regulator of endothelial nitric oxide synthase [35]. Vitamin D may
also directly protect endothelial cells from oxidative stress [36].
Deﬁcient 25(OH)D levels may also contribute to ED through
inﬂammation. Men with ED have increased levels of several proinﬂammatory cytokines including CRP [37] (which we also found
in the present study), tumor necrosis factor a (TNF-a) [38], and
endothelial cell adhesion molecules [39]. Current evidence suggests
that adequate circulating levels of 25(OH)D may be crucial for
optimal anti-inﬂammatory response of immune cells [40], and
vitamin D supplementation has anti-inﬂammatory effects [40,41].
Arterial calciﬁcation is a marker of an increased risk for ED [42],
and also has an inverse association with serum vitamin D concentrations [43,44]. Subclinical atherosclerosis, as assessed by coronary
artery calciﬁcation, may thus represent an intermediate phenotype
between deﬁcient 25(OH)D levels and clinical ASCVD events and
deﬁcient 25(OH)D with ED phenotype. However, subclinical
atherosclerosis markers were not available in the NHANES cohort.
One of our key questions was whether there was heterogeneity
of the association of 25(OH)D deﬁciency with ED by race/ethnicity.
The prevalence of ED may vary by race/ethnicity [45], although this
may be due in part to social/cultural differences in the reporting of
ED. In our study, the prevalence of ED was generally similar among
the race/ethnic groups, ranging from 13 to 17%. It is well established
that U.S black adults have lower average levels of 25(OH)D
compared to whites [46] as their increased skin pigmentation
blocks UVB-driven synthesis of vitamin D. We found that the association of 25(OH)D deﬁciency with ED was qualitatively stronger
in whites than blacks, but the interaction by race/ethnicity was not
statistically signiﬁcant in our study, possibly because of limited
power to evaluate interactions. Indeed, several studies have found a
similar pattern of interaction by race/ethnicity with other types of
ASCVD including heart failure [20], coronary heart disease [13,15],
stroke [14], and diabetes [19]. Racial differences in bioavailable
vitamin D may underlie these associations [47].
ED has been associated with low testosterone levels [48].

Table 3
Adjusteda Prevalence Ratios (95% CI) of Prevalent ED by Vitamin D and Race/Ethnic Categories in (bold, denotes statistical signiﬁcance), NHANES 2001e2004 [n ¼ 3310 men].

Non-Hispanic Whited
Non-Hispanic Blackd
Mexican American or Hispanicd
Other Race e Including Multi-Raciald

N

30 ng/mLb

20-30 ng/mLb

<20 ng/mLb

pc

1740
619
845
106

1
1
1
1

1.06 (0.85e1.33)
0.72 (0.36e1.44)
1.79 (1.14e2.80)
1.65 (0.21e12.79)

1.36 (1.11e1.67)
0.82 (0.38e1.79)
1.47 (0.92e2.34)
1.33 (0.20e9.04)

0.2

(Ref)
(Ref)
(Ref)
(Ref)

National Health and Nutrition Examination Survey ¼ NHANES; Erectile Dysfunction ¼ ED; 25-hydroxyvitamin D ¼ 25(OH)D; Body Mass Index ¼ BMI; C-Reactive
Protein ¼ CRP; Estimated Glomerular Filtration Rate ¼ eGFR.
a
Model is adjusted for age, smoking, alcohol consumption, BMI, physical activity, hypertension, diabetes, hypercholesterolemia, eGFR, CRP, and the use of antidepressants
and beta-blockers.
b
To convert 25(OH)D levels to nmol/L from ng/ml, multiply by 2.496.
c
p for interaction.
d
The prevalence of ED by race/ethnicity is as follows: 15.1% in Non-Hispanic Whites, 15.1% in Non-Hispanic Blacks, 17.1% in Mexicans/Hispanics, and 12.8% in other races.
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Table 4
Prevalence Ratios (95% CI) of Prevalent Severe ED by Vitamin D Categories (ED redeﬁned as only “never able” vs else) (bold, denotes statistical signiﬁcance),
NHANES 2001e2004 [n ¼ 3390 men].

Model
Model
Model
Model
Model

b

1
2c
3d
4e
5f

N

30 ng/mLa

20-30 ng/mLa

<20 ng/mLa

3390
3390
3324
3310
3310

1
1
1
1
1

1.49
1.34
1.31
1.28
1.34

2.11
2.03
1.79
1.75
1.80

(Ref)
(Ref)
(Ref)
(Ref)
(Ref)

(0.98e2.26)
(0.92e1.96)
(0.89e1.93)
(0.87e1.90)
(0.89e2.00)

(1.42e3.14)
(1.39e2.98)
(1.18e2.70)
(1.15e2.66)
(1.20e2.71)

National Health and Nutrition Examination Survey ¼ NHANES; Erectile
Dysfunction ¼ ED; 25-hydroxyvitamin D ¼ 25(OH)D; Body Mass Index ¼ BMI; CReactive Protein ¼ CRP; Estimated Glomerular Filtration Rate ¼ eGFR.
a
To convert 25(OH)D levels to nmol/L from ng/ml, multiply by 2.496.
b
Model 1 is unadjusted.
c
Model 2 is adjusted for age and race/ethnicity.
d
Model 3 is adjusted for Model 2 covariates and for smoking, alcohol consumption, BMI and physical activity.
e
Model 4 is adjusted for Model 3 covariates and for hypertension, diabetes, hypercholesterolemia, eGFR and CRP.
f
Model 5 is adjusted for Model 4 covariates and for the use of antidepressants
and beta-blockers.

However, our ﬁndings suggest that the link of 25(OH)D with ED
appears to be independent of sex hormones. Although vitamin D is
positively correlated with testosterone in men [49], our results
were qualitatively stronger after adjustment for testosterone (PR
1.71 vs 1.30) and not weaker as would be anticipated by a mediator
of the association. However, the results were no longer statistically
signiﬁcant in the sex hormone analysis given small sample size.
Our ﬁndings have potentially important clinical and public
health implications for men. 25(OH)D is an easy biomarker to
screen for through simple commercially-available laboratory tests,
and deﬁciencies can be treated with supplementation and/or
modest sunlight exposure. Thus, if a causal relationship is
conﬁrmed in other studies (such as in randomized placebocontrolled interventional trials), treatment of vitamin D deﬁciency has the potential to improve erectile function through
improvement of endothelial function, decreased atherosclerosis
risk, and anti-inﬂammatory properties.
However, it is important to address some of the limitations in
our ﬁndings. NHANES is a cross-sectional study; thus both reverse
causation and residual confounding are of potential concern. To
minimize reverse causation, we excluded men with known clinical
vascular disease. While we adjusted for numerous potential confounding and mediating factors, residual confounding may still
underlie the associations seen. Low 25(OH)D concentrations may
simply be a potent marker of a poorer health state, although our
ﬁndings were robust even in sensitivity analyses restricted to men
reporting only good or excellent health. In addition, ED ascertainment in our study was self-reported and based on a single MMAS
question. However this question has been shown to be a valid tool
for ED assessment when compared to a clinical diagnosis by a
trained urologist [50] or to a more detailed questionnaire inventory
[25], and we anticipate relatively little misclassiﬁcation of ED status. Unfortunately, we are unable to determine the etiology of ED
(psychogenic versus organic, and arteriogenic versus nonarteriogenic) to conﬁrm our hypothesis that the association of
25(OH)D with ED is through a vascular mechanism. Finally,
although 25(OH)D is widely accepted as the best biomarker for the
assessment of total body vitamin D stores [23], 1,25(OH)2D (calcitriol) is the activated form of vitamin D that binds to the vitamin D
receptor and confers its biological effects; however we did not have
measurement of 1,25(OH)2D in this study population.
Despite these limitations, our study has several strengths.
NHANES 2001e2004 is a representative sample of the U.S.

population that rigorously follows very well designed study protocols with extensive quality assurance and quality control. In
addition, our ﬁndings were robust to a series of sensitivity analyses
which conﬁrmed our primary analysis.
In conclusion, this cross-sectional analysis of a representative
sample of U.S. men showed that vitamin D deﬁciency was associated with an increased prevalence of ED independent of lifestyle
factors, ASCVD risk factors, and sex hormones, through a doseresponse relationship. Additional research is needed to evaluate if
treating vitamin D deﬁciency, a potentially modiﬁable risk factor,
could improve erectile function.
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