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Abstract
Introduction—Although previous studies report an association between erectile dysfunction (ED)
and smoking, few have examined the impact of passive smoke exposure on ED. This analysis
examines the association of active and passive smoking and ED and investigates a dose-response
effect of smoking.

Methods—The Boston Area Community Heath (BACH) survey is a study of urologic symptoms
in a racially and ethnically diverse population. BACH used a multistage stratified random sample to
recruit 2301 men, aged 30–79 yr, from the city of Boston. ED was assessed using the five-item
International Index of Erectile Function. Smoking and passive smoking were assessed by self-report.
Analyses adjusted for sociodemographic and lifestyle factors and important chronic illnesses.

Results—An association between smoking and ED was observed with a significant trend in
increased risk of ED with cumulative pack-years of smoking (adjusted odds ratio [OR] = 1.68; 95%
confidence interval [CI], 1.03, 2.30 for ≥ 20 pack-years). Compared to never smokers not exposed
to passive smoking, men who never smoked but were exposed to passive smoking had a moderate,
statistically nonsignificant, increase in risk of ED (adjusted OR = 1.33; 95%CI: 0.69, 2.55)
comparable to the OR observed for a cumulative exposure of 10–19 pack-years of active smoking
(adjusted OR = 1.25; 95%CI, 0.68, 2.30).

Conclusions—Results indicate a dose-response association between smoking and ED with a
statistically significant effect observed with ≥ 20 pack-years of exposure. Passive smoking is
associated with a small, statistically nonsignificant increase in risk of ED comparable to
approximately 10–19 pack-years of active smoking.
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1. Introduction
Erectile dysfunction (ED) is a common problem among aging men [1–4]. A number of
modifiable risk factors are associated with ED, including obesity, hypertension, unfavorable
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lipid levels, alcohol abuse, physical activity, and cigarette smoking [5–8]. The association
between ED and current smoking has been reported in previous cross-sectional studies [9–
14]. Additionally, longitudinal data from the Massachusetts Male Aging Study (MMAS) and
the Health Professionals Followup Study (HPFS) have reported increased incidence of ED
among smokers [7,15]. Experimental studies in animal models have linked exposure to passive
smoking to endothelial function in animal models [16], and passive smoking was associated
with coronary artery disease among individuals who had never smoked but lived with a former
or current smoker [17]. Longitudinal data from the MMAS have shown a higher incidence of
ED among both active smokers and those exposed to passive smoking; however, a dose-
response relationship of active smoking and ED was not investigated [7].

The objectives of this analysis were to: (1) to confirm the association between smoking and
ED assessed using the 5-item International Index of Erectile Dysfunction (IIEF-5) scale, an
internationally validated self-administered questionnaire; (2) to determine whether a dose-
response effect was present between smoking and ED by quantifying smoking using pack-
years of smoking exposure; and (3) to investigate the association between passive smoking
and ED.

2. Methods
The Boston Area Community Health (BACH) survey is a community-based epidemiologic
survey of a broad range of urologic symptoms and risk factors conducted from 2002 to 2005.
Detailed methods are given in a paper in this issue [18]. In brief, BACH used a multistage
stratified random sample to recruit 5506 adults aged 30–79 yr in three racial/ethnic groups
from the city of Boston (2301 men, 3205 women, 1770 black [African American], 1877
Hispanic, 1859 white respondents). Information about urologic symptoms, comorbidities,
lifestyle, anthropometrics, and psychosocial attributes were collected via an interviewer-
administered questionnaire; respondents used a self-administered questionnaire to answer
questions about sexual function. All protocols and informed consent procedures were approved
by New England Research Institute’s Institutional Review Board.

2.1. ED
ED was defined using the IIEF-5, a self-administered and validated instrument [19]. The five
items assess erection confidence, erection firmness, maintenance ability, maintenance
frequency, and satisfaction. Each item is scored on a 5-point ordinal scale where lower values
represent poorer sexual function. The IIEF-5 score ranges between 5 and 25 with lower scores
indicating increased severity of ED. Severity of ED is classified into five categories as severe
(IIEF score 5–7), moderate (8–11), mild to moderate (12–16), mild (17–21), and no ED (22–
25). Additionally, ED was defined as a dichotomous variable using a cut-off point of IIEF-5
< 17 (mild to moderate, moderate, and severe). This approach is similar to the definition of ED
used in the MMAS study where ED was assessed using a single question and presence of ED
was defined as moderate or severe ED [2].

2.2 Smoking
Smoking and passive smoking were assessed by self-report. The baseline questionnaire
assessed whether men had smoked at least 100 cigarettes in their lifetime and if they were
currently smoking. Smoking status was defined as never smokers (smoked < 100 cigarettes
lifetime and not currently smoking), former smokers (smoked > 100 cigarettes lifetime and
currently nonsmoker), and current smoker (smoked > 100 cigarettes and currently a smoker).
Retrospective self-report of smoking behavior has been shown to be reliable with prevalence
rates derived from retrospective data matching closely those from contemporaneous rates
[20]. Both former and current smokers were asked to report the usual number of cigarettes
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smoked per day and for how many years they had smoked that amount. Pack-years of smoking
were calculated by multiplying the number of packs (20 cigarettes in one pack) smoked per
day by the number of years smoked. Pack-years were categorized as < 10, 10–19, and ≥ 20
pack-years. Categorizing retrospectively calculated pack-years has been shown to reduce
misclassification bias [21]. Exposure to passive smoking either at home or at work was assessed
by self-report. Passive smoking was defined as living with someone who smokes at home
regularly or working or spending time on a daily basis with people who are smoking. To
separate the effect of active smoking and passive smoking and assess a dose-response pattern,
the smoking status, pack-years of smoking, and exposure to passive smoking variable were
combined into a five-category variable defined as: never smokers not exposed to passive
smoking; never smokers exposed to passive smoking; former or current smokers with < 10,
10–19, and ≥ 20 or more pack-years.

2.3. Covariates
The following covariates were considered as categorical variables: age, 30–39, 40–49, 50–59,
60–69, and 70–79 yr; racial/ethnic group (black [African American], Hispanic, white); body
mass index (BMI): < 25, 25–30, ≥ 30+ kg/m2; physical activity as measured by the Physical
Activity Scale for the Elderly (PASE) [22]: < 100,100–249, 250+ with increasing values
indicating increasing activity; alcohol use: alcoholic drinks including beer, wine, and hard
liquor consumed per day: 0, < 1, 1–3, > 3 drinks/d; self-reports of major comorbidities including
cardiovascular disease (CVD; coronary artery bypass or angioplasty, myocardial infarction,
angina pectoris, congestive heart failure, carotid artery surgery, intermittent claudication,
surgery, or angioplasty for arterial disease of the leg, aortic aneurysm, Raynaud’s disease,
peripheral vascular disease, stroke, or transient ischemic attack), hypertension, and diabetes.
Depressive symptoms were assessed using the Center for Epidemiological Survey Depression
Scale (CES-D; at least 5 of 8 symptoms on the abbreviated CES-D scale) [23].

2.4. Statistical analyses
Descriptive statistics, proportions for categorical variables, and means and standard errors
(SEs) for continuous variables were used to describe the analysis sample. Using the IIEF-5
score as a continuous variable, linear regression was used to assess the association between
ED and both smoking and exposure to passive smoking. Multiple linear regression models
were used to adjust for potential confounding effect of covariates. Adjusted mean IIEF-5 scores
and regression coefficients are reported. Analyses were repeated with ED defined as a
dichotomous variable using a cut-off point of IIEF-5 < 17 (mild to moderate, moderate, and
severe). Association of dichotomous ED and smoking was assessed using the odds ratio (OR)
and 95% confidence interval (95%CI) estimated using logistic regression. Multiple logistic
regression models were used to adjust for potential confounders. Because the association of
smoking and ED was similar by race/ethnicity, results are presented for the whole sample and
not stratified by race/ethnicity.

Multiple imputation was used to impute plausible values for missing data [24]. To be
representative of the city of Boston, observations were weighted inversely proportional to their
probability of selection [25]. Weights were post-stratified to the Boston population according
to the 2000 census. Analyses were conducted in version 9.1 of SAS (SAS Institute, Cary, NC,
USA) and version 9.0.1 of SUDAAN (Research Triangle Institute, Research Triangle Park,
NC, USA).

3. Results
Characteristics of the 2301 men (835 white, 700 black [African American], and 766 Hispanic)
in the BACH sample are presented in Table 1. The age range was 30–79 yr, with a mean of
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47.6 yr. About 41% of men were overweight (BMI 25–30) and 33% were obese (BMI ≥ 30).
CVD and hypertension were reported by 21% and 26%, respectively, with over half of the men
who reported CVD also reporting hypertension. Prevalence of diabetes was 9.3%; depressive
symptoms were reported by 14%. Prevalence of ED increased with age (Fig. 1). About 45%
of participants were categorized as never smokers, 28.7% were former smokers, and 26.2%
were current smokers. A total of 832 participants (33%) reported exposure to passive smoking,
including 44% who were current smokers and 23.6% who were former smokers. Of the 832
men who reported exposure to passive smoking, only 205 (26.8%) men had no history of either
current or past active and, therefore, could be classified as exposed to passive smoking alone.

Figure 2 presents the age-adjusted mean score among never, former, and current smokers by
passive smoking. Although age-adjusted mean IIEF-5 scores are consistently lower among
those exposed to passive smoking, the differences are small and statistically nonsignificant.
Similarly, the effect of passive smoking is not significant within pack-year categories (data not
shown). Because information on time since smoking cessation was not collected, the effect of
quitting smoking could not be directly assessed. Although mean IIEF-5 scores decrease with
increasing pack-years (Table 2), only small nonsignificant differences are observed between
former and current smokers with similar cumulative pack-years exposure to smoking (data not
shown).

Table 2 presents the unadjusted, age-adjusted, and multivariate adjusted association between
ED (assessed using the continuous IIEF-5 score) and smoking (using the five-category variable
combining smoking status, pack-years, and passive smoking information). Results show a
dose-response effect of increased severity of ED with increased pack-years smoking, with the
strongest effect seen among those with ≥ 20 pack-years of exposure to smoking. This effect
remained significant (95%CI for regression coefficient excludes 0) after adjusting for age,
lifestyle factors, and comorbidities. A test for trend for decreasing IIEF-5 scores across pack-
years of smoking remained significant after adjusting for potential confounders (p value for
trend = 0.013). A small, nonsignificant, effect of passive smoking was observed among never
smokers. Although statistically nonsignificant, the magnitude of the effect of passive smoking
(multivariate adjusted regression coefficient = −0.29; 95%CI, −1.53, 0.95) was comparable to
that observed for 10–19 pack-years of smoking (multivariate adjusted regression coefficient =
−0.42, 95%CI, −1.54, 0.59). Similar results were observed when analyses were repeated and
ED was defined as a dichotomous variable using IIEF-5 < 17 as a cutoff. A dose-response
effect was observed with increasing ORs with increasing pack-years (p value for trend = 0.032)
and an OR of 1.68 (95%CI, 1.03, 2.76) for men with ≥ 20 pack-years of smoking exposure.
The magnitude of the association for passive smoking among never smokers (OR = 1.33, 95%
CI, 0.69, 2.55) was comparable to that of 10–19 pack-years (OR = 1.28, 95%CI, 0.71-2.32).

4. Discussion
Results from the BACH survey, a population-based random sample of 2301 men, reveal an
association between smoking and ED. A dose-response effect was observed with increasing
pack-years of smoking, with exposure to ≥ 20 pack-years being associated with ED after
adjusting for major ED risk factors such as older age, CVD, and diabetes. The association
between passive smoking and ED is not statistically significant; however, the magnitude of the
effect of passive smoking is comparable to 10–19 pack-years of smoking exposure.

The observed association between smoking and ED and dose-response with increased
cumulative exposure is consistent with reports from previous studies across different countries.
Increased risk of ED among current smokers who smoke ≥ 20 cigarettes per day compared to
never smokers was reported by studies conducted in Australia [11] (adjusted OR = 1.39; 95%
CI, 1.05, 183), China [12] (adjusted OR = 1.47; 95%CI, 1.00, 2.16), Canada [13] (adjusted OR
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for 25–50 pack-years was 2.11, 95%CI, 1.02, 4.36), Italy (adjusted OR for 10–20 yr of smoking
was 1.6, 95%CI, 1.2, 2.0, with a similar OR for ≥ 20 years of smoking), [14] and a cross-
national survey of Brazil, Italy, Japan, and Malaysia [10] (adjusted OR for ≥ 30 cigarettes/d
was 2.3, 95%CI, 1.19, 4.49). Findings from the BACH study show a similar effect of
cumulative pack-years among both former and current smokers with an adjusted OR of 1.70
(95%CI, 1.04, 2.77) for ≥ 20 pack-years of smoking. Compared to never smokers, a significant
trend of increasing ED risk was observed across pack-years of smoking (Table 2). Similar
finding were reported by a study using data from the Olmsted County Study (OCS), with a
statistically significant multivariate-adjusted OR of 1.60 (95%CI, 1.04, 2.46) for men with ≥
29 pack-years of smoking, and a dose-response pattern with increasing pack-years [9].
Longitudinal data from the MMAS show that the incidence of ED is twice as high among
smokers compared to nonsmokers over a 9-yr period [7]. Similarly, data from the HPFS show
an increased risk of ED, over a follow-up period of 14 yr, for both former smokers (relative
risk = 1.2; 95%CI, 1.1, 1.3) and current smokers (relative risk = 1.5; 95%CI, 1.3-1.7).

Few studies have reported on the effect of passive smoking on ED. Results from the present
study indicate a moderate, statistically nonsignificant, increase in risk of ED with exposure to
passive smoking. This effect was comparable to a cumulative exposure of 10–19 pack-years
(Table 2). Longitudinal results from the MMAS study show that men exposed to passive
smoking were at twice the risk of developing ED over a 9-yr follow-up period [7]. Although
the effect of current smoking was adjusted for in the analysis of MMAS data, former smokers
were not excluded from the passive smoking group, thus potentially overestimating the effect
of passive smoking. These results suggest that although the increased risk in ED with passive
smoking is small, long-term chronic exposure to passive smoking may have adverse effects on
erectile function.

Although the association between smoking, ED, and CVD has been previously documented
[7,26,27], indicating vascular damage as the likely pathway between smoking and ED, the role
of passive smoking in the etiology of ED is not known. Animal models suggest that long-term
exposure to passive smoke leads to impaired endothelial function, possibly due to reduced
penile oxide synthase activity [16,28]. However, small studies of short-term exposure to
passive smoke among healthy nonsmokers have not confirmed a direct effect of passive
smoking on endothelial function [29,30], suggesting that assessment of chronic exposure to
passive smoke is warranted.

This study has many strengths; however, there are some important limitations. The BACH
survey is a community-based random sample across a broad age range (30–79 yr) and includes
large numbers of minority participants representative of both the black (African American)
and Hispanic populations. ED is assessed using the IIEF-5, a validated instrument for ED
assessment widely used in both clinical and epidemiologic studies. A limitation of the use of
the IIEF-5 instrument is recall bias among men who had not engaged in sexual activities in the
4 wk preceding completion of the questionnaire (about 40% of men), potentially resulting in
greater misclassification in this group. Results of analyses restricted to sexually active men
showed a similar pattern but were statistically nonsignificant, largely due to the decreased
sample size. The BACH study is presently a cross-sectional design; thus, incidence of ED
related to smoking could not be assessed. Additionally, because data on duration since smoking
cessation were not collected, the impact of quitting cigarette smoking on erectile function could
not be assessed. Full information on smoking cessation will be collected in BACH follow-up
studies. Self-reported smoking status and retrospective pack-year calculation may also result
in reporting and misclassification bias. Previous studies of the validity of self-reported smoking
have shown that prevalence rates of self-reported smoking match well with those of from
contemporaneous smoking behavior [20]. Although retrospective pack-year calculation may
result in misclassification, categorizing pack-years into smoking groups reduces this bias
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[21]. The BACH study was limited geographically to the Boston area. However, comparison
of sociodemographic and health-related variables from the BACH survey with other large
regional (Boston BRFSS) and national (National Health and Nutrition Examination Survey,
National Health Interview Survey, national BRFSS) studies have shown that BACH estimates
are comparable on health-related variables.

5. Conclusion
In summary, data from the BACH study show an association between smoking and ED and
supports a dose-response relationship between cumulative pack-years of smoking and risk of
ED. These results confirm previous reports from the literature supporting the association
between smoking and ED. The observed dose-response pattern between duration and intensity
of smoking and increased risk of ED in conjunction with previous published research indicating
beneficial effects of smoking cessation,[13,31] especially at a younger age [32], highlights the
importance of abstaining from or quitting smoking. Finally, a moderate, statistically
nonsignificant effect of passive smoking was also observed suggesting possible effects of long-
term chronic exposure on erectile function.
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Fig. 1. Prevalence of erectile dysfunction by age
Weighted percentages.
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Fig. 2. Minimal impact of passive smoking on erectile function by active smoking status
Age-adjusted mean five-item International Index of Erectile Function score and 95%
confidence intervals.
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Table 1
Characteristics of the analysis sample

Unweighted Weighted

n % %

ED (IIEF-5) None 991 43.1 53.5
Mild 698 30.3 25.8
Mild/moderate 351 15.3 11.5
Moderate 164 7.1 5.9
Severe 98 4.3 3.3

Smoking Never 963 41.9 45.1
Former 662 28.8 28.7
Current 675 29.3 26.2

Pack-years None 963 41.9 45.1
< 10 626 27.2 26.4
10–19 261 11.3 11.9
20+ 451 19.6 16.6

Passive smoking No 1469 63.8 66.6
Yes 832 36.2 33.4

Age, yr 30–39 615 26.7 37.2
40–49 659 28.6 25.8
50–59 510 22.2 17.8
60–79 517 14.3 11.3
70–79 329 8.2 7.8

Race/ethnicity White 835 36.3 61.9
Black 700 30.4 25.1
Hispanic 766 33.3 13.0

BMI, kg/m2 < 25 596 25.9 26.6
25–29 904 39.3 40.7
30+ 801 34.8 32.7

Physical activity, PASE < 100 695 30.2 26.8
100–250 1069 46.5 47.4
> 250 538 23.4 25.8

Alcohol use, drinks/d None 800 34.8 27.5
< 1/d 815 35.4 38.9
1–3/d 434 18.9 24.0
4+/d 252 11.0 9.6

CVD 469 20.4 20.6
Hypertension 735 31.9 26.2
Diabetes 297 12.9 9.3
Depression 391 17.0 14.0

BMI = body mass index; PASE = Physical Activity Scale for the Elderly; CVD = cardiovascular disease.
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