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Abstract

Introduction—Severe obstructive sleep apnea has been associated with sexual dysfunction;
however, it is unclear whether milder forms of sleep disturbances might also be associated with sexual
problems.

Aim—To evaluate the association between snoring and five measures of sexual dysfunction in a
population-based sample of men.

Methods—A stratified random sample of men residing in Olmsted County, Minnesota completed
a questionnaire containing questions from the Brief Male Sexual Function Inventory (BMSFI) and
a sleep questionnaire.

Main Outcome Measures—Levels of sexual drive (libido), erectile function, ejaculatory
function, sexual problem assessment, and sexual satisfaction, as assessed by the BMSFI.

Results—Of 827 men with a regular sexual partner, subjects were divided into categories of heavy
(n=95), moderate (n = 573) and none/mild (n = 159) snoring. Their median age was 64 years (range
51-90). The sexual satisfaction domain score was significantly lower in the heavy snoring group (p-
value = 0.01). The odds of low sexual satisfaction was 2.3 (95% CI 1.2, 4.1) among the heavy snorers
compared to the none/mild snoring group. This association remained statistically significant after
adjustment for smoking, medical comorbidities, and mental health status. However, there was no
significant difference in ejaculatory function, erectile function, sexual drive and sexual problem
assessment across snoring categories.

Conclusions—These data provide evidence of an association between snoring severity and
reduced sexual satisfaction in a population of elderly community males. Snoring was not associated
with biologic measures of sexual dysfunction.

Corresponding author: Dr. Jennifer St. Sauver, Mayo Clinic Division of Epidemiology, 200 First Street SW, Rochester, MN, 55905 (e-
mail: stsauver.jennifer@mayo.edu).
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Introduction

Methods

Sexual dysfunction is a common health problem in middle-aged and elderly males. The
prevalence of dysfunction increases steadily with age, and thls condition may affect up to 10%
of men in their 40’s and up to 80% of men ages 70 and over.L Sexual dysfunction can have a
strong negative impact on the quality of life.2~ Thus itrepresents asignificant health problem,
and identification of potentially modifiable risk factors may be important for disease prevention
and treatment.

Obstructive sleep apnea (OSA) is also a very common disease, affecting 5% to 20% of the
adult population 6 and could potentially represent a risk factor for sexual dysfunction in aging
men. Hormonal changes, hypoxia-induced nerve impairment, vascular changes and reduced
nitric oxide production associated with OSA have been proposed as potential biologic
mechanisms that may lead to sexual dysfunctlon 8 Sleep disordered breathing therefore
represents a potentially modifiable risk factor for sexual dysfunction and elimination of OSA
could contribute to treatment of this common health problem.

The association between sleep-disordered breathing and sexual dysfunction was initially
described by Guilleminaultetal., Who reported a high prevalence (48%) of erectile dysfunction
among patients with severe 0SA.9 Although the evidence is not completely consistent, 10,
OSA has also been associated with erectile dysfunction in several subsequent studies in patients
evaluated in urology and sleep disorders clinics.”12=17 These studies, however, have often
been limited to small samples of patients recruited from specialty clinic referral populations.
Additionally, the epidemiologic studies have tended to focus on only one aspect (erectile
dysfunction) of sexual function. The accumulation of more severely affected patients in
specialty disorder clinics may represent a referral bias that could limit the generalizability of
such findings. Additionally, it is not clear whether more mild forms of disordered sleep (such
as mild or moderate snoring) might also be associated with sexual dysfunction. The question
of whether there is an association between snoring severity and multiple sexual dysfunction
domains has not been addressed previously in a larger population-based study. To this end, we
examined the question of whether snoring was associated with sexual dysfunction in a
randomly selected, community-based population of middle-aged and elderly males.

Study Population

The Olmsted County Study of Urinary Symptoms and Health Status among Men is an ongoing
cohort study of urologic conditions in communlty dwelling men. Details related to the study
population have been previously published. 18 Briefly, a cohort of Caucasian men aged 40 to
79 years was randomly selected from the 1990 Olmsted County, Minnesota population. Men
who had a history of prostate or bladder surgery, urethral surgery or stricture, or medical or
other neurological conditions that could affect normal urinary function were excluded. After
excluding men with these conditions, 3874 men were asked to join the study, and 2115 (55%)
agreed to participate. A comparison of medical records of participants and non-participants
indicated no differences except for a history of urologic diagnosis, with responders havm a
slightly greater prevalence of diagnosis of kidney stones, urinary tract infections or BPH.19 A
25% random sub-sample of the study cohort, 475 out of 537 men (88%), was chosen to
complete a detailed clinical urologic examination, including anthropometric measurements.
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The cohort was actively followed on a biennial basis for fourteen years. All study procedures
were approved by the Mayo Foundation Institutional Review Board (IRB).

Sexual Function Questionnaire

The Brief Male Sexual Function Inventory (BMSFI) was incorporated into the follow-up
questionnaire in the 6! year of follow-up and biennially thereafter (Appendix 1).20 This
previously validated questionnaire consists of 11 items related to five sexual function domains:
sexual drive (2 questions), erectile function (3 questions), ejaculatory function (2 questions),
sexual problem assessment (3 questions), and overall sexual satisfaction (1 question). All
questions were scored on a scale from 0 to 4 with domain scores equaling the sum of the
individual questions comprising the domain. The domain scores range from 0-12 for erectile
function and sexual problem assessment, 0-8 for sexual drive and ejaculatory function and 0-
4 for sexual satisfaction. For categorical analysis, the following cut-points were used: low
libido if the sexual drive domain <2, erectile dysfunction if the erectile function domain <3,
ejaculatory dysfunction if the ejaculatory domain <2, sexual problems if the problem
assessment domain <3 and low sexual satisfaction if the sexual satisfaction domain <1.21,22

Sleep Questionnaire

A sleep questionnaire was added to the biennial questionnaire during the 14™ year of follow-
up. The questionnaire consists of 4 questions about snoring (presence, severity, frequency and
whether snoring bothered others) and 2 questions on breathing pauses (presence and
frequency). Additionally, 2 questions on fatigue and sleepiness (lack of energy and falling
asleep after dinner) were included from the Androgen Deficiency in Aging Males (ADAM)
questionnaire. The subjects were divided into three groups of snoring severity: heavy snoring
(high-probability of OSA), moderate snoring (indeterminate-probability of OSA) and none/
mild snoring (low-probability of OSA). The subjects in the heavy snoring group must have
experienced breathing pauses > 1-2 times per week in order to be considered. In addition, at
least two of the following needed to be present for the subject to be assigned to the heavy
snoring group: snoring bothersome to others, snoring louder than talking, snoring > 3-4 times
per week and either lack of energy or falling asleep after dinner. Subjects assigned to the none/
mild snoring group had no breathing pauses. In addition they either didn’t snore at all, or if
they snored, it must have been mild snoring that didn’t bother others, was quieter than talking,
the frequency was < 1-2 times per month, and the subject did not experience lack of energy
or report falling asleep after dinner. Subjects were labeled as moderate snorers if they did not
fulfill the criteria for the heavy snoring group or for the none/mild snoring group.

Potential Confounders

Potential confounders of associations between snoring and sexual dysfunction were also
assessed, including mental health status, anthropometric characteristics, and comorbidities.
Mental health status was assessed using the SF-36 questionnaire, which was administered in
the 141 year of follow-up. The five questions directly assessing mental health status were
evaluated in the current study. A mental health score was calculated, ranging from 0 to
100.23 Anthropometric measures included height, weight, and neck and waist circumference
measured on all study men at the 4! year of follow-up and on the clinical subset at the 14t
year of follow-up. All anthropometric measures were performed using a standardized protocol
by a trained study nurse. Medical comorbidities included myocardial infarction, congestive
heart failure, peripheral vascular disease, cerebrovascular disease and diabetes. These were
obtained through electronic ascertainment from the Mayo Clinic Medical Index. Current
smoking status was assessed in the 14t year follow-up questionnaire.
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Statistical Methods

Results

Responses to the BMSFI and snoring questions at the 14t year of follow-up were used in these
analyses. Previous work has shown that self-reforted sexual function can be heavily influenced
by the availability of a regular sexual partner. - Therefore only those men with a regular sexual
partner were included in the analyses. The distributions of sexual function domain scores were
compared across snoring categories using the Kruskal-Wallis test of significance and are
presented as medians and first and third quartiles. Logistic regression models were used to
evaluate associations between sexual function domains and snoring categories and to evaluate
linear trends across snoring categories. Odds ratios and 95% confidence intervals were
estimated to quantify the association between snoring status and sexual function. Multivariable
logistic regression models were use to evaluate the potential confounding effects of age,
anthropometric measures, co-morbidities and mental health status. For all analyses, a P value
of less than 0.05 was considered statistically significant. Statistical analyses were completed
using SAS statistical software, version 8.2 (SAS Institute, North Carolina).

Data were available for 1326 subjects; the analysis was limited to the 827 men who reported
aregular sexual partner. The median age in our population was 64 years (range 51-90). Of the
827 participants, 95 (11 %) subjects were classified the heavy snoring group, 573 (69%)
subjects as the moderate snoring group, and 159 (19 %) subjects as the none/mild snoring group
(Table 1).

The BMSFI scores for each snhoring group are shown in Table 2. Sexual satisfaction scores
were significantly lower in the heavy snoring group (p-value = 0.01); however, scores in the
other sexual function domains did not differ among the three snoring groups.

When the sexual function domains were examined as dichotomous variables, men in the heavy
snoring group were over two times more likely to have low sexual satisfaction compared to
the none/mild snoring group (unadjusted OR=2.3, 95% Cl=1.2, 4.1; Table 3). The association
for men in the heavy snoring group also remained marginally significant after additional
adjustment for age, anthropometrics, mental health (SF-36 scores), comorbidities (including
diagnosis of myocardial infarction, congestive heart failure, peripheral vascular disease,
cerebrovascular disease, and diabetes), and smoking (OR=1.9; 95% CI = 1.0, 3.7). Since the
use of phosphodiesterase type 5 (PDE5) inhibitors could modify the associations between
snoring and sexual dysfunction, we repeated our analyses excluding the 43 men who reported
use of these agents (sildenafil, tadalafil, and vardenafil). Exclusion of these men did not change
our results or study conclusions (data not shown.)

Discussion

Snoring severity was associated with low sexual satisfaction in our study population and there
was a dose-response decline in sexual satisfaction when compared across snoring categories.
Men in the heavy snoring group were approximately two times more likely to have low sexual
satisfaction compared to the none/mild snoring group. This association remained marginally
significant after adjustment for age, anthropometrics, smoking, mental health status, and
medical comorbidities. Snoring was not significantly associated with other measures of sexual
function; therefore; the sexual satisfaction domain appeared to be disproportionately reduced
in comparison to the other sexual function domains in snoring males.

A possible explanation for the association between heavy snoring and low sexual satisfaction
may be related to mutual spousal interaction. Heavy snoring may adversely affect a partner’s
quality of life, and has been shown to increase partner symptoms such as insomnia, headache,
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sleepiness, and fatigue.24 Therefore, itis possible that heavy snoring may also affecta couple’s
sexual relationship, leading to decreased sexual satisfaction. Alternatively, snoring or disturbed
breathing at night may have affected the snorer himself, leading to increased sleepiness, and
less interest in sexual activity. However, we did not observe an association between sexual
drive and snoring, suggesting that the first explanation may be more plausible.

A somewhat unexpected finding of this study was the lack of a significant association between
snoring severity and most measures of sexual function. OSA has been previously associated
with erectile dysfunction (ED), and treatment of sleeg apnea may lead to resolution of ED in
up to 25% of affected pa1tients.7'8v12‘14'16'17'25‘2 OSA has also been associated with
decreased sexual function in women as well as men.29 One possible explanation for our failure
to find an association may be that the association between ED and OSA has typically been
observed only in the most severe cases of apnea. In a study by Margel et al, the relationship
between sleep disordered breathing and erectile dysfunction was present in men with very
severe sleep apnea (respiratory disturbance index > 40 / hour), but not in patients with mild
sleep apnea. 15 Goncalves et al. reported that the majority of subjects with ED and OSA had
severe forms of sleep disordered breathing with night-time oxygen saturation below 80%. 30
It is difficult to quantify the severity of sleep apnea with a questionnaire; therefore, our study
may have lacked the sensitivity to detect an association between severe apnea and sexual
function problems. Additionally, we have relatively small numbers of men who might be
expected to have more severe sleep apnea (only 11% of the study population was in the heavy
snoring category), and we may not have had the power to detect more modest associations
between heavy snoring and measures of sexual function. Our results do, however, suggest that
different levels of snoring are not associated with physiologic measures of sexual dysfunction.
Therefore, physiologic sexual dysfunction may be limited only to men with very severe cases
of sleep apnea.

Our results are consistent with other studies that have not supported an association between
ED and obstructive sleep apnea.lol11 For example, in a study of 285 urologic practice patients
with ED, Seftel et al. reported that neither persistent snoring nor suspected obstructive sleep
apnea were correlated uniquely to ED after adjustment for other factors.11 Our results are also
consistent with Mykeltun et al, who have suggested that sexual functional domains are not
necessarily correlated with sexual satisfaction.

When interpreting the results of our study, several potential limitations should be remembered.
First, diagnosis of sleep-disordered breathing is most reliably established by a formal
polysomnography study in a sleep Iaboratory.32 Thus, the use of a sleep questionnaire as a
surrogate measure is a potential weakness of this study. Nonetheless, the use of a sleep
questionnaire in a primary care population is considered accurate for identification of sleep-
disordered breathing.33 In a study of nearly 6,000 community subjects, a history of frequent
snoring obtained via a self-comfletion questionnaire was strongly correlated with the
respiratory disturbance index.34 1t has also been shown that self-reported snoring correlates
well with the objective presence of snoring, particularly in subjects with a regular bed partner.

Sina study by Netzer et al., a sleep questionnaire in the primary care population predicted
the presence of sleep apnea with sensitivity of 86%, specificity of 77% and a positive predictive
value of 89%.33 In a medical subspecialty practice, a sleep questionnaire performed with 86%
sensitivity and 89% specificity and had a positive predictive value of 97% for 0SA.36
However, in our community population, where we would expect the prevalence of OSA to be
lower®, this tool would have a correspondingly lower positive predictive value.

Second, we examined the cross-sectional association between snoring and five domains of
sexual dysfunction; therefore, it was not possible to establish whether snoring preceded sexual
satisfaction problems or vice versa. Additionally, some participants may have been unwilling
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to report accurate information about sexual function. However, it is unlikely that the responses
to the various sexual domains would vary by snoring status; therefore, we feel comfortable that
the observed association between heavy snoring and low sexual satisfaction probably did not
arise due to differential reporting on the questionnaire. It is possible that the other sexual
domains are indeed associated with snoring severity, but our questionnaire-based study was
not sensitive enough to detect these more subtle associations. Finally, although we attempted
to adjust for the potential confounding effects of age, anthropometrics, and medical
comorbidities, some unmeasured confounders may have been responsible for the observed
associations.

Conclusions

These data provide evidence of an association between increasing snoring severity and reduced
sexual satisfaction in a population of elderly community males. Clinicians assessing patients
for sexual dysfunction may therefore wish to explore snoring history, as well as whether some
of the treatment options that exist for snoring (such as simple lifestyle changes, use of oral
devices, continuous positive airway pressure machines, or surgery) might improve sexual
satisfaction.28:37-40 However, snoring was not significantly associated with impaired sexual
drive, erectile function, or ejaculatory function, suggesting that snoring itself may not be
biologically associated with sexual dysfunction.
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Table 1
Distribution of snoring questionnaire responses in the total cohort and by snoring
group
All subjects None/mild Moderate snoring Heavy snoring
N=827 N=159 N=573 N=95
N (%) N (%) N (%) N (%)
Snoring
No 139 (17) 130 (82) 9(2) 0(0)
Yes 688 (83) 29 (18) 564 (98) 95 (100)
Snoring bothersome
No 172 (25) 29 (100) 140 (25) 3(3)
Yes 423 (61) - 342 (61) 81 (85)
Did not answer 93 (14) - 82 (15) 11 (12)
Snoring loudness
Louder than breathing 246 (36) 29 (100) 212 (38) 5(5)
Loud as talking 246 (36) - 220 (39) 26 (27)
Louder than talking 97 (14) - 73 (13) 24 (25)
Very loud 88 (13) - 48 (9) 40 (42)
Did not answer 11 (2) - 11(2) -
Snoring frequency
Nearly every day 269 (39) - 191 (34) 78 (82)
3-4 times / week 130 (19) - 117 (21) 13 (14)
1-2 times / week 157 (23) - 155 (27) 2(2)
1-2 times / month 90 (13) 23 (79) 67 (12) 0(0)
Nearly never 21 (3) 6 (21) 13(2) 2(2)
Did not answer 21 (3) - 21 (4) -
Stop breathing
No 614 (74) 159 (100) 455 (79) 0(0)
Yes 206 (25) - 111 (19) 95 (100)
Did not answer 7(1) - 7()
Stopping frequency
Nearly every day 57 (28) - 4(4) 53 (56)
3-4 times / week 24 (12) - 5(5) 19 (20)
1-2 times / week 28 (14) - 5(5) 23 (24)
1-2 times / month 67 (33) - 67 (60) 0(0)
Nearly never 24 (12) - 24 (22) 0 (0)
Did not answer 6 (3) - 6 (5) -
Fall asleep or lack energy
No 475 (57) 115 (72) 315 (55) 45 (47)
Yes 352 (43) 44 (28) 258 (45) 50 (53)
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Table 2

Distribution of sexual function scores by snoring group
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None/mild snoring

Moderate snoring

Heavy snoring

*

Sexual function domains median (Q1,Q3) median (Q1,Q3) median (Q1,Q3) p

Sexual drive 4(2,5) 4(3,5) 4(3,5) 0.39
Erectile function 7(3,9) 7 (4,10) 7(4,9) 0.29
Ejaculatory function 7(5,8) 7(5,8) 7(5,8) 0.55
Problem assessment 10 (6, 12) 10 (6, 12) 9(6,11) 0.41
Sexual satisfaction 3(2,3) 2(2,3) 2(1,3) 0.01

*
Kruskal-Wallis p-value for comparison of symptoms across categories

J Sex Med. Author manuscript; available in PMC 2009 April 1.



Page 11

Hanak et al.

“Yiesy

[elusl pue ‘(S818CeIp puR 9SLaSIP J2|NISBACIGSISD ‘aseasip JenaseA [esaydiad ‘ainjres 1eay aAnsabuod ‘UonaIRLUl [RIPJed0AW JO sisoubelp) sanipigiowod ‘Buryows ‘sornswododyue ‘abe 1oy pasnipy

4

(110y09 ai13UB 8y} J0) € PUNOI e UsXe) SJUBLLIBINSEaLL ISIeM PUR X93uU ‘Xapul ssew Apoq) soLiawodoiyiue 1oy paisnipe :souswodoiyiuy
*

(L€'00T)6'T (tv'rr)Ce (rv'zTr)ee AneaH
(57'90)60 (21'90)TT Ztro)tT ajelapoN

(s0uaiagal) 0°T (souaiagal) 0°T (90uBIByl) 0'T Burious pjiw/auoN T > 2109S UOIJB)SIIES [BNXaS
(r2's0) 1T (9z's0) 2T (zz'so)tT AneaH
(60'€0) 50 (T1'€0)90 (TT%0) 90 ajelapoN

(soualtayal) 0'T (souatagal) 0'T (souauayal) 0'T Burlous pjiw/auoN € > JUsWISSasse wajqoid
(ov'20) LT (Tv'80) 81T (zz'90)TT AneaH
(ST'%70)80 (L1'50)60 (z1'50) L0 ajelapoN

(soualtayal) 0'T (souatagal) 0'T (s0usi8ya1) 0'T Butious pjiw/suoN 2 > uonouny Alojenoel3
(r2'so) 1T (€2's0)TT (51'50) 80 AneaH
(91'9°0) 60 (9T'90) 0T (z1'50)80 ajelapoN

(soualtayal) 0'T (souatagal) 0'T (s0usi8ya1) 0'T Butious pjiw/suoN € > uonouny a|1oal3
(T2's0) 11 (T2's0) 11T (91'50) 60 AneaH
(€1'50)80 (#'1'9°0)60 (€1'90)80 ajelapoN

(soualtayal) 0'T

(soualagal) 0'T

(souauayal) 0'T

Burious pjiw/auoN

2> 2109 BALIP [eNXdS

(10 9%%56) O

(10 9%56) O

(10 %S6) 4O

%‘_mvc:ovpcoo
[enusiod |je’1o4 paisnipy

paisnipe-abe pue oswodoayiuy
¥

paisnlpeun

dnoub Burious

3|qeIJeA 8WOJINO

J Sex Med. Author manuscript; available in PMC 2009 April 1.

uonouny fenxas pue sdnoJf Buiious UsamIag UOIEBIJOSSY
€ 9|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript



