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SUMMARY

Sleep and sex are two fundamental human activities. The impact of having either chronically poor
sleep quality from obstructive sleep apnoea (OSA) or impaired sexual function can have
detrimental effects on physical and mental health, and can result in a significantly reduced quality
of life. The presence of either OSA or erectile dysfunction (ED) in men can also be indicative of a
high risk of developing cardiovascular disease. The two conditions are more common in

overweight older men, often co-exist, and have been found to be independently associated.

Treatments for erectile dysfunction, such as testosterone supplementation or PDE-5 inhibitors,
and for obstructive sleep apnoea, in terms of Continuous Positive Airways Pressure (CPAP) are
both readily available. The sales of supplemental testosterone, PDE-5 inhibitors and CPAP have
all substantially increased in the last 20 years. However, there are only scant small uncontrolled
studies regarding the impact of treatment of one condition (OSA or ED) in the context of the

other.

Testosterone prescriptions have increased 500% in the last 20 years. Given the overlap of many
symptoms of obstructive sleep apnoea and testosterone deficiency; there is likelihood that men
with untreated OSA are being provided supplemental testosterone. The efficacy of testosterone

in untreated OSA in regards to sexual function and quality of life has not been investigated.

CPAP use, to treat OSA, has increased substantially since it was first reported in 1981.
Observational and non-treatment or alternative treatment controlled studies have shown some
improvement in erectile function in men with OSA; however the majority of these have been in

men not specifically included on the basis of erectile function.
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Since the successful use of PDE-5 inhibitors to treat erectile dysfunction, first patented in 1996,
sales of PDE-5 inhibitors have substantially increased. Only two studies by the same author, both
lacking an adequate placebo control, have specifically assessed the efficacy of a PDE-5 inhibitor,
administered on demand, in an OSA population. There remains the possibility through theoretical
mechanisms that PDE-5 administration may worsen OSA, which was confirmed by a small study.
Thus the safety and efficacy of daily dose PDE-5 inhibitors in men with OSA are yet to be fully

studied.

This thesis aims to investigate and report, through the use of gold-standard and well established

methods, using randomised controlled protocols, the following 3 unreported questions:

1. The efficacy of testosterone on sexual function, quality of life, and neurocognition in men with
OSA.

2. The effects of CPAP on sexual function, quality of life, mood and relationship in men with OSA
& ED.

3. The efficacy and safety of a low daily dose PDE-5 inhibitor (Vardenafil) in men with OSA & ED

Chapter 1 provides a background and review of current literature on sleep disordered breathing,

sexual function, and the relationship between the two.

Chapter 2 describes a randomised controlled study in 67 men with moderate-severe OSA who
received testosterone injections 3 times over a 12 week period. In this study, testosterone was

found to increase libido, but not erectile function nor any other sexual function in men with OSA.
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Chapter 3 describes the methodology used in a multi-centre 2x2 factorial double blind double
placebo trial of 12 weeks treatment with both CPAP and Vardenafil, a PDE-5 inhibitor in 61 men
with OSA and ED. The analyses of interactions between the two treatments are reported here. No

interactions were found, thus the two treatments can be presented separately.

Chapter 4 reports on the first half of the above mentioned study. Overall, CPAP, compared to
Sham CPAP improved overall sexual satisfaction. However, in those who adhered to treatment,
there were additional improvements in erectile function and libido, accompanied with

improvements in mental health, sleepiness and several quality of life parameters.

Chapter 5 reports on the second half of the above study. This chapter describes the efficacy of
10mg daily dose Vardenafil in men with OSA and ED as well as the effects on sleep disordered
breathing. This dose of Vardenafil did not worsen OSA, but did not improve erectile function at

the end of the study.

The thesis concludes with a summary of findings and their implication for clinical applications.
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NREM Non Rapid Eye Movement
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1. Literature Review

1.1. MALE SEXUAL FUNCTION

Healthy sexual function is not only necessary for reproductive success but is also a contributor
to a satisfactory quality of life [1, 2]. Male sexual health requires incorporation of biological,
psychological and social factors in order to shape sexual behaviour, and to maintain sexual
drive, erectile function, and overall satisfaction [3]. A classic description of sexual response is
that described by Masters and Johnson, this being a four stage model of sexual desire, sexual
excitement, orgasm and resolution [4]. All of these phases are required to maintain a healthy
sexual function. Various aspects of sexual function such as arousal, desire, and behaviour
intertwine to have influence on one another. These different facets are driven by a complex
mix of neurochemical, neuroanatomical, psychological and social factors which can be difficult

to report in a quantitative research [5].

1.1.1. Sexual Desire

Known by various names, including ‘libido’, ‘sex drive’, ‘sexual motivation’, ‘sexual interest’, and
‘lust’, sexual desire is an important aspect of human existence [6]. The intensity of sexual desire
can vary between individuals and also within an individual over a given time frame [7]. Defining
sexual desire and describing its manifestation is difficult, and much of the physiology is
unknown [7, 8]. A particular area of difficulty is the classification of sexual desire into two
separate components: dyadic and solitary desire, that is, interest in behaving sexually with a
partner or by oneself, respectively, which is often not taken into account in clinical quantitative

research [9].



Clinically, sexual desire can be readily understood, however there is no single accepted method
used for quantitative measurement [6]. Levels of sexual desire can be difficult to measure due
to reliance on self-report and self-knowledge in a complicated mix of social and psychological
processes, particularly when asked retrospectively [5]. There are several questionnaire based
tools which have been used in the scientific literature, however clinicians often find these
difficult to accept due to the complexity of contributors to sexual desire [6]. Behavioural
observations, such as documenting masturbation frequency, has been suggested as a
measurement of sexual desire, as this activity is less constrained than other sexual behaviours
by external factors such as partner presence, risk of pregnancy or disease [10]. However, two
problems exist using this as a measurement technique. Firstly, masturbation frequency is an
inferred measurement assuming there is a translation of desire into masturbation, which is not
always the case, and secondly, engaging in this behaviour may be limited by an individual’s

social and religious beliefs.

There are many influences upon the level of sexual desire, which can include hormone levels,
age, weight, gender, social situation, education, health, and the importance of sex to the
individual [6, 11-15]. The presence of a relationship may have some influence in sexual desire
[14], however, the length of the relationship has not been shown to affect sexual desire in
males, unlike that which occurs in females [16]. If sexual desire in a relationship differs
between partners which results in a discrepancy between the desire of one partner and actual
levels of intercourse, relationship quality can be impacted, particularly over longer relationship

lengths [17].



Suggestion has been made that an ideal method of measuring sex drive is to combine
guestionnaire data, behavioural data and in-depth interview. However, this is not always
logistically possible in clinical trials [10]. The most available and utilised option in research is to

use validated questionnaires to quantify sexual desire and related facets of sexual function.

1.1.2. Normal Erectile Function

Erectile function is a complex process, requiring input from the vascular, endocrine, and central
and peripheral nervous systems. Two types of erections exist — those occurring due to a
physical or psychological stimulus of some kind and those occurring without stimulus during
sleep. An erection occurs when an endogenous release of nitric oxide in the nerve endings of
the penis and from vascular endothelial cells promotes guanylyl cyclase to produce cyclic
guanosine monophosphate (cGMP). An increase in ¢cGMP can also occur by inhibiting
phosphodiesterase type 5 (PDE-5) in the corpus cavernosum via exogenous administration of
PDE-5 inhibitors. This increase in cGMP allows smooth muscle relaxation, arterial dilatation and
venous constriction which results in an erection [18]. Testosterone levels also influence this
function, since testosterone is thought to have effects on nitric oxide release, with insufficient

amounts associated with a reduction of pressure in penile arteries during erections [19-21].

1.1.3. Sleep Related Erections

Long before described in scientific literature, the existence of nocturnal erections was common
knowledge [22]. The religious community condemned their occurrence, believed to be resulting
from impure thoughts, and devices were developed to prevent them [22]. Erections during

sleep have been described in the scientific literature since the 1940’s [23, 24]. These were



confirmed to be associated with REM sleep, some thirteen years after the discovery of this
stage of sleep [25, 26]. Further investigation found that these nocturnal erections correspond
with about 90% of REM sleep cycles, this being 4 or 5 periods, lasting a total of 1.5-3 hours
during the sleep period [7]. The nomenclature of this phenomena was coined by Karacan in the
1960’s as “Nocturnal Penile Tumescence (NPT)”, rather than the phrase “penile erections
during sleep”, which was considered too explicit for the time [22]. In 1991, the phrase “sleep
related erections (SRE’s)” was adopted in the International Classification of Sleep Disorders
[27]. The cause of these predictable and reliable SRE’s which occurred in healthy men was
found to be due to increased blood flow to the penis and were not found to be related to any
sexually themed dreams, nor sexual activity [22, 28]. Neither sexual abstinence nor pre-sleep
sexual activity, either intercourse or sexual arousal affect subsequent erections during sleep
[22, 29]. Although the neurophysiological basis of these SRE’s is not completely understood,
these episodes of penile blood engorgement increase corporeal oxygenation and may function
to protect the morphological integrity of the penis [30, 31]. Without regular oxygenation,

fibrosis of the smooth muscle may occur leading to atrophy of the corpora cavernosa [32].

Sleep related erections can be affected by a number of biological influences. Advancing age has
been shown to reduce the number of episodes of SRE’s, reducing by about 25% between the
ages of 13 and 70 years [7]. This reduction is more prominent after age 60 [33]. The presence
of diabetes has also been shown to reduce SRE’s. In a study of 100 diabetic and 400 non-
diabetic men, those with diabetes had fewer SRE’s, less tumescence time, diminished penile
circumference increase, and lower penile rigidity than those without [34]. Similarly, smokers

have a dose response relationship with increased pack year histories impairing SRE’s [35].



1.1.4. Sexual Dysfunction

Estimates of the broad diagnosis of male sexual dysfunction in the community vary between 10
to 50%, however, many men are left undiagnosed and untreated due to social discomfort by
either the patient or physician [36]. Sexual dysfunction, including low sexual desire and erectile
or ejaculatory difficulties, can have a significant effect on quality of life. Any of these disorders
can contribute to difficulty in initiating or maintaining a relationship, and can contribute to
negative impact on mood, self-esteem and life satisfaction, which can also be bidirectional, by

creating or worsening the level of sexual dysfunction [37].

Low desire for sexual activity can cause distress to the individual and create conflict in a
relationship [38]. The Diagnostic and Statistical Manual of Mental Disorders (DSM-1V) defines
hypoactive sexual desire disorder as “deficient or absent sexual fantasies and desire for sexual
activity” resulting in significant distress and is not explained by any other disorder [39]. In a
large (n=1749) cohort of American adults who had been sexually active in the last year, 15%
reported low sexual desire [1]. Likewise, low dyadic sexual desire found was found in 13.5% of
community dwelling Australian men aged 35-80 years, whereas 68% reported low solitary
sexual desire [40]. Australian data collected as part of the Global Study of Sexual Attitudes and
Behaviours (n=750), found that after adjusting for age, 17% had low sexual desire [41]. In a
large (n=3714) sexual dysfunction clinic population, low sexual desire was found to occur
concurrently with other sexual problems of erectile dysfunction, premature and delayed
ejaculation in 38%, 28% and 50% of participants respectively [13], however, causality and the
direction thereof cannot be determined. In large population studies of men aged over 50, a

gradual decline in sexual desire has been seen with increased age [42, 43]. A prominent
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physiological association with low sexual desire is low testosterone, found to be in 40% of
cases, [13] further explained in section 1.2.5. More recent work has also found that low
estradiol, a metabolite of testosterone, also contributes to a reduction in libido [15]. Other
medical contributors to low libido include side effects of anti-depressant medication [44],

hyperprolactinemia [13] and lower urinary tract symptoms [45].

Erectile dysfunction (ED) is defined by the National Institutes of Health (NIH) Consensus
Development Conference as the inability to attain and/or maintain penile erection sufficient for
satisfactory sexual performance [7, 46, 47]. A more recent clarification of the diagnosis specifies
that symptoms must have been present for at least 3 months, except when trauma or surgically
induced ED is involved [48]. In the past, nomenclature of erectile dysfunction included the term
“impotence”, which was derived from Latin meaning “lack of power” [49] which, in a sexual
sense could relate to either sexual desire or erectile function. This terminology has been used
in the past to include all manner of male sexual dysfunction, including erectile dysfunction, as
well as ejaculatory and orgasmic dysfunction [50, 51]. Usage of the term has changed over
time, with impotence more recently referring to that of the inability to obtain an erection.
Since 1992, via a consensus document from the NIH, the more precise term ‘erectile

dysfunction’ has replaced ‘impotence’ due to confusion about its exact meaning [52].

Prevalence rates of ED differ between studies due to heterogeneous measurement techniques
and populations, however, all have found the incidence of erectile dysfunction to increase with
age. Approximately 10-17% of all men report a degree of ED, with this number increasing to

approximately 50-60% of men in older age groups [1, 42, 53-57]. The Massachusetts Male



Aging study, conducted in the late 1980s on a sample of 1709 community dwelling men aged 40
to 70 years reported the incidence of at least some level of erectile dysfunction as being 52%
[54]. Data from this study was used to estimate that in 1995, 150 million men across the world
experienced some degree of erectile dysfunction, and this prevalence will increase to 320
million men by 2025 [58]. In a population including younger men in Brazil, overall 17% of men
reported some degree of ED, ranging from 7.3% in the youngest age group (20-29 years)
through to 63% in those aged over 60 [57]. Australian data, collected as part of a global study,
found that of the 750 men surveyed, 21% experienced erectile difficulty [41]. A study
performed in South Australia based on a community sample, found that overall, 25% of men
aged over 40 were unable to achieve an erection. When stratified by age, of those men aged
40-49, about 3% reported significant erectile dysfunction, with erections being insufficient for
intercourse, while those in the oldest age bracket, men aged over 90 years, 93% reported such
difficulties [59]. In a general practice based sample in Perth of 1240 adult men, about 40% of
men reported some degree of erectile dysfunction [60]. This higher prevalence rate found in
this latter study may be due to health being slightly lower in general practice than in the
community. Of those men who report ED, two studies have found that less than 30% are

receiving treatment [2, 55].

Several modifiable risk factors for ED have been identified. Obesity and a sedentary lifestyle
increases the likelihood of ED [61, 62] as does significant alcohol consumption (>3 drinks per
day) [63]. In the Massachusetts Male Aging Study, a prospective population study of men aged
40-70, 513 men had no ED or diabetes at baseline. When these participants were reassessed 6-

12 years later, those who had smoked or had a BMI greater than 28 at baseline had an



increased risk of developing ED [62]. Weight reduction strategies have been shown to improve
ED [64, 65]. A high proportion (40%) of those with diabetes have ED [66], as do those with low
testosterone, [67] further explained in section 1.2.5. Chronic periodontitis has also been
correlated with ED, which may be related to atherosclerosis and its link with dental disease

[68]. Additionally, the lack of a regular partner has established as a risk factor for ED [40].

In the first half of the century, prior to 1970, erectile dysfunction was thought to be solely
psychogenic [22]. Although early reports of the existence of predictable nocturnal erections
associated with REM sleep were described in the 1940’s [24], it was not until 1970’s that
impaired nocturnal erections were associated with erectile dysfunction. At the time,
suggestion was made that by measuring nocturnal erections, the distinction of the cause of ED
being a psychological or organic basis could be identified [69]. The assumption was that if
nocturnal erections are obtainable, then there is evidence that there is erectile capacity [22]. If
nocturnal erections occur during sleep but not during wakefulness, then there must be
psychological, behavioural or situational influences, rather than a physiological cause [22, 70].
This binary classification of ED being either of psychological or organic origin has since been
considered an oversimplification, but the concept is still used [22]. Organic ED comprises 60-
80% of all ED and refers to cases that are caused by underlying chronic diseases such as
Parkinson’s disease, stroke, diabetes, hypertension and atherosclerosis [46], as well as
endocrine system disorders [71]. Psychogenic causes include performance anxiety, lack of
sexual excitement, depression and schizophrenia [46]. A large population study (n=1749) found
the presence of emotional issues or stress increased the risk of developing ED in the order of

3.5 times [1]. Additionally, higher scores in indexes related to anger and depression, in another



large population study (n=513) was found to increase the risk for developing ED [54]. Since the
advent of and popularization of Sildenafil, in a complete turnaround from the original thought
that ED was purely psychological, suggestion has now been made that sexual dysfunction has
been increasingly attributed to medical causes and overlooks the contribution of psychological

and social factors [11].

Several studies have shown that the existence of ED provides an early warning sign that there is
an increased risk for developing cardiovascular disease (CVD). CVD has become the main cause
of death in the developed world. Current estimates from the World Health Organisation predict
that almost 23.3 million people will die of cardiovascular disease during the year of 2030 [72].
ED has been suggested as an early warning sign for cardiovascular disease, even in those men
without cardiovascular symptoms [73]. Recognition that ED is an important sentinel event for
CVD is growing among health professionals. ED and CVD share risk factors including older age,
obesity, cigarette smoking, diabetes, hyperlipidaemia and hypertension [73, 74]. As a result,
those men who present with ED should be screened for CVD and associated risk factors [75].
Two large prospective studies have shown that baseline coronary risk factors such as age,
smoking, and being overweight, are associated with subsequent ED in healthy men after 8-10
[62] and 25 years follow-up [76]. More recent prospective studies [75, 77-79] and two
retrospective studies [80, 81] provide further evidence that ED can predict subsequent CVD.
Additionally, a large population-based longitudinal study found that self-reported ED was
associated with both CVD-mortality and all-cause mortality (hazard ratios 1.43 and 1.26

respectively) after adjusting for known risk factors [82]. This high predictive association has



been shown to be as comparable as smoking or familial history of myocardial infarct as a risk

factor for developing cardiovascular disease [75, 82, 83].

1.1.5. Measurement of Sexual Function

Several questionnaires have been developed to subjectively assess sexual function in the male.
The European Male Aging Study (EMAS) developed a 20 item questionnaire of particular
application for the aging male, with questions relating to changes in and distress caused by
sexual dysfunction, as well as overall sexual functioning [84, 85]. The Golombok Rust Inventory
of Sexual Satisfaction (GRISS) questionnaire comprises 28 questions and has domains for
erectile dysfunction, premature ejaculation, infrequency, avoidance, non-sensuality and
dissatisfaction [86, 87]. The Brief Sexual Function Inventory (BSFI) was developed for a urology
based population and comprises 11 items regarding desire, erection, ejaculation and the
perception of problems related to these domains [88]. The International Index of Erectile
Function (lIEF) is a series of 16 questions, comprising domains of erectile function, sexual
desire, orgasmic function, and overall function each rated from 0 or 1 to 5. Higher scores
correspond to a higher number of events or satisfaction [89, 90]. This latter questionnaire is
the recommended methodology to assess erectile function as well as the endpoint of clinical
trials for ED [89, 91]. This subjective questionnaire, developed by the pharmaceutical company
Pfizer in conjunction with clinical expertise, was first published in 1997 and has become the
‘gold standard’ measurement of ED in both clinical and research environments [89-92].
Quantification of satisfaction with treatment for ED can be measured using the Erectile

Dysfunction Inventory of Treatment Satisfaction score [93].
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Currently there is no accepted method of objectively measuring sexual desire [94]. The closest
is the measurement of sexual arousal, by penile plethysmography, which measures erectile
response to audio, visual or emotional cues, more commonly used to assess sex offenders, in

order to assess patterns of arousal and treatment efficacy [95].

Several incarnations of objectively measuring erections have been developed. In the early
1960’s a device which measured penile volume changes was reported, used in the context of
testing the identification of an individual to homosexual or heterosexual tendencies [96, 97].
This device was found to be difficult to use during sleep. Three alternative methods to monitor
erections during sleep were trialed in the mid 1960’s, including a water filled cuff and a skin
thermometer. The third, a mercury strain gauge, was found to be the more superior
methodology [98]. This technique was further developed and found to be a cheap reliable
method of monitoring SRE’s [99]. A simpler technique, reported in 1980, involved placing a row
of easily torn stamps, similar to postage stamps, snugly around the penis. If these stamps were
torn along the perforations in the morning, erections were assumed to have occurred during
sleep [70]. The late 1980’s saw development of the ‘Rigiscan™™” device, using tension cables to
monitor SRE’s [100]. In a paper by Karacan in 1994, comment was made that monitoring of
nocturnal erections was being used successfully by physicians around the world to determine
the cause of erectile dysfunction [101]. Since the advent of successful pharmaceutical
treatment for ED in the late 1990’s, however, no further development of SRE measurement

techniques has occurred.
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Thus the most current technique to measure SRE’s is the Rigiscan device, which monitors the
frequency and duration of tumescence and rigidity of the penis during sleep [100]. The
recording device is strapped to the participant’s thigh using a commercially available strap with
customised pocket to hold the device for the duration of the sleep period. Two small tension
cables extend from the device to the penis, which move freely through a conduit and
disposable loop covers. These loops are placed around the base and tip of the penis which
gently tighten and release every 15 seconds at a force of 114 grams. After the dilatation of the
loop, the penile tissue rebounds to the pre-intervention state. During this rebound, a
measurement of the erectile tissue engorgement is taken. If an increase in tumescence is
detected, compared to previous results and has shown at least a 6 millimetre increase, a
second measurement is taken every 30 seconds. This second measurement records rigidity by
tightening the loops to a linear force of 283.5 grams and determines the cross sectional

response to radial compression [102].

Measurements obtained from the Rigiscan include the number of erections (defined as a 20%
increase in tumescence from baseline lasting at least 3 minutes) per night, erection duration in
both time and per cent of recording, and percentage rigidity (compared to 100% being a hard-
rubber cylinder). Additionally, calculated variables reported are rigidity activation units (RAU’s)
which are a product of minutes spent at a given rigidity level in decimal form, summated for the
duration of the erectile event, for both the base and the tip, as well as tumescence activation
units (TAU’s), which represent the duration of an erectile event multiplied by the percentage
increase in circumference, as a decimal, over the baseline tumescence, again for both base and

tip of the penis [103]. A study conducted in 1996, soon after these latter measurement units
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were included in the assessment software, concluded that tip TAU’s were the best overall
measurement correlating with the diagnosis of erectile dysfunction, closely followed by both
base TAU’s and RAU’s [104]. Repeating this study with a larger sample some 13 years later
found that the diagnostic accuracy of this device did not go above 75% in any of the
parameters, due to a large overlap in the RAU and TAU in that of men considered to have
normal and abnormal erectile function, however, the authors recognised its utility in a research
context and in documenting treatment efficacy in a clinical setting [105]. The frequency of
monitoring nocturnal erections has declined since the advent of PDE-5 inhibitors, namely the
release of Sildenafil in the late 1990’s [22]. Due to the efficacy in treating ED using these
medications, measurement of nocturnal erections generally only occurs in a clinical setting

when available medications do not improve erectile function [106].

1.1.6. Treatment for Erectile Dysfunction

One of the main first line oral pharmacotherapies for men with ED is the use of PDE-5
inhibitors. Erections are normally reversed by the enzyme phosphodiesterase type 5 (PDE-5) by
breaking down cyclic guanosine monophosphate (cGMP) which relaxes the corpus cavernosum
muscle allowing blood to fill the muscle and an erection to occur [18]. PDE-5 inhibitors impede
this process, allowing erections to occur and be maintained. The efficacy of these medications
was found accidently during the development process of using PDE-5 inhibitors for the
treatment of cardiac conditions in the mid 1990’s due to a recurrent unintentional side effect of
improved erectile function [49]. The most commonly used PDE-5 inhibitors are Sildenafil,

Tadalafil, and Vardenafil, all of which have been shown to be safe, efficacious and well
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tolerated [107, 108]. Less available and subsequently less studied are Avanafil, Udenafanil and
Mirodenafil [109, 110]. Rates of use of PDE-5 inhibitors have substantially increased over the

last 10 years, without a concomitant increase in diagnostic testing for the cause of ED [111].

In the few studies comparing PDE-5 inhibitors, the most preferred by patient is reported to be
Tadalafil, possibly due to the ability to maintain sexual spontaneity [108, 112]. The half-life of
Tadalafil has been found to have the longest out of the PDE-5 inhibitors, of around 17.5 hours,
compared to that of Sildenafil (3.8 hours) and Vardenafil (3.9 hours) [113]. Tadalafil also has an
added benefit of not being affected by food intake, whereas the efficacy of Sildenafil and

Vardenafil is reduced when a high fat meal is consumed around the same time as dosage [114].

Traditionally, PDE-5 inhibitors have been taken under an ‘on demand’ regime. An alternate
treatment is once daily administration, which can be both advantageous, by restoring the
spontaneity of sexual activity, as well as disadvantageous due to an increase in burden to the
patient, resulting in a potential for a reduction in adherence to treatment [110]. Several studies
have found that daily administration of Tadalafil was more effective than that of an on-demand
basis [115-117]. Similarly, Vardenafil has been shown to be effective when given daily for
around 40% of those for whom on-demand administration was ineffective [118]. This is not a
consistent result, however. In a study of men with mild to moderate ED, no benefit was found
with once daily administration of 10mg Vardenafil compared with on demand dosage, with the
latter regime having a trend toward a higher score in the erectile function domain of the IIEF

guestionnaire [119]. Similarly, in a group of patients post bilateral nerve-sparing radical
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prostatectomy surgery, on-demand Vardenafil was more effective than daily administration

[120].

Unfortunately, up to 30% of men who are treated with PDE-5 inhibitors for ED do not have an
improvement in their symptoms [121]. For some of these men, changing the type of PDE-5
inhibitor, such as from Sildenafil to Vardenafil has been shown to improve erectile function
[122]. For others, the addition of testosterone therapy has been shown to be efficacious [123-
127]. The expression and function of the enzyme PDE-5 can be modulated by testosterone
[128], meaning a low endogenous level of testosterone may reduce the number or efficiency of
these enzymes, reducing the efficacy of PDE-5 inhibitor pharmacotherapy [129]. Testosterone is
thought to have effects on nitric oxide release, with insufficient amounts associated with a

reduction of pressure in penile arteries during erections [19].

The effect of PDE-5 inhibitors on sleep related erections has been inconsistent. In two studies
of young healthy men with normal erectile function, a dose of 100mg of Sildenafil increased
SRE parameters as measured by Rigiscan [130, 131]. In a study of men with ED, no
improvement was found with Tadalafil on SRE’s when measured by Nocturnal
Electrobioimpedence Volumetric Assessment, which calculates penis blood flow [132]. Using
the same SRE monitoring technique, another study found improvements when Sildenafil was
administered to men with organic, but not psychogenic ED [133]. Also finding improvements
was a study using a combination of testosterone therapy and PDE-5 inhibitors in hypogonadal

men. This study found that the combination improved SRE’s greater than the sum of each
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therapy used on its own [134]. A similar result was found with the addition of on demand PDE-

5 inhibitor for hypogonadal men using testosterone therapy for 6 months [135].

PDE-5 is the isoform generally expressed in the penile corpus cavernosum, however it is also
found in other areas of the body, including the pulmonary and systemic vasculature and several
other smooth muscle structures, which have been shown to be affected by PDE-5 inhibitors
[136]. The low side effect profile and a greater understanding of cGMP regulated mechanisms
have prompted many investigations in alternative uses of these medications. The original
purpose of PDE-5 inhibitors was for cardiac related conditions before the discovery of the
effects on erectile function. Since then, Sildenafil has been approved for pulmonary
hypertension, and has been shown to improve flow mediated dilatation in chronic heart failure
patients [136]. Additionally, a meta-analysis of PDE-5 inhibitors for Raynaud’s phenomenon, a
disease of excessive vasoconstriction, found that overall there is a significant but moderate
effect in reducing the frequency and duration of Raynaud’s exacerbations [137]. Lower urinary
tract symptoms, continence after prostatectomy and urodynamic function after spinal cord
injury have also all been shown to improve with PDE-5 inhibitors [138-140]. Therefore the use
of daily administration of PDE-5 inhibitors may have additional positive effects apart from

improved erectile function.

An alternate method of improving erectile function is by the administration of testosterone

therapy, further described in section 1.2.4.
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1.2. TESTOSTERONE

Testosterone is the main androgen which mediates pubertal maturation and preserves sexual
characteristics and function in men throughout life. It is the main anabolic hormone and has
wide ranging effects on human physiology. This hormone contributes toward many aspects of
well-being and quality of life, including sexual function, strength, vitality, and some

neurocognitive function.

The link between the testicles, now known to be the site of testosterone production, and their
removal, with changes in behaviour and sexual characteristics have been noted by farmers in
their livestock for at least 6000 years [141]. Historical references to human eunuchs, likewise,
have noted this connection since at least the time of Ancient Greece [142]. In modern scientific
literature, one of the first mentions of this phenomena was in 1849 [143]. Chemical
messengers, first named “hormones” in 1905, were described in the Lancet, after experiments
finding substances acted upon organs geographically distant from their place of origin [144].
Pharmaceutical companies embraced these new developments and in the early twentieth
century three of these companies competed to isolate the hormone from the testicles [141].
The first team to succeed in 1935 was supported by Organon, and named the hormone
“testosterone” [145], with another team, funded by Schering, synthesizing the hormone later
that same year [146]. The third team published their data one week later, having also

synthesized testosterone from cholesterol [147].

Since this early work, significant advances have been made in the understanding of

testosterone secretion. Leydig cells within the testes are responsible for the production of the

-17 -



majority of testosterone. The hypothalamus produces gonadatropin releasing hormone (GnRH),
which binds with the gonadatropins in the anterior pituitary. This then releases both luteinsing
hormone (LH) and follicular stimulating hormone (FSH). The FSH stimulates spermatogenis in
the testes, while the LH stimulates the Leydig cells to produce testosterone. The testosterone
then feeds back to suppress the production of the gonadatrophin [148]. About 2% of total
testosterone is freely available to perform its functions (“free testosterone”), while the
remaining is bound to either sex hormone binding globulin (SHBG) or albumin. The levels of

these two proteins can therefore affect the bioavailability of testosterone [148].

1.2.1. Normal Testosterone Levels

Defining clinically normative testosterone levels across the entire adult lifespan has so far been
elusive, with no clear consensus regarding the level at which a man is considered to have a low
testosterone concentration. There is wide spread acceptance that there is a gradual decline in
serum total and free testosterone levels associated with age in healthy adult men [149]. A
decline of 1-2% per year for those aged over 40 is expected, with a faster decline, in the order
of 4 nmol/L per year in those aged 61 — 87 years has been described [150, 151]. With an
increasing life expectancy and a subsequent greater proportion of the older generation, the
prevalence of low testosterone levels, and its accompanying symptomatology is likely to

increase [152].

Extreme cases of intentional testosterone change, such as in athletes and body builders hoping
for sporting enhancement and male singers castrated to maintain a soprano range, especially

during the 16™ to 18™ centuries, as well as transgender individuals undergoing gender
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reassignment, provide an interesting, but not generalisable, understanding of the effects of

supraphysiological or complete absence of testosterone.

1.2.2. Influences on Testosterone Levels

Many concomitant pharmacotherapies as well as endogenous, situational and lifestyle factors
can influence testosterone levels. In addition to age, several endogenous factors controlling
testosterone exist. A substantial hereditary influence on testosterone levels has been shown in
the Framingham Heart study [153]. By studying father/son and brother/brother pairs, a
significant genetic correlation was found for testosterone levels, which included adjustment for
known risk factors of age, BMI, as well as smoking and diabetic status [153]. The circadian
rhythm also has a profound effect, with peak values occurring early in the morning and nadirs
in the early evening [154]. This circadian pattern in the release of testosterone is so well
established that standard practices require blood samples be taken in the early morning to
ensure the sample reflects the peak testosterone level achieved throughout the day [155]. This
diurnal variation, however, may not be as strong in those aged over 40 [156]. The influence of

sleep on testosterone levels is further discussed in section 1.4.1.

Several modifiable factors have also been identified to influence testosterone levels. Firstly,
increased body weight has been shown to decrease testosterone. A prospective cohort study
of 1667 men showed that an increase in BMI of 4-5kg/m2 was comparable to that of the
expected decline in testosterone over 10 years [157]. Likewise a large (n=890) longitudinal

study found a decrease in total testosterone levels, but not free testosterone, with increase in
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BMI [158]. In a large (n=991) long-term (20 year) study, those who gained more weight had

lower levels of testosterone than those who lost or did not change weight [159].

Medications can have effects on testosterone levels. Statins, used to lower cholesterol, were
found to reduce testosterone by 0.7 nmol/L, calculated with a meta-analysis of 6 studies,
however, the clinical significance of this reduction is difficult to determine [160]. In contrast, a
recent meta-analysis of 6 studies found statins improved erectile function [161]. Another
common medication, glucocorticoids, which are often chronically used in the context of
asthma, have also been shown to reduce testosterone with one small study (n=11) showing an
inverse dose relationship, resulting in testosterone levels 60% that of the control group [162,

163].

A factor which is often overlooked is that of the influence of domestic situations on
testosterone in men, which has been investigated in many studies with consistent results [164].
Relationship factors can alter testosterone, with the loss of a spouse reducing testosterone
levels by more than 10nmol/L [157]. “Falling in love” in the first six months of a relationship
can reduce testosterone levels compared to single men or those in long-term relationships
(14.2 vs 23.6 nmol/L, p> 0.003). These levels were observed to rise after 1-2 years to the level
previously seen in the control group [165]. A similar reduction in testosterone was found in
heterosexual men (but not homosexual men) who had long term partners compared to those
without partners (17.3 vs 27.0nmol/L, p=0.013) [166]. Several studies have documented lower
testosterone levels in men in committed relationships, compared to single men [167-169].

There has also been consistent findings that becoming a father and being involved in child
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rearing, reduces testosterone levels [169-171], suggesting that higher levels are associated with

mating effort, and inversely correlated with parenting [171].

Social interactions have also been shown to affect the testosterone levels of men. In young
college students, a short conversation with a female increased testosterone, but this was not
significantly different than after a conversation with a male, however, the degree to which the
male was trying to impress the female, as rated by the female, correlated with the increase in
testosterone [172]. A woman’s fertility has also been shown to influence a man’s testosterone
level, with the scent of premenopausal women who are in their most fertile phase, ovulation,

producing an increase in testosterone [173].

Sexual thoughts, in the absence of sexual behaviour, has also been shown to affect
testosterone levels, however this finding is not consistent. Watching a sexually explicit film has
been shown to increase testosterone levels by 35%, compared with a sexually neutral film
[174], however, a similar study did not find such an increase [175]. Sexual thoughts, elicited by
imagining and writing about a sexual situation, did not produce an increase in testosterone
compared to those who wrote about a control non-sexual situation, however an increase in
cortisol levels was found, prompting a hypothesis that cortisol may facilitate sexual arousal by

directing efforts toward a sexual situation [176].

Involvement in competitive sporting events can also influence testosterone levels in men.
Several studies have shown winning compared to losing, increases testosterone, not only for
players but for supporters [177-179]. Another study found that the level of participation in the

game, rather than the outcome, correlated with the level of testosterone [180]. Anticipation for
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an important match also increases testosterone levels, such as those seen in the supporters of

the Spanish team participating in the lead up to the 2010 soccer World Cup final [181].

1.2.3. Testosterone Deficiency

Clinically, testosterone deficiency is defined as low testosterone levels in conjunction with
clinical symptoms. Six such symptoms have been identified as characterising androgen
deficiency — reduced sexual function, reduced intellectual ability, decreased body mass,
changes in hair and skin, reduced bone mineral density and increased visceral fat [182]. In the
older man, late onset hypogonadism can be defined by three or more sexual symptoms (such as
poor morning erection, ED or low sexual desire) in addition to a total testosterone level of less
than 11nmol/L and free testosterone level of less than 220pmol/L [183]. There have been
inconsistent reports of the testosterone levels at which symptoms appear [183], suggesting that
a significant amount of clinical decision making based on comprehensive medical history taking

is essential.

Reported prevalence rates of testosterone deficiency differ. In a longitudinal study of 890 men,
20% of those over 60, 30% of those over 70 and 50% of those in their 80s have testosterone
lower than that of a young healthy man [158]. In a large cross sectional study of almost 3000
men, the European Aging Male Study (EMAS), 2.1% of 40-79 year old males were found to have
late-onset hypogonadism, and were found to be older and more obese than eugonadal men
[184]. A population based decline of testosterone levels has been found in the United States,
independent of age, in a large (n=1532) prospective cohort study, suggesting an unidentified

health or environmental effect on testosterone levels in the overall population [185].
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1.24. Testosterone Therapy

Testosterone therapy involves supplementation via transdermal, injected or implanted means
[186]. Ideally, a sustained consistent release is ideal to avoid fluctuations of symptomatology
[187]. Testosterone supplementation has been investigated in regard to many different clinical
outcomes, using a variety of methodologies, and there remains a significant amount of
conflicting information in regard to its efficacy. Baseline serum testosterone levels below which
androgen supplementation is suggested varies between 8-17 nmol/L [155, 188, 189]. Although
official guidelines avoid clearly identifying an exact cut off, reference is made to less than 10
nmol/L, laboratory dependent, as defining a low testosterone level [105]. There is increasing
recognition that there is variation between individuals regarding the threshold of testosterone
concentration and the appearance of or reduction in particular symptoms [190]. The decision
to commence testosterone therapy must be based on clinical symptoms in the context of the
risks involved with treatment [155]. Recent reports suggest that younger men, but not older
men, with classic hypogonadism generally have a positive benefit to risk ratio with testosterone

therapy [191].

The rates of prescribed testosterone supplementation in the general Australian community are
substantially increasing with a nine-fold increase in the last 20 years [192]. This replicates the
rapid increase in America, of 500% over the same timeframe [105]. The sale of testosterone
globally has increased from $150 million in 2000 to $1.8 billion in 2011 [193]. This rapid
increase in testosterone usage has not been associated with any increase in the diagnosis of
androgen deficiency, and has been speculated to be viewed as a non-specific treatment for

declining well-being and sexual dysfunction [192, 194]. Indeed, one survey of doctors in 5
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countries regarding reasons for prescribing testosterone reported that symptoms, rather than

laboratory values, drove their decision to prescribe testosterone supplementation [195].

From a clinical perspective, the effectiveness of testosterone supplementation on sexual
function is generally accepted via 70 years of experience [191]. This is supported by systematic
reviews, which report a consistent finding that testosterone treatment increases sexual desire,
and also erectile function, although to a lesser degree [141, 196]. Separating sexual function
into its various aspects, these differing facets appear to be affected by differing levels of
testosterone; however there is not a clear consensus on the exact level of testosterone below
which a symptom will become apparent. There is also variation between individuals regarding
the influence of testosterone upon sexual function [197]. Long term observation of
hypoandrogenic men receiving testosterone pellets (which declined in efficacy with time)
showed a reproducible return of symptoms (lack of energy, motivation and reduced sexual
desire) within individuals, however these levels varied markedly between men, suggesting that

each man has a threshold at which androgen deficient symptoms become apparent [190].

1.2.5. Testosterone and Sexual Function

Traditionally, testosterone has long been strongly associated with virility. Healthy sexual
function in males comprises sexual desire as well as satisfactory erectile and ejaculatory
capabilities, and the production of sperm, all of which may be influenced by testosterone [198,
199]. Low levels of testosterone appear to have an inverse relationship with symptoms of

sexual problems including poor morning erection, low sexual desire, erectile dysfunction, as
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well as contributors to the ability to maintain healthy sexual function, including inability to

perform vigorous activity, depression and fatigue [183].

Questionnaire data published by various authors regarding sexual functioning, including sexual
desire, erectile function and orgasmic function have suggested differing threshold levels of
testosterone to be associated with reduced sexual functioning, ranging from 8nmol/L to
12nmol/L [105, 183, 190, 200]. Testosterone levels below 8, 11 and 12, nmol/L have all been
associated with decline in various aspects of functioning [189]. Below 12 nmol/L, less sexual
activity occurs and there is a reduction in nocturnal erections [105, 141]. Self-reported morning
erections decrease at testosterone levels below 11 nmol/L [183]. With testosterone
concentrations under 8 nmol/L, men have been found to have reduced sexual desire and

erectile function and an increase in depression [183, 201, 202].

1.2.5.1. Testosterone and Sexual Desire

Sexual desire has been reported to reduce at a variety of thresholds, including 8, 10, 11, 12 and
17, 20 nmol/L [183, 203, 204]. Adding to this uncertainty, two separate studies in which
testosterone levels were artificially adjusted in healthy young eugonadal men found opposing
results, with one reporting no association with levels of serum testosterone and measurements
of any sexual function parameter [205] and the other finding a significant reduction in the
amount of sexual desire, number of fantasies and frequency of sexual encounters [206].
Although reports regarding the relationship between testosterone levels and sexual desire have
been inconsistent, the majority point to a link between the two. Compared to age matched

controls, for men with testosterone lower than 9 nmol/L, dyadic but not solitary, sexual desire
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was reduced [207]. In a study of 1632 men, sexual desire measured via self-report on a 14
point scale, showed a significant association with testosterone, however, the difference in
mean testosterone between those whom reported low sexual desire (defined as a score less
than 14) versus those whom did not, was small, with only 0.12 nmol/L difference between unit

increases of sexual desire [203].

In the 16" century, young boys, destined to become singers, were castrated prior to their voice
breaking, in order to maintain voices in the high octave ranges [208]. Depending upon the
timing of the spermatic cord being severed, these ‘castrati’ were known to have a complete
lack of sex drive if the procedure was performed prior to puberty [209], and presumably, before

adult testosterone levels were reached.

In more recent times, the effects of testosterone therapy on sexual desire have been
investigated. Meta-analyses of clinical trials of pharmacotherapy have shown a large effect of
testosterone supplementation on sexual desire, but only in those with low baseline levels [196,
210]. In one of the few studies examining both aspects of sexual interest, those with low
testosterone were found to have lower overall desire than a matched control group, however,
there was no difference in solitary sexual desire, that is, interest in behaving sexually by oneself
[207]. When these men were administered androgen therapy, dyadic sexual desire, the
interest in behaving sexually with a partner, increased to levels similar to that of the control
group. Additionally, solitary desire was increased compared to baseline, but was not different
than that of the control group [207]. Testosterone replacement, via patch or gel, for those with

low baseline testosterone has been shown to increase sexual desire. This increase has been
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found to occur once a low normal range of testosterone has been reached, and no further
increase was seen by increasing the serum level to beyond this threshold [211]. In a dose
finding study, 100 mg/day but not 50 mg/day was found to increase in sexual desire in

hypogonadal men [204].

When men with testosterone within the normal ranges are given supplemental androgens,
sexual desire has been found to be both unchanged and increased. In a placebo controlled
study of eugonadal men presenting with low sexual desire, testosterone was successful in
increasing desire compared to placebo [212]. A meta-analysis of 7 placebo controlled studies in
eugonadal men found that testosterone administration slightly increased sexual desire [213].
When supraphysiological doses were given to eugonadal men in a study investigating androgen
use in contraception, an increase in sexual desire without a corresponding change in sexual
encounters occurred, however this increase was attributed to one individual, without whom
the result was no longer significant [214]. However, in a randomised controlled study, in which
eugonadal men with ED received exogenous testosterone, increases in sexual desire were
reported, but these were not statistically different than placebo [215]. An explanation posed
regarding the relationship between testosterone and libido is that there is not a linear
relationship at which there is a threshold level above which desire increases, rather, relative to
regular levels, a transient increase in circulating hormones may be a more influential factor

[213].
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1.2.5.2. Testosterone and Erectile Function

The two forms of erection, those occurring as a result of sexual stimulation and those occurring
during sleep, appear to have differing relationships with testosterone levels, although this is not
a consistent finding [71, 216]. In two studies, erections in response to stimuli were not affected
by levels of testosterone, however those occurring during sleep were [217, 218]. In a case
series of seven transgender individuals, undergoing male to female gender reassignment, the
suppression of testosterone through oestrogen therapy was accompanied by a distinct, but

statistically insignificant, reduction in erections during both wake and sleep [219].

The relationship with erections during wakefulness due to stimuli with testosterone levels are
not clear, with studies differing regarding the relationship between erectile function and
testosterone. A large population study (n=1071) found there was no difference in serum total
testosterone levels between groups classified as having or not having ED [220]. Additionally, a
large population study (n=1195), showed that severe, but not mild, ED, had an increased risk of

a low testosterone level [221].

Pharmaceutical studies allow an insight into the relationship of testosterone with erectile
function. In a small (n=10) early study of five men with low sexual interest and five men with
erectile dysfunction, testosterone did not improve erectile function compared with placebo
[212]. In a systematic review and meta-analysis of placebo controlled trials of testosterone use
a small improvement in erectile function was found, however, there were several unexplained
and inconsistent results within these studies [196]. Similarly, a meta-analysis of 17 clinical trials

showed an inverse relationship between testosterone levels and erectile function, however,
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they identified several caveats regarding these effects being mediated by baseline levels,
duration of treatment and identified a lack of information on long-term safety of androgen

therapy [213].

For nocturnal erections there appears to be a closer relationship with testosterone levels. In an
early study reported in 1977, simultaneous measurement of penile tumescence via a mercury
strain gauge and testosterone by 10-20 minute blood sampling found a relationship between
the two, although this crude study did not correlate the two using modern methods [222]. A
few years later, similar measurements were taken in men with lifelong problems with erections,
and found no relationship between REM cycles, testosterone and tumescence, however, those
with erectile difficulties exhibited both reduced testosterone and reduced nocturnal erections
compared to controls [223]. In a study of five men with epilepsy and low testosterone, and five
age matched controls, penile activity during sleep was found to be correlated with free
testosterone levels [224]. Similarly, in a study of hypogonadal men, lower levels of testosterone
were associated with nocturnal erections that were either absent, or of very low amplitude and
duration compared to controls [225]. For eight healthy young eugonadal men, a single injection
of testosterone increased the rigidity but not the duration of nocturnal erections compared to
placebo [226], however, this is not replicated in another similar study finding no such change
[227]. Aspects of sleep related erections had varying levels of association with testosterone
when measured in 201 men including both hypogonadal and eugonadal participants. This study
concluded that the testosterone threshold for sleep related erections is less than that of the
lower end of normal range [228]. In agreement with this concept is a study that found the

threshold for nighttime erections to be lower than that of sexual intercourse frequency and
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sexual desire, however this study found a higher threshold, within the normal range, that of
around 14nmol/L [204]. The effect of testosterone supplementation upon nocturnal erections
appears to take some time, according to one study, in which, despite a rapid (3 months)
increase to normalised levels of serum testosterone concentration, nocturnal erections
increased steadily over 6-12 months of testosterone supplementation [225]. In contrast, the
association between testosterone levels and nocturnal erections was assessed in hypogonadal
men immediately after dosage of androgen supplementation and 7-8 weeks later, which found
that with the declining levels of circulating testosterone, a reduction in nocturnal erections in
terms of rigidity and duration was seen [229]. In a group of 29 men with COPD, not selected for
baseline levels of testosterone or erectile function, testosterone supplementation was
administered in a study examining the effect on body composition and pulmonary function.
Improvements in overall sexual function as well as erectile function were noted, however, the
difference between the treatment group and the placebo group was largely due to a decline in
both testosterone levels and sexual function in the control group, suggesting testosterone may

prevent decline, rather than improve function in this population [230].

The pathway between low testosterone and impaired erectile function has not been
established [200], however, some animal evidence suggests that testosterone may regulate
nitric oxide mediated validation in the vasculature of the penis [20]. Indeed, one human study
has found evidence for a relationship between cavernous vasodilation and free testosterone in
men with ED, using dynamic colour duplex ultrasound to distinguish between arteriogenic or
corporeal venocclusive or psychogenic erectile dysfunction [21]. Low testosterone may be

found in conjunction with ED, however, it may not be the only contributing factor, with only 5-
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15% of those with ED having a low testosterone level [216]. Indeed, not all patients with ED
and a low testosterone level have improvement in symptomatology with exogenous

testosterone administration [71].

In summary, the amount of androgen required to maintain sexual function is not well
established, and has individual variation. As a result, men with testosterone above or below a

pre-set threshold value may result in quite different presentations.

1.2.6. Testosterone and Neurocognitive function

The role of testosterone in neurocognition is complex and not completely understood [231].
Various studies, using different methodologies to measure cognitive function under differing
conditions, age, levels of baseline cognitive functioning, age and duration of treatment, as well
as a unclear definition of testosterone deficiency, have so far found inconsistent results
regarding the exact influence that testosterone has upon cognition. Supporting the notion that
testosterone can have effects on cognition are some observations of brain biology and function.
Androgen receptors are found in brain regions responsible for learning and memory, which may
mean that testosterone can influence cognitive processes [231]. Indeed, higher levels of
testosterone were related to increased amygdala activation in men as measured by brain
functional magnetic resonance imaging (fMRI) during mental work, which translated to better
memory performance [232]. An intentional reduction of testosterone in prostate cancer
patients revealed a reduction in activation of the right parietal-occipital region of the brain,
compared to baseline, during periods of spatial reasoning and memory tasks on fMRI, in the

absence of detriments in performance [233]. Additionally, cerebral perfusion has been noted
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to be predicted by the level of free testosterone and also to increase with testosterone
supplementation when measured by single-photon emission computed tomography [234, 235].
By artificially adjusting testosterone levels in healthy young eugonadal men, no association was
found with levels of serum testosterone and measurements of spatial cognition [205]. Very few
studies have investigated younger, healthy men, rather, the majority of studies regarding the
association between neurocognition and testosterone have focused on elderly men [231]. In a
large (n=407) longitudinal study, higher levels of free testosterone were associated with higher
scores associated with visual and verbal memory, as well as visuospatial functioning [236]. In
this study, men classified as being hypogonadal had lower scores on memory and visuospatial
performance than those who were eugonadal [236]. In the Massachusetts Male Aging study,
there were associations between all measures of cognition with free testosterone; however,
this effect was not significant once adjusted for age [237]. In another study of 54 men aged 61-
77 years, testosterone was shown to be associated with working memory in but not with spatial
abilities, verbal memory and visuomotor processing speed, however the influence of age was
not reported [238]. In men aged 40-80, lower bioavailable levels of testosterone were
associated with lower scores on processing capacity and speed, whereas executive function and
memory showed only a weak correlation [239]. After stratification, only those in the oldest age
group, 71 — 80 years, were found to benefit from higher testosterone levels in processing

speed, executive and global cognitive function but not memory [239].

Some studies have found a quadratic (U-shaped) relationship between testosterone and
cognition, suggesting an optimal hormone range for particular cognitive tasks [240, 241]. Older

males aged 59 - 89 years were found to have a U-shaped relationship between total
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testosterone and the World backwards test, as well as free testosterone with the visual
reproduction test. Both a linear and a quadratic relationship were found for mental control and
verbal memory with free, but only a linear relationship with total, testosterone. The magnitude
of these relationships may have, however, been affected by a 5 year interval between blood

sampling and cognitive testing [240].

The effect of androgen supplementation on neurocognition has received a reasonable amount
of attention, with differing results. Recent work in older men found no change in executive
function, memory and spatial cognition with physiological or supraphysiological doses of
testosterone [242, 243]. Similarly, in women with surgically induced menopause, testosterone
levels were not found to be correlated with cognitive performance as measured by digit symbol
substitution task, paired and free recall, or the presence of cognitive fatigue [244]. In contrast,
improvements in spatial memory, special reasoning and verbal fluency were seen with
testosterone administration compared to placebo in a small (n=25) study [245]. Several other
small studies have reported improvements in memory and spatial cognition for older men
treated with androgen supplementation but with only those who had an initial lower level of
testosterone [246, 247]. Supporting the data showing a U-shaped relationship of testosterone
and cognition in non-supplemented men, moderate to large increases (11 - 50 nmol/L) in serum
testosterone were associated with improvements in verbal and partial memory in older men
from the community given supraphysological doses of testosterone, however, those with either
very large (>51 nmol/L) or low (<10 nmol/L) increases did not show such change [248].

Similarly, higher levels of testosterone in 30 elderly men were associated with a decline in
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learning in regard to verbal fluency with testosterone treatment, but not in other verbal or

spatial tasks [249].

The use of anabolic steroids in those aiming to increase testosterone levels with resultant
increases in muscle mass or athletic performance has increased in the last 30 years [250, 251].
Users can reach supraphysiologic testosterone levels at least 50 times the level of normal adult
male, including a case described having serum testosterone level of over 700 nmol/L [252].
These men may be at risk of cognitive deficit, with visuospatial memory of steroid using weight
lifters in a small study (n = 31) shown to be significantly worse than in their counterparts whom
did not use steroids. No difference was found for reaction time, rapid visual information
processing or immediate free recall [252]. Again this may support the theory of a U-shaped

relationship and an optimal functioning level of testosterone.

1.2.7. Testosterone and Quality of Life

Few studies have investigated the relationship between testosterone and quality of life
measurements such as the SF-36 quality of life assessment tool. In a population study of 47
older men, of which 57% had testosterone levels lower than the normal range, no relationship
was found between testosterone and scores in any domain of the SF-36 [253]. In a study of
3369 older (age 40-79 years) men, testosterone levels were associated with the Beck
Depression Inventory and individual questions of the SF-36, although the SF-36 domain scores
were not reported [183]. The questions reported to be associated with testosterone levels
were related to vigour, walking more than 1km, bending and stooping, feeling downhearted,

loss of energy and fatigue. Further analysis of these individual questions found a threshold of
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below 13nmol/L to significantly increase the likelihood of having reduced vigour. Similarly, less
than 160pmol /L of free testosterone increased the probability of feeling down and of having
increased fatigue. These results suggest that there may be varying thresholds for the
appearance of androgen deficient symptoms in the general male population. Several studies of
pharmaceutical intervention have reported improvements in differing domains of the SF-36 due
to testosterone replacement [254, 255], however, other studies have found either no or
minimal improvement in these domains [256-260], again suggesting a heterogeneous

relationship with testosterone.

1.2.8. Testosterone and Cardiovascular Disease

Men have a higher risk of cardiovascular disease than women, suggesting testosterone being a
mediating factor in this relationship [261-263]. However, this is not a linear, or clear,
association [19, 148, 263-268]. Both a low level of endogenous testosterone as well as the
administration of exogenous testosterone appear to have an increase in cardiovascular risk, but
there is no clear evidence that restoring low testosterone to normal levels increases the
likelihood of cardiovascular disease [261, 264]. A recent review, has identified testosterone to
have some protective effects against cardiovascular disease, in regard to the properties of
being a vasodilator, anti-inflammatory, anti-atherosclerotic, and anti-coagulant agent [269].
Likewise, a meta-analysis of 19 studies showed older, but not younger, men were weakly
protected by a higher level of endogenous testosterone [267]. A cross—sectional analysis of 54
studies showed that those with cardiovascular disease had lower levels of testosterone than

those without, however, concluded that the association may or may not be that of cause and
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effect [265]. An often cited study was terminated early due an increase in cardiovascular
complications in those men randomly assigned to receive testosterone supplementation [270].
Indeed, a meta-analysis of 27 clinical trials of testosterone found a greater risk of cardiovascular
events for those taking active testosterone compared to placebo, with a greater risk in non-
pharmaceutical funded clinical trials compared to those funded by pharmaceutical companies
[271]. A recent retrospective study in men who had undergone coronary angiography found a
5.8% higher incidence of cardiovascular events in men whom had received testosterone
therapy [268]. Similar reports of increased cardiovascular events have been described in men
taking anabolic steroids for sporting enhancement [272]. On the other hand, other authors,
including those whom have performed meta-analyses, have not shown this relationship and
reported testosterone replacement therapy as having no or little effect on cardiovascular
events, but observed that the quality of this data is less than ideal, due to the short duration of
the studies, lack of allocation concealment, and the small numbers of both events and
participants [264, 266, 273]. Several authors consider the current literature, particularly in
older men, to be inadequate to accurately assess the risks of testosterone therapy on

cardiovascular outcomes [191, 264, 266, 273].
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1.3. OBSTRUCTIVE SLEEP APNOEA

1.3.1. Description

Obstructive sleep apnoea (OSA) is a sleep disorder characterised by repetitive periods of
complete absence (“apnoea”) or reduction (“hypopnoea”) of respiration caused by a narrowing
of the upper airway. Periods of apnoea and hypopnoea are accompanied by futile respiratory
effort against a constricted upper airway [274]. This is terminated by a brief arousal from sleep
which clears the airway blockage and normal breathing is resumed. As a result, there are
repeated disruptions to sleep continuity, drops in blood oxygen levels, momentary increases in
blood pressure, and numerous other parasympathetic and sympathetic responses. These
pauses in breathing can occur up to several hundred times during the sleep period, causing in a

variety of physiological, psychosocial and psychological outcomes.

The most common symptoms of OSA are snoring and excessive sleepiness. Bed partners, family
members and travelling companions of the patient often observe and report episodes of
snoring and apnoea [275]. Other features include unrefreshing sleep, nocturia, dry mouth,
mood disturbance, morning headache, poor concentration, fatigue, choking or gasping,

recurrent awakenings during sleep and erectile dysfunction [276-278].

1.3.2. Diagnosis

The International Classification of Sleep Disorders defines OSA as, in the absence of any other

disorder, having more than 5 respiratory events (apnoeas, hypopnoeas and respiratory effort
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related arousals) per hour was well as clinical symptoms. If no symptoms are present, more
than 15 respiratory events per hour are required to make the diagnosis [279] and can be

referred to as obstructive sleep apnoea syndrome (OSAS).

The most thorough method to clinically document OSA is full attended in laboratory
polysomnography [280, 281]. This test involves overnight observation at a sleep laboratory
while several physiological parameters are concurrently recorded during sleep. Typical
monitoring configurations to identify sleep stages and arousals from sleep include
electroencephalography (EEG) and electrooculography (EOG) and electromyography (EMG).
Respiration parameters are recorded using plethysmography to monitor respiratory effort,
pressure and temperature changes for nasal and oral respiration and pulse oximetry for blood
oxygen saturation. Recordings are analysed and summated to describe sleep efficiency, the
amount of time in different sleep stages, namely Rapid Eye Movement (REM) and non-Rapid
Eye Movement (NREM) sleep, degree of hypoxia and the frequency of cortical arousal and
breathing irregularities per hour of sleep [282]. Monitoring sleep in the home environment is
becoming increasingly prevalent due to improvements in technology, validation and acceptance

[283].

The severity of OSA is generally based on the frequency of apnoeas and hypopnoeas per hour,
known as the apnoea hypopnoea index (AHI), with less than 5 breathing disturbances per hour
considered normative, from 5 - 15 mild, 15 - 30 moderate and more than 30 is considered

severe OSA [276]. The respiratory disturbance index (RDI), is often used interchangeably with
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AHI, however, this former term should be used when apnoeas, hypopnoeas as well as

respiratory event related arousals per hour are reported [282]. Prevalence

The definition of OSA is somewhat inconsistent across studies, which can contribute to
variation in prevalence rates. Dividing a population into the presence and absence of OSA can
be influenced by the equipment used, analysis techniques employed, AHI selected and the
decision to include or exclude associated symptomatology [284-288]. Notwithstanding, by any
criteria, obstructive sleep apnoea is a relatively common condition with all the hallmarks of a

chronic condition [289].

A study commonly cited describing the prevalence of obstructive sleep apnoea is that of Young,
1993 [286]. In this study, OSA, defined as an AHI of more than 5 per hour as well as concurrent
excessive daytime sleepiness, occurred in 4% and 2% of middle-aged western men and women
respectively. Based on polysomnographic criteria alone, an AHI of greater than 5 exists in
approximately 24% and 9% of men and women respectively when measured more than 20

years ago [286]. This prevalence rate is likely to have increased [287].

1.3.4. Risk Factors

One of the main risk factors for developing OSA is excessive weight. Longitudinal data
regarding obesity showed a dose response relationship, with a 1% increase in weight being
associated with a 3% increase in the AHI [290], hence, the current obesity epidemic will
translate into a greater number of individuals with OSA. A recent study in 400 women from the
Swedish community (age 48 years, BMI 25kg/m?) found that 50% had an AHI greater than 5,

with BMI and age being the major contributors to incidence rates [291]. On average, world-
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wide, body mass index (BMI) has increased by 0.4 kg/m’ per decade over the last 30 years
[292]. The United States has the highest average BMI of high income countries, with an
average of 28.4 kg/m?, with 69% of the population classified as being overweight (BMI>25) and
35% being obese (BMI>30) [292]. Australian body habitus is almost as large, with 60% classified
as being overweight and 25% obese [293]. This increase in body size is particularly more
prevalent for men, with a yearly increase in the rate of obesity by 0.8%, with no such change for
women [294]. Although not currently directly documented, the prevalence rate of OSA is likely
to increase given the rising rate of obesity and the link between these two conditions [287,
295]. Incorporating the recent trajectory in obesity, a strong causal factor for OSA, using the
same AHI and symptomatology criteria as Young’s study, the current estimate of OSA

prevalence rates is 14% of men and 5% of women [286, 287].

Increasing age inflates the incidence of OSA [296, 297]. In a study of 741 men, using a
definition of an AHI greater than 10, OSA existed in 3.2% of those aged between 20-44 years,
11.3% of 45-64 year olds, and 18.1% in the oldest category, ages 65-100 [296]. When these
polysomnographic findings were combined with clinical features of at least one symptom, OSA
syndrome was prevalent in 1.2%, 4.7% and 1.7% respectively [296]. As this study suggests, as
does several others, there is a high prevalence of obstructed breathing during sleep in the
elderly, however, this is not accompanied by clinical symptoms [295, 298]. Possible
explanations suggested for this incongruence include theories that OSA in older age may be a
condition distinct from that of middle age, or that those who exhibit symptoms have not
survived to older age [299]. Indeed, mortality data from the long term Bussleton study shows

that the presence of OSA is indicative of early death [300].
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Physical anatomy can contribute to the narrowing of the upper airway and thus the risk of
developing OSA. There is an increase in the risk of developing OSA for those with increased
neck size, enlarged tonsils (particularly in children), anomalies of the craniofacial structure or
upper airway soft tissue and nasal congestion [301-306]. Alcohol intake can also reduce upper

airway muscle tone, increasing the likelihood of OSA [304].

Hormonal factors have also been suggested to influence the incidence of OSA. The higher
prevalence of OSA in males has been suggested to be due to higher testosterone levels [306,
307]. Women experience many hormonal changes as part of the menstrual cycle, pregnancy,
menopause and hormone replacement therapy. All of these circumstances have been shown to
impact upon levels of sleep disordered breathing [307-310]. In a case report, a woman with a
testosterone producing tumour with higher than expected levels of testosterone was found to

have significant OSA, which resolved once the tumour was removed [311].

1.3.5. Consequences

Untreated OSA is associated with a number of established outcomes, including excessive
daytime sleepiness, increased cardiovascular risk, mood disturbance, neurocognitive deficit,
hormone imbalance and impaired sexual function. OSA is independently associated with
increased risk of all-cause mortality [300, 312], cardiovascular mortality [312-314] and
cardiovascular events [313, 315]. Hypertension, heart failure, coronary heart disease, stroke
and arrhythmia are all established consequences of OSA [299, 316-318]. Additionally, those
with OSA may also be at greater risk of diabetes [319], through the increase of glucose

intolerance and insulin resistance [320, 321] in this population.
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One of the most common daytime symptoms of OSA is excessive sleepiness. Those with OSA
have been shown to be sleepier than well matched controls, however the relationship between
severity of OSA and sleepiness levels are weak [286, 322]. The level of sleepiness in an
individual can often be difficult to ascertain through clinical evaluation [323]. Subjective
methods for quantifying sleepiness are available. Sleepiness over recent times can be
subjectively measured in using the Epworth Sleepiness Scale (ESS), first described by Johns 1991
[324]. This self-reported 8 item scale assesses the likelihood of falling asleep in various
scenarios commonly encountered in daily life, such as sitting and reading, watching TV and lying
down in the afternoon. Subjects are asked to rate the chance of falling asleep in each
circumstance from 0 (no chance of dozing) to 3 (high chance of dozing). The scores are tallied
to give a total between 0 — 24, with those above 12 indicating excessive sleepiness [325]. The
ESS focuses on levels of sleepiness over the preceding two weeks and can be used to
subjectively quantify sleepiness and assess change due to treatment effects [325]. Two
measures of ‘present moment’ sleepiness are available for use in the research setting. The
Karolinska Sleepiness Scale (KSS), a single item with nine possible responses is presented to
respondents to assess instantaneous levels of subjective sleepiness from 1 (extremely alert) to
9 (extremely sleepy — fighting sleep) [326]. Higher scores represent greater subjective
sleepiness and have been correlated with behavioural and EEG changes [327]. The Stanford
Sleepiness Scale (SSS) is also a single item measurement of sleepiness with seven possible
responses ranging from 1 (feeling active and vital; alert; wide awake) to 7 (almost in reverie;
sleep onset soon; lost struggle to remain awake) [328, 329]. This score assesses momentary

levels of sleepiness and can be used repeatedly to measure changes across the day [329].
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1.3.6. Impact on Quality of Life

Patients with OSA often experience an impaired quality of life [330-332], and this impairment is
often the reason for seeking and possibly adhering to treatment [331]. General quality of life
can be measured using the Short Form 36 (SF-36) questionnaire, which can be compared to
number of reference ranges, including the largest set obtained from over 13,000 subjects from
the United Kingdom [333, 334]. A large sleep related study (Wisconsin Sleep Cohort) of a
general population found the entire group to have similar results to that of the English
reference range, however, those with even mild sleep disordered breathing had much lower
general health comparable to that experienced with other chronic disease states such as
arthritis and diabetes [335]. Another study found that, compared to the normative population,
those with OSA scored lower in all domains of physical function, mental health, role limitation,
pain, general health, vitality and social function [336]. The latter two domains were noted to be
the most significantly different [336]. Of all the domains in the SF-36, that of vitality has been
reported by one study to be the most affected in those with OSA [337]. Likewise, vitality was
shown to be the only domain correlated with OSA severity in the Sleep Heart Health study
[330]. Some studies have shown no or minimal correlation of any numerical parameter of OSA,
such as AHI or minimum oxygen levels, with the scores of any domain of the SF-36 [332, 338],

which may suggest an interpersonal difference in susceptibility to symptoms.

A disease specific quality of life measurement, the Functional Outcomes of Sleep Questionnaire
(FOSQ) has been developed to identify the functional impact of sleep disorders on quality of life
[339]. This consists of five subscales (Vigilance, Activity, Intimacy and Social Relationships,

Social Outcome and General Productivity) as well as a total score and can successfully
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distinguish between those seeking treatment for a sleep disorder and the normal population

[339].

More than half of patients with OSA have depression, either doctor diagnosed or via
guestionnaire [340]. This may not be a direct link, however, rather this may be a result of the
reduced quality of life seen in OSA [338]. Correlation of ESS and quality of life scores with
depression scores have been documented, but the only parameter of OSA found to have an

association with levels of depression is hypoxaemia [338, 340].

Manifestations of OSA, such as sleepiness, mood changes and irritability [341] may collectively
impact on mental health and interpersonal relationship quality with one’s spouse. Indeed one
of the earliest descriptions of OSA in a case series of 25 men included marital breakdown as one
outcome of sleep apnoea [342]. In a study of obese men in Sweden, men with OSA and
excessive sleepiness were found to be 3 times more likely to be twice (or more) divorced than
those with neither OSA or sleepiness [343]. A later study showed that men with OSA are almost
3 times as likely to sleep separately from their wives [344]. In this study there was no
difference in marital satisfaction between those with and without OSA, and it was speculated

that by sleeping separately, marital harmony was maintained [344].

1.3.7. Treatment of OSA with CPAP

Continuous positive airway pressure (CPAP) is the standard first-line treatment for OSA. CPAP
delivers pressurised air via a mask which splints the upper airway open during sleep and re-
establishes normal breathing and sleep patterns. In several reviews focusing on the efficacy of

CPAP, this treatment is recognised as being effective in eliminating airway obstruction in sleep,

-44 -



thereby improving daytime sleepiness, blood pressure levels and quality of life [345, 346]. In a
10 year observational study found that, compared to healthy controls, men with untreated
severe OSA had a higher risk of fatal and non-fatal cardiovascular outcomes, and CPAP use
reduced this risk [313]. In OSA patients whom have already had a stroke, CPAP has been shown
in a 5 year follow up study to reduce mortality, compared to those who did not use CPAP [347].
Potentially, this reduced risk of cardiovascular disease may be attributable to a reduction in
blood pressure. A meta-analysis of 10 pooled randomised controlled trials found a statistically
significant reduction with CPAP, however, this reduction was small, in the order of 1-2mmHg,
but was more substantial in subjects with more severe OSA, resulting in a 2-3mmHg reduction
[348]. Currently, a multicentre, long term study on cardiovascular outcomes (SAVE study) is

underway to determine the efficacy of CPAP in the prevention of cardiovascular disease [349].

Although the efficacy of CPAP on health outcomes is high, adherence to CPAP usage is low. The
World Health Organisation defines adherence as “the extent to which a person’s behavior ...
corresponds with agreed recommendations from a health care provider”. In a meta-analysis of
adherence to recommended medical treatment, categorised by 17 different disease conditions,
compliance to therapy for sleep disorders was the lowest of all disease categories (65%).
Complexity of the treatment regimen was suggested as a reason for low adherence [350]. Ina
Cochrane review, the highest reported average nightly usage in any randomised trial was 5.9
hours per night for all participants [346]. This is likely to represent best case scenario. A
commonly used definition of adherence is that of a minimum of four hours every night. This
duration was found to be the threshold at which longer use was unlikely to result in further

improvements in levels of sleepiness [351]. Using this definition, only 46 — 83 % of patients
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would be considered adherent in a variety of reviewed trials [352]. Given that even one night
without usage results in the recurrence of OSA [353], studying the effects of CPAP on health

and social outcomes may be limited by participants adherence to CPAP therapy.

Partner influence on CPAP adherence can be both beneficial and detrimental. Patients in one
study whom had sought treatment for OSA due to their spouse rather than being self-referred
were less adherent to CPAP therapy [354]. Relationship quality also has an influence, with
levels of conflict in the relationship, as well as perceived pressure from partners, having an
inverse relationship with hours of CPAP use [355, 356]. In comparison, another study showed
that those patients whom were living with a partner tended to have a higher adherence rate to
treatment, with an odds ratio of 1.5 of being adherent (>4hours/night) with CPAP therapy
[357]. In a small, 2 week study, the number of nights in which a man with OSA slept in the
same bed as his wife was positively correlated with CPAP adherence [358]. In a longer term (6
month) sham controlled study, those who were more adherent to therapy, in both active and
placebo arms, were more likely to be married [359]. Indeed having a partner at home has been

identified as being a positive predictor in adherence to therapy [360].

CPAP treatment has repeatedly been shown to reduce sleepiness, more so for patients whom
were sleepier pre-treatment [346]. Improvements were seen on ESS scores in a long-term
randomised controlled study using sham CPAP, particularly in those who had moderate-severe
OSA and who were more adherent to therapy [359]. In mild OSA (AHI 5-15) a randomised

control study using an oral placebo, CPAP treatment showed a greater improvement in ESS than
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that of placebo, however stratification showed those with very mild OSA (AHI 5-10) did not

show such improvement [361].

Improvements in other parameters of quality of life have also been noted in CPAP use,
particularly for those who experience more symptoms pre-treatment [346]. A meta-analysis of
16 studies using the SF-36 questionnaire found that CPAP does not improve general quality of
life, however it does improve physical function and vitality [362]. Some studies have found

these improvements to be more pronounced for those who adhere to CPAP therapy [361, 363].

In regards to sleep specific quality of life, the Functional Outcomes of Sleep Questionnaire
(FOSQ) has been used in a several sham CPAP controlled studies, finding improvements in
vigilance [364-366], general productivity [364, 366], activity level [365, 366] and social
outcomes [365]. However, no improvement in any domain in the FOSQ was seen for patients
with moderate OSA (AHI 10-30) in a conservative treatment (weight loss and sleep hygiene)
controlled study [367]. In a study assessing dosage, that is, CPAP adherence, with overall FOSQ
scores, increasing usage of CPAP saw greater improvements in the number of patients with

normative scores, up to 7 hours usage, after which, no further improvement was seen [351].

Improvements in depression scores have been noted even with low usage of CPAP (2.8 £ 2.1
hours) compared to an oral placebo [361]. In contrast, in another oral placebo randomised
controlled study of those with mild-moderate (AHI 5-30) OSA, no change was seen in any
parameter of the SF-35 or FOSQ questionnaire by the use of CPAP [368]. Limitations in
interpreting this result include low usage of CPAP (3.5+2.1 hours/night) and a placebo effect

was noted in the control arm, which may have contributed to this result [368]. However, a sub-
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analysis of those whom were adherent to CPAP therapy (>4hours) also showed no
improvement in any domain of the SF36 or FOSQ questionnaires in this mild OSA group [368].

Potentially this may be due to lower symptomatology in this group.

Relationship quality may improve with CPAP use, with one study showing CPAP users,
compared to those recommended conservative treatment in the same sleep clinic population,
found to show improvements in marital satisfaction, happiness and communication, all of
which were correlated with CPAP usage, as well as a reduction in frequency of conflict in the
relationship to reduce with adequate CPAP use [355, 369]. A potential contributor to an
improved relationship may be due to an improved quality of life for the patient but also due to
a better quality sleep for the partner if they share sleeping space. Both patient and partner
have been shown to be less sleepy after the implementation of CPAP therapy, as measured by
the ESS [363]. After the commencement of CPAP therapy, bed partners of CPAP users have
been shown to improve in both objectively measured sleep efficiency and subjective sleep

quality [370].
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1.4. SLEEP AND SEXUAL FUNCTION

Sleep and sex are both essential human experiences. Several medical conditions exist in which
sleep and sex intertwine, such as Kleine-Levine Syndrome, in which periods of
hypersomnolence occur in conjunction with hypersexuality [371]. Links between REM sleep
deprivation and sexual behavior changes have been noted in animal models. Sleep deprived
rats have been shown to have increased erectile function with 24 hours of no REM sleep, but
this phenomena declines after 96 hours of REM sleep deprivation [372]. Sexsomnia, a distinct
parasomnia in which sexual acts are performed during sleep, has received increased attention
through case reports, although research is lacking [373, 374].  No intervention studies on
humans have investigated the influence of sleep deprivation on sexual function have been
reported. Cross-sectional data investigating lifestyle driven sleep restriction in teenagers has

shown increased risk taking behaviour, including sexual activity related behaviours [375].

1.4.1. Sleep and Testosterone

There is increasing recognition of the role sleep plays in metabolic and endocrine processes.
The circadian pattern in the release of testosterone is so well established that standard
practices require blood samples be taken at the same time of day — early morning — to ensure

the sample reflects the peak testosterone level achieved throughout the day [148, 155].

During sleep, surges of testosterone are seen when frequent (every 10-20 minutes) blood
samples are drawn [376, 377]. A testosterone surge is initiated by a rise in luteinising hormone,
which has been shown to peak around 2 hours prior the peak of testosterone, however, this

diurnal variation is not seen for those administered exogenous testosterone [378].
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Confirmation of a relationship between sleep stages and testosterone has not yet been fully
documented. Some studies relate a surge in testosterone with sleep onset, others relating it
with REM sleep, still others report no relationship with any sleep stage [376, 379, 380]. One
small study of 6 healthy males found vast interpersonal variability with regards to hormone
pulsatility, with these pulses maintained for the individual over time [381]. One limitation with
the correlations made between sleep stages and testosterone release is the differing sampling
rate between the two parameters. Sleep studies are analysed on the basis of each 30-second
block, each allocated a particular stage of sleep, which are dynamic and can change frequently
around a basic regular pattern in a healthy adult. Blood samples were collected every 30
minutes in some protocols, during which time it is feasible that several sleep stages had
occurred between samples. The closest blood sampling time interval to that of the 30 second
sleep staging is that of 2.5 minutely. This study described testosterone increases as being
tightly related to sleep stage, in that surges occurred 2.5 minutes prior, and up to 25 minutes
after, sleep “deepened” but fails to describe which sleep stage, named in the conventional

manner, this refers to, but may refer to NREM sleep in general [382].

Testosterone concentrations are at their peak at the beginning of the waking day, and fall as
the day progresses [383]. To determine whether this is circadian or sleep stage dependent,
several studies have misaligned sleep and circadian phase. One study allowed 7 minute sleep
opportunities within every 20 minutes, which allowed for a normal sleep total duration over a
24 hour period. This study found that although the levels of testosterone remained the same
as during continuous sleep, testosterone secretion was delayed, and was only exhibited by

those who had REM sleep during the short sleep bout [384]. In another study, which
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misaligned sleep periods so that sleep occurred during the day, testosterone was found to be
highest after a full sleep period, whether that was during the day or night, and circadian effects
were only marginal [385]. This concept of testosterone secretion being mediated by sleep is
confirmed by studies relating reduced sleep efficiency, or reduced time spent asleep with
reduced testosterone levels. In extreme cases, such as several days of sleep deprivation in
military operations, androgen levels have been reported to fall as much as 70-90% [386].
Reduced testosterone levels have been associated with decrease in sleep efficiency, sleep
duration, lower number of REM sleep episodes and altered REM sleep latency [387, 388],
however, this finding is not consistent, with another study of healthy men with artificially
reduced testosterone levels showing no change in REM duration or latency [227], suggesting a
unidirectional relationship of sleep influencing testosterone. This relationship, however, is not
consistent, with other authors finding no such association between sleep duration and
testosterone levels [389]. At the other end of the spectrum, supraphysiological doses of
exogenous testosterone have been shown to reduce sleep time, in the context of an increased

severity of OSA [260].

Suggestion has been made there may also be a seasonal variation in testosterone levels. For
example, 915 men living in Northern Norway, exposed to extremes of light and dark across the
year, were found to have peak testosterone levels in the winter and nadir in the summer, with
a range of 31% difference between them [390]. The same authors then studied a group of men
living in California, who are not exposed to such extremes of light and dark, and found no such
relationship [391]. A large (n=11,000) study in the south-west of United States of America,

which also lacks light extremes, categorized blood samples in a mens health practice by month
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and season, and found seasonal variation in oestradiol, follicular stimulating hormone, and sex
hormone binding globule, but not testosterone [392]. A recent review, however, was unable to

confirm or deny this relationship, given the vast amount of variables unaccounted for [393].

1.4.2. OSA and Testosterone

Potentially, there is a bidirectional relationship between testosterone and OSA — namely sleep
disordered breathing may reduce levels of testosterone and supraphysiologically high levels of
testosterone may increase sleep disordered breathing. Many symptoms of OSA and reduced
testosterone overlap, including low sexual desire, erectile dysfunction, mood disturbance and
lack of energy. A marked preponderance for males to develop obstructive sleep apnoea over
females is suggestive of a hormonal, namely testosterone, influence in the pathogenesis of this

condition.

An independent association between the presence of OSA and a reduced level of total
testosterone has been previously shown by several authors [384, 389, 394-396]. Compared
with snorers, those with OSA as measured via exhaled CO2 and pulse oximetry, were found to
have reduced levels of testosterone [389]. Similarly, reduced levels of testosterone were found
in a sleep clinic sample of those who had AHI greater than 5 compared with those with an AHI
less than 5, even after excluding those with diabetes, previous ED treatment, abnormal
hormonal status and endocrine disturbance, however, the level of testosterone did not differ
between those diagnosed with mild, moderate or severe OSA based on AHI [396]. Additionally,

although age did not differ between the two groups, those with an AHI greater than 5 had a
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higher BMI (32 vs 28), and since increased weight is known to reduce testosterone [157], this

result should be interpreted with caution.

A reduction in testosterone due to OSA may be due to a several factors. A proposed
mechanism for this relationship is the interruption to normal sleep related endocrine processes,
namely the pulsatility of luteinizing hormone and subsequent testosterone release [384].
Indeed repeated measurement of testosterone during sleep via frequent sampling (every 20
minutes) found a relationship between the degree of sleep apnoea in terms of AHI and reduced
bioavailable but not total testosterone, however this association was lost after adjusting for age
[387]. Sleep efficiency, was however, positively associated with circulating testosterone [387].
The frequent interruptions to sleep by OSA, may lead to a subsequent reduction in overall sleep
time obtained, which, as several authors have established, reduces testosterone levels [385,

397].

Alternately, the repetitive oxygen desaturation and resaturation which occurs due to repetitive
apnoeic events may be a contributing factor. This frequent intermittent hypoxia has been
associated with reduced serum testosterone [389], whereas other physiological measurements
associated with OSA, such as frequency of respiratory events or their associated arousals have
not shown any such association [389, 394]. Stratification of OSA severity by minimum
saturated oxygen levels showed a lower level of testosterone with those who desaturated to a

lower level, an association which remained after adjusting for age and obesity [398].

Many men with OSA will unfortunately remain untreated due to difficulties with current

treatment modalities. Adherence with the most effective treatment for OSA, CPAP, is poor,
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with estimated non-adherence rates of between 46-83 percent [352]. These untreated men, as
well as those yet to be diagnosed, will continue to exhibit symptoms and be at risk of the
cardiovascular consequences of OSA. Unfortunately, many symptoms of OSA are also common
to androgen deficiency — fatigue, low mood, poor concentration and erectile difficulties, which
may lead to treatment directed toward restoring androgen levels without addressing

underlying sleep apnoea.

1.4.3. OSA and Sexual Desire

The original mention in the scientific literature of sexual problems being present in those with
OSA is in Guilleminault’s paper describing 25 OSA cases in 1977 [342]. This paper refers to 48%
of men having “sexual problems” namely “impotence” and proceeds to discuss this in terms of
a reduction in both erectile function and sexual drive, which can create confusion for the

modern reader.

Some studies in the literature state that low sexual desire is a symptom of obstructive sleep
apnoea, a fact assumed to be so well-known that no reference is given [399, 400]. Many other
papers refer to Guilleminault’s paper as the proof that men with OSA have low sexual desire
[57, 401-404], however, there is a paucity of modern research utilising best practice techniques,
such as using validated measurement techniques and control groups to confirm this

relationship (see Table 1.1).

Studies which have looked at the link between OSA and sexual desire have been small and with
mixed results. In one survey study, which included only those men with partners, questionnaire

data was used to classify men into either mild, moderate or heavy snorers, and found no
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difference between these groups in terms of sexual desire [405]. In a study of men having
polysomnography for suspected OSA, no difference was found in regards to desire for
tenderness, intercourse or masturbation between those who did and did not have OSA,
however those whom had severe OSA (AHI>30) reported less masturbation than those in the
no, mild and moderate OSA groups [406]. Age was, however, found to be associated with a
reduction in desire [406]. In a study in which data was stratified by age, only in the age group of
40-49 years was there a difference in sexual drive between OSA and controls [407]. In a study
using questionnaire data to determine the presence of OSA, the group was divided into those
with low and regular sexual desire, and the group of low sexual desire were found to have a
greater likelihood of OSA than those in the regular sexual desire group [221]. Studies using the
Golombok Rust Inventory of Sexual Satisfaction questionnaire found that in the domain closest
to that of sexual desire, ‘nonsensuality’, no difference was found between those with OSA and
a control group, or between groups of no, mild, moderate and severe OSA [396, 408]. Only one
study has reported a relationship between the severity of OSA, in terms of lowest recorded
nocturnal Sa02 with a reduction of sexual desire [409]. In this study, there was a trend toward
a relationship with AHI (p=0.062) and mean Sa02 (p=0.062) when data was stratified into
quartiles [409]. One major symptom of OSA, sleepiness, may in theory affect sexual desire. In a
study of 176 men with OSA, 69% of participants reported reduced sexual desire due to
sleepiness, as measured in the FOSQ Intimacy and Sexual Relationships domain; however no
control group exists to compare this result [410]. Survey data in the US in 2008 (National Sleep
Foundation Poll) investigating this relationship found that 20% of people surveyed have sex less

often or have lost interest in sex because they are too sleepy [411].
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Clinical trials of treatment for OSA provide an insight into the effect of OSA upon sexual desire.
In a small study (n=12), men who had undergone surgery for OSA (uvulopalatopharyngoplasty),
those who reported low sexual desire pre-surgery via interview, reported improvements to
normal levels 3 months post-surgery [389]. The results from this study are limited since it was
uncontrolled, and had no numerical validated measurement of sexual function. In a larger
study (n=83) of men prescribed CPAP, those whom adhered to therapy over 3 years (n=56) had
improved sexual desire, as measured by the IIEF questionnaire, compared to those men whom
did not use CPAP as recommended [412]. This may have been due to the decline in sexual
desire in those whom did not use CPAP, but also, those who chose to continue with CPAP may
have done so because have received a greater treatment effect. In a separate study comparing
CPAP with a mandibular advancement splint, no improvement from baseline for either

treatment was found in any facets of sexuality other than ED after usage for 2-3 months [408].

The hypoxia experienced by those with OSA may influence levels of sexual desire. In mice
models, chronic intermittent hypoxia of reduction of oxygen in the air from 21% to 7% for 6
minutely intervals, leading to a minimum blood oxygen level of 76%, reduced the number of

sexual behaviours, although there was notable individual differences between mice [413].
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Table 1.1 Studies investigating OSA and sexual desire relationship

Author N Age (years) Desire OSA Measure | Results Comments
Measure
Guilleminault | 25 44 (25-65) Self- PSG 48% reported ‘impotence’ Terminology: “sexual problems”,
(1977) [342] report “impotence” and “abatement of
sexual drive” used
interchangeably.
Hoekema 96 OSA: 4949 (n=48) | GRISS PSG No difference in non-sensuality Treatment with either CPAP or
(2007)[408] Control: 4848 between OSA and controls MAS did not improve non-
(n=48) sensuality scores
Hanak 827 64 (51-90) BSFI Questionnaire | No difference in sexual desire Only men with partners included
(2008) [405] between non-snorers, moderate | in the study. Older age group.
snorers or heavy snorers
Stannek 158 OSA: 51+11 MMAS PSG No difference in sexual desire No difference in sexual desire
(2009) [406] (n=131) Control: between OSA and control. between OSA severity categories.
47114 (n=27) Age reduced sexual desire.
Budweiser 401 No ED: 50 (42,55) | IIEF-15 PSG No difference in sexual desire No differences between OSA
(2009) [409] ED: 62 (54,70) between OSA and controls severity categories.
Petersen 308 51+10 BSFI Limited PSG No difference in sexual desire No correlation with severity of
(2010) [407] (no EEG) between OSA and controls for OSA

ages 30-39, 50-69 Only at age 40-
49 years showed OSA less desire
than controls *
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Table 1.1 Studies investigating OSA and sexual desire relationship (continued)

and controls

Author N Age (years) Desire OSA Measure | Results Comments
Measure
Reishtein 123 46+ 8 FOSQ PSG 69% reported reduced No differences between OSA severity
(2010) [410] desire categories. CPAP treatment improved
number of men with reduced desire
compared to baseline (69% to 40%) **
Martin 1195 | 35-80 Sexual Maislin The probability of having | 13.5% of all men had low dyadic desire
(2012) [221] Desire Questionnaire | OSA increased risk of low | 68% of all men had low solitary desire.
inventory sexual desire.*
Ak (2013) 85 38+8 GRISS PSG No difference in non- No differences between OSA severity
[396] sensuality between OSA categories.

Note: *p<0.05, **p<0.01, Age data are mean + SD, mean (range), median (25th, 75th) or range. Abbreviations: BSFI = Brief Male Sexual
Functioning Inventory, ED = Erectile Dysfunction, FOSQ = Functional Outcomes of Sleep Questionnaire, GRISS = Golombok Rust inventory of
sexual function questionnaire, IIEF = International Index of Erectile Function, MMAS = Massachusetts Male Aging Study questionnaire,
N=number of study participants, OSA = Obstructive Sleep Apnoea, PSG = Polysomnography.
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1.4.4. OSA and Erectile Function

Many authors have interpreted Guilleminault’s original 1977 paper as being 48% of the 25 men
with OSA (n=12) had erectile dysfunction [342, 414-417]. Guilleminault further stated in a later
article which reported the success of tracheostomy as a treatment for sleep apnoea, that 44%
had erectile or ejaculatory difficulties, while 4% had impotence [418]. Some early case reports
in the early 1980’s of men with OSA also state that these patients had erectile dysfunction [419,
420]. In more recent times, there has however, been uncertainty regarding this link.
Prevalence studies have been conducted in patients presenting in general populations (see

table 1.2), ED clinics (see table 1.3), and sleep clinics (see table 1.4), with differing results.

One early study on 70 healthy older men (aged 45-74), recruited via media advertisement,
came to the conclusion there was no link between erectile dysfunction and sleep disordered
breathing [421]. This study however, used inadequate techniques to establish the presence of
OSA, such as the use of a single measurement of breathing via a thermister — now known to
have significant limitations — and no measurement of oxygen saturation levels. Later research
found this latter measurement relevant, in that oxygen saturation parameters were to be
strongly correlated with erectile dysfunction [409, 414, 422]. In another study of healthy
community based men, there was no association found between no, mild, moderate and heavy
snoring and either erectile function or sexual desire. Although snoring is not indicative of the
degree of apnoea, the authors however did find that heavy snorers tended to have reduced
sexual satisfaction compared to the non- and mild snorers [405]. A study of 3,363 defense

force personnel found an association between sleep quality and sexual function, including
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when data was adjusted for known risk factors of OSA and ED [423]. This correlation, however,
was not specific to OSA, rather sleep disorders in general, suggesting that other factors causing
sleepiness may also be a contributor to sexual dysfunction. Although questionnaire based
determinants of both erectile function and sleep disorders provide limited evidence, they

contribute to the overall understanding of the association.

The risk of developing ED in the context of OSA was determined in a recent large population
study of 467 men in the city of Sao Paulo, Brazil. For those men with an AHI of greater than 15,
the odds ratio of having ED was 2.75 times that of men who had an AHI of less than 15.
Similarly, for men who exhibited both an AHI of greater than 15 and symptoms of OSA, this risk

is 2.12 that of men without the OSA syndrome [57].

Patients presenting with ED to sexual health clinics, urologists, and other related services, have
been studied in relation to OSA. As recently as 1999, however, a comprehensive review of the
current literature regarding pathophysiology of ED did not list OSA as a risk factor, or mention it
in any context [50]. At around this time, ED was sometimes investigated using nocturnal penile
tumescence measurement during sleep in order to determine if ED was due to a physiological
or psychological problem [101]. A clinic in Florida performed only 37 such overnight studies
over 5 years (1990-1995) and found that 60-70% of men had an AHI of greater than 5 [424].
This may not be representative of prevalence rates since this convenience sample of an erectile
dysfunction clinic population, which may have advanced age, higher prevalence of diabetes and
other risk factors common to both conditions. Consecutive patients who presented at a urology

clinic were administered a Berlin questionnaire regarding symptoms of sleep disorders. Of
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these 285 men, 27% were considered to have a high risk for OSA. Initial univariate analysis
suggested snoring as being correlated with ED, however, once age and pre-existing medical

conditions were added to the analysis, there was no longer a correlation [416].

In men presenting to a sleep clinic, subjective sleepiness, a common symptom of OSA, as
assessed by the Epworth Sleepiness Score (ESS), was shown to be positively correlated with ED
severity on the IIEF questionnaire [425]. A study using a limited channel PSG (no EEG), and a
single questionnaire in 98 men with OSA, found 25% had ED, however, there were no
correlations between ED and OSA severities [426]. Men undergoing full polysomnographic
evaluation in sleep clinics have also been assessed regarding sexual function using a variety of
subjective questionnaires. Using an abridged form of the IIEF to evaluate erectile function, of
those 209 men with an RDI greater than 5, the occurrence of ED was higher than those with an
RDI of less than 5 [427], however, when this group of patients was stratified on the basis of
severity of OSA, only those with severe OSA (RDI >40) were found to have ED [427]. This study
was performed using a thermistor to quantify sleep apnoea, now known to underestimate the
degree of sleep disordered breathing [428]. In a similar study of 85 snoring men being assessed
at a sleep clinic, no difference was found regards erectile function, as measured by the GRISS
guestionnaire between those with an AHI above and below 5, however, this study excluded all
participants with previous history of diabetes, endocrine disturbance and hormonal imbalance
which may have diluted the outcome [396]. This study did not describe the method used to

assess sleep or breathing, apart from having a sleep test, which limits interpretation.
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In order to firmly establish the link between OSA and ED, both best practice measurement and
research techniques needed to be utilized, while accounting for known risk factors. The gold
standard method of diagnosing obstructive sleep apnoea is a multiple channel nocturnal
polysomnograph [429], using pressure transduced airflow [282, 428]. The International Index
of Erectile Function questionnaire has been established as being one of the most robust
measurements of ED [89, 90, 430]. The most thorough research methodologies would utilize
both of these measurements. To date, there have been three such studies. Budweiser (2009)
studied patients attending a sleep clinic for suspected OSA. In men with at least mild
obstructive sleep apnoea with an AHI of greater than 5, 65% reported at least mild ED as
measured by the erectile function domain of the IIEF questionnaire, compared to 34% of men
without OSA. This higher prevalence remained even after the comorbidities of obesity,
diabetes, hypertension and age were accounted for [409]. Similarly, 44% of patients presenting
to a sleep clinic were found to have ED, also measured via the IIEF as well as NPT [431]. In the
largest study done to date (n=1025) in men with erectile complaints, 44% of them were found
to have at least mild obstructive sleep apnoea (AHI>5) as measured via polysomnography [415].
In contrast, in a recent study of 62 men, although 64% of men with OSA were found to have ED,
there was no difference in prevalence of ED between those with and without OSA once BMI
and age was accounted for [432]. These high quality studies suggest there is a high association

between OSA and ED, although obesity and age may be contributing factors.

A potential explanation of the association between OSA and ED is that of disruption of REM
sleep caused by OSA reducing the quality of sleep related erections, which normally occur

during each REM sleep period [30]. These episodes of penile blood engorgement increase
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corporeal oxygenation and may function to protect the morphological integrity of the penis [30,
31]. The first study to report impaired NPT with patients with OSA was in 1981 [433]. This study
found that half of patients with apnoea or hypoventilation (n=7) showed impaired NPT [433].
Likewise, on review in 1986 of 31 patients being investigated for ED with NPT, 10 of these
patients had sleep apnoea, resulting in disturbed nocturnal erections. The conclusion of this
study was that full sleep studies should be performed in conjunction with NPT to ensure that
there is not an incorrect diagnosis of an abnormal NPT, rather than commenting on a potential
causal pathway [434]. In the same year, another clinic found that the addition of respiratory
channels facilitated the diagnosis of sleep apnoea, in that 5 of 30 patients had OSA [435]. As
recently as 1994, the accuracy of NPT monitoring was said to be reduced, indeed “erroneous”,
when sleep disturbances such as apnoea are present, rather than a potential cause of erectile
dysfunction [436]. One of the first studies to report a link between the two was in 1989, when
a small correlation was found between apnoea index and penile rigidity in a study of 285
patients [437]. In contrast, a study performed around the same time, which did not monitor
oxygen levels, found no association between NPT results and AHI [421]. However, this lack of
oxygen monitoring severely limits both the accuracy of the measurement of OSA. In a later
observational study of the effects of CPAP treatment, of 22 patients with ED symptoms and
OSA, 15 (68%) had abnormal NPT readings [438]. Although this study does not have a control
group with which to compare frequency of impaired NPT, the presence of 7 men who had both
OSA and ED who did not have an impaired NPT, suggests there may be other contributing

factors to this relationship. A more recent study found that morning erection, assessed
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subjectively, was the characteristic of sleep related erections most affected by the severity of

OSA, as measured by PSG [427].

In a review of literature current at the time (2003), data was suggestive of a link between OSA
& ED, suggestion was made that research into direct correlations between severity of each was
required, once common risk factors had been removed [439]. Several studies have since
investigated which parameters of OSA have the most positive correlation with ED. Although a
higher incidence of ED in men with OSA was reported, three studies have been unable to
identify any measured OSA parameter to be correlated with ED severity [406-408]. This may be
due to patient selection including those OSA but without ED, making correlative findings
difficult. In contrast, several more studies have found correlates. Studies using NPT have
reported that OSA severity was associated with ED aetiology, with the mean AHI significantly
higher in those with organic compared to psychogenic ED [407, 415, 433]. Margel et al (2004)
reported that in their OSA sample the respiratory disturbance index (RDI), but not the number
of oxygen desaturations, predicted ED as measured by the abridged IIEF [427]. Additionally,
morning tiredness has also been identified as a predictor of ED [427]. The majority of studies
however, report the highest indicator has been those variables associated with nocturnal
saturation. The minimum observed Sa02 overnight was found to be correlated with ED
prevalence in one study, while in another, a minimum Sa02 of less than 77% was found to be
highly predictive of ED [414, 422]. In a study of 401 men, categories of OSA severity based on
quartiles of mean (<91%, >91-93%, >93-94%, and >94%) and minimum (<74%, >74-81%, >81-
85% and >85%) oxygen saturation correlated with the severity of ED, however no such

correlation was found with AHI [409]. Several studies have found minimum nocturnal SaO,
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levels to be strongly correlated with ED incidence rates [409, 414, 422]. Furthermore, a recent
study identified that mean nocturnal SaO, levels independently predicted ED [409]. The theory
of intermittent hypoxia causing ED has been tested in mice models, by adjusting oxygen levels
in the air, leading to 10 hypoxic episodes per hour to a minimum of 76%. This study found that
intermittent hypoxia reduced the number of spontaneous erections by 55%, without change in
testosterone levels, in mice, [413]. One suggested mechanism is that the repeated hypoxia of
OSA may have an impact on endothelial function, which translates into a reduced ability to
transport sufficient blood for erections [417]. Alternatively, another author suggests the
hypoxia of OSA is associated in nerve dysfunction, thereby affecting erectile capacity [404].
Another theory is that hypoxia reduced testosterone levels, thereby impacting on erectile

function [440].

The relationship between low oxygen levels and gonadal dysfunction was reported more than
50 years ago after Sir Edmond Hillary’s expedition to the Himalayas, although the exact
meaning of dysfunction is unclear [441]. A recently case study reported a mountaineer in Nepal
monitoring his nocturnal erections for 42 consecutive nights via Rigiscan measurement found a
decline in erection duration and tumescence with ascent to higher altitude with lower
atmospheric oxygen [442]. Given the preservation of REM sleep at altitude, unlike that of slow
wave sleep, [443] this is more likely to be due to the reduction in the partial pressure of oxygen

at altitude and thus overnight oxygen saturation levels.

There is some evidence that those with respiratory failure have an impaired hypothalamic-

pituitary function which may lead to erectile dysfunction [444, 445]. Nocturnal penile
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tumescent monitoring of a small group (n=20) of men with chronic obstructive pulmonary
disease found a relationship between erectile function and pulmonary impairment [446]. The
influence of testosterone differed in these studies, with one finding no difference in those with
and without erectile function [446], while another did [447]. Oxygen treatment in these
patients has been shown to improve erectile function in some cases. In a group of 12 men with
chronic obstructive respiratory disease and erectile dysfunction, who received oxygen therapy
for one month, 5 of these men (42%) regained erectile function, defined as a reappearance of a
morning erection. Both testosterone and PaO2 was higher in these patients than in those who
did not respond to therapy. A single 24 hour period was insufficient to improve erectile
function in these patients, suggesting longer term therapy is required for effective treatment
[448]. The effects of oxygen therapy in patients with ED but without respiratory disease have

not been investigated [444].

Overall, the literature, though limited by studies being conducted in varying populations, using
different outcome measurement tools, and often in small study populations, suggests an
association between ED and OSA, with reduced oxygen levels being one of more likely
explanatory variables. Potential other variables include a reduction of testosterone, due to
sleep disruption and hypoxia, depression, and a disruption to sleep related erections, as

schematically described in figure 1.1.
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Figure 1.1 Potential mechanisms between OSA, ED and low sexual desire
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Table 1.2 Population studies investigating OSA and ED relationship

Author N Age (years) | ED Measure OSA Measure Results
Schiavi 70 Range: 45 - | NPT & Partial PSG (no No correlation between sleep disordered breathing parameters
(1991) [421] 75 psychosexual Sa02 or and NPT/sexual function parameters once age was accounted for.
interview respiratory effort)
Heruti 3363 [36+7 [IEF-5 Sleep Quality Correlation between IIEF-5 and SQ (r=-0.21, p<0.00001) after
(2005) [423] (mean guestionnaire adjusting for age and excluding men with HT, diabetes & obesity.
SD)
Sleep quality questionnaire not specific to sleep apnoea.
Hanak 827 64 (51,90) BMSFI Snoring Heavy snorers twice as likely to have lower sexual satisfaction
(2008) [405] median Questionnaire compared to mild/non-snorers, after adjustment for potential
(25”‘, 75" confounders. No association between degree of snoring and
percentiles) erectile function.
Andersen 467 Range: 20- | MMAS single PSG Odds ratio 2.75 of having ED if OSA (AHI>15) compared to no OSA
(2010) [57] 80 guestion (AHI<5) (p=0.0001)

Odds ratio 2.19 of having ED if OSA (AHI>15) & sleepiness if have
ED compared to no OSA (AHI<5) (p=0.003)

AHI = Apnoea Hypopnoea Index, BMSFI=Brief Male Sexual Functioning Inventory, ED = Erectile Dysfunction, HT=hypertension, IIEF-5 = The 5-item
International Index of Erectile Function, MMAS = Massachusetts Male Aging Study, N=number of study participants,NPT = Nocturnal Penile

Tumescence, OSA=0bstructive sleep apnoea, PSG = polysomnography, SD=Standard deviation,
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Table 1.3 Studies investigating prevalence of OSA in ED populations

Author N Study Age (years) ED OSA OSA Measure Prevalence Comments
population (mean £ SD) | Measure definition of OSA (%)
Pressman 31 NPT clinic 58+6.8 NPT AHI>5 Limited PSG 32 Reviewed 31 men undergoing NPT. 9
(1986) [434] had OSA. Concluded OSA disrupted
NPT recording, if OSA exists, it may
give a false reading on NPT.
Foreman 30 NPT clinic: NR NPT NR Limited PSG 17 5 of 30 patients had sleep apnoea.
(1986) [435] Both for ED Case reports of these 5 patients
and painful presented. Al range: 10-89
erections
Hirshkowitz | 1025 | NPT clinic 54 (NR) NPT Al>5 Limited PSG 44 Al was 10.5 for men with “organic”
(1990) [415] Al>10 28 ED, and 8.3 for men with “non-
Al>15 20 organic” ED
Chediak 37 NPT clinic 52+14 NPT AHI > 10 PSG 49 Result consistent across 2 nights
(1996) [424] AHI > 5 57 then 70 1% night then 2™ night
Seftel (2002) | 285 Urology 53+13 Physician NR Cleveland Sleep | 27 (at high 63% of sample had ED (n=168)
[416] clinic diagnosed Habits risk of OSA) 57% of sample snored
questionnaire

Abbreviations: Al=Apnoea Index, AHI = apnoea hypopnoea index, ED = Erectile Dysfunction, ESS = Epworth Sleepiness Scale, , scale, IIEF= international index
of erectile function, OSA = obstructive sleep apnoea, N=number of study participants, NPT = nocturnal penile tumescence, NR=Not reported, PSG =
Polysomnography.
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Table 1.4 Studies investigating prevalence of ED in sleep clinic populations

Author N OSA definition Age ED OSA Prevalence | Comments
(years) Measure Measure | of ED (%)
Guilleminault | 25 NR 44 (25- Self- PSG 48 Terminology: “sexual problems”, “impotence” and
(1977) [342] 65) report “abatement of sexual drive” used interchangeably.
Case report series.
Guilleminault | 49 NR 47 (12- Self- PSG 44 4% had “impotence”
(1981) [418] 66) report 44% had “erectile or ejaculatory difficulties”
Fanfulla 25 AHI>10 48 +12 Self- PSG 72 (any Study assessed bulbocavernosus reflex and somato-
(2000) [404] report ED) 44 sensory evoked potentials of pudendal nerve in
(severe assessing possible involvement in cause of ED.
ED) Concluded nerve dysfunction may be involved in
association between OSA & ED.
Margel 209 | AHI 5-20 (n=80) 44 + 12 IIEF-5 PSG (no | 79 (any All aspects of erectile function declined with
(2004) [427] AHI 20-40 (n=60) |44 +12 oximetry) | ED) increased OSA severity*. Severe OSA (AHI>40) had
AHI>40 (n=46) 50+ 10 increased ED compared to all other groups*. Those
AHI<5 ( n=23) 50+8 with severe ED had the greatest AHI.
Goncalves 98 AHI>10 47 + 10 Sexologist | PSG 29 MVA: MinSa0,* and age* not AHI, BMI or Sa0,
(2005) [414] Interview predicted ED. MinSa0,>80%: 15% with ED
MinSa0,<80%: 40% with ED. Different between
groups®*.
Hoekema 96 AHI>5 (n=48) 49 +9 GRISS PSG NR More ED* in OSA than controls.
(2007) [408] ND (controls, 48+ 8 Correlation between AHI and nonsensuality score of
n=48) the GRISS (r=0.311)*
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Table 1.4: Studies investigating prevalence of ED in sleep clinic populations (continued)

Author N OSA definition Age ED OSA Prevalenc | Comments
(years) Measure | Measur | e of ED
e (%)
Budweiser 401 | AHI>5 (n=369) AHI<5 | 62 (54, 70) | IIEF-15 PSG 66 (any) 34% of controls had ED. Different to OSA group**.
(2009)[409] (controls, n=32) (ED) (23% 30 Erectile function decreased with worsening
50 (42, 55) had (severe) quartiles of AHI**, Minimum Sa0,  and mean
(No ED) “split Sa0,** associated with ED: MeanSa0,** predicted
night”) erectile function after adjustment for risk factors.
Zhuravlev 72 NR 44 (32-56) | lIEF-5 & | PSG 44 25% of those with OSA & ED had normal
(2009) [431] NPT testosterone levels
Stannek 158 | AHI>5 (n=116) 51+11 Single PSG NR More frequent ED in OSA than controls*
(2009) [406] AHI<5 47 £+ 14 IIEF Severity of OSA not correlated to incidence of
(controls,n=42) guestion sexual dysfunction.
Petersen 308 | AHI>5 51+10 BMSFI & | PSG NR Erectile function worse in OSA compared to
(2010) [407] | 1185 | ND (controls, LiSat controls*.
collected separately) AHI not correlated with any outcomes.
Cruz (2012) 98 AHI>20 55+11 Single Limited | 25 No correlations or predictive parameters reported.
[426] question | PSG
Santos 62 AHI>5 52 (NR) IIEF-5 PSG 64.4 After controlling for BMI & Age, no difference
(2012) [432] between those with and without OSA in terms of
ED, sexual satisfaction
Ak (2013) 85 AHI>5 (n=42) AHI<5 | 388 GRISS NR: NR No difference in ED between apnoea and non-
[396] (controls, n=43) “sleep apnoea groups after controlling for age and BMI.
test”

Note: *p<0.05, **p<0.01, Age data are mean + SD, mean (range), median (25th, 75th). Abbreviations: AHI = Apnoea Hypopnoea Index, BMSFI = Brief Male
Sexual Functioning Inventory, ED = Erectile Dysfunction, GRISS = Golombok Rust inventory of sexual function questionnaire, IIEF = International Index of
Erectile Function, LiSat = Fugl-Meyer Life satisfaction checklist, N=number of study participants, ND=Not Described, NPT = Nocturnal Penile Tumescence, NR
= Not reported, OSA = Obstructive Sleep Apnoea, PSG = Polysomnography, RDI = Respiratory Disturbance Index, Sa02 = Blood Oxygen Saturation, Split Night
=% of night was diagnostic, other % was CPAP titration.

-71-




1.5. TREATMENT

Conservative treatments for both OSA and ED include modifications to lifestyle factors which
may contribute to the severity of the condition, such as weight loss, smoking cessation and a
reduction of alcohol intake. If these lifestyle changes are insufficient, several treatment options
exist. Obstructive sleep apnoea can be treated using mechanical means such as continuous
positive airway pressure (CPAP) or a mandibular advancement splint (MAS) or via surgery of the
upper airway. Erectile dysfunction is often treated using pharmacotherapy, including PDE-5
inhibitors and androgen therapy. There is evidence that in the presence of both conditions,
CPAP therapy may have positive effects on ED. Treatment of ED using pharmacotherapy,
however, may have detrimental effects on the severity of OSA. Treating the two conditions

simultaneously may be the optimal treatment choice.

1.5.1. Testosterone Therapy and OSA

There has been much discussion in the literature regarding the effects of testosterone
treatment in untreated OSA due to the risk of increasing the severity of sleep disordered
breathing. Worsening of sleep disordered breathing with exogenous testosterone was first
described in a case report in 1983 [449], and further investigations later that decade finding a
high degree of individual variability, with some men experiencing worsening, while others did
not change [450, 451]. A case report on a 13 year old boy in 1994 similarly documented the
phenomena [452]. At present, current guidelines recommend against using exogenous
testosterone in men with untreated OSA [155, 453]. Two recent reviews investigated the

evidence for these recommendations and found little to support such guidelines [454, 455].
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The only exception noted is in the use of supraphysiological doses [260]. A recent study, using
clinically appropriate doses, further investigated the relationship and showed an increase in the
ODI in the short-term, which returned to normal levels in the longer term, with no change in
AHI at any timepoint [456]. Several mechanisms have been posed as mediating factors
between the exacerbation of OSA by testosterone supplementation. Testosterone may
stimulate breathing directly at the level of the CNS or peripheral chemoreceptors, resulting in
an increase in ventilator response to hypoxia, thereby reducing carbon dioxide levels below the
apnoea threshold [457, 458]. Indeed, changes in serum testosterone due to androgen
administration have been correlated with changes in the hyperoxic ventilatory recruitment
threshold in men with OSA. These changes have been shown to have a time course similar to
that seen during sleep, with a worsening of ventilatory drive correlating with serum
testosterone levels [459]. In addition to affecting apnoeic thresholds, testosterone has also
been shown to increase the collapsibility of the upper airway [310]. Both of these effects
occurring simultaneously can explain a theoretical increase in the likelihood of sleep disordered
breathing with increased levels of testosterone, however, apart from supraphysiological doses,

this has not been substantiated.

1.5.2. PDE-5 Inhibitors and OSA

PDE-5 inhibitors allow blood flow to increase, enhancing the ability to obtain and maintain an
erection. However, for those susceptible to sleep disordered breathing, this increase in blood
flow creates a theoretical risk of an impaired airway size due to engorgement of upper airway

tissues, a reduction of nasal patency and an increase in the tendency for relaxation of the soft
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tissue in the pharyngeal muscles [460-462]. These factors thereby suggest a theoretical
increased risk of OSA, or worsening thereof. Indeed, a randomised placebo-controlled study of
13 men with severe OSA showed a 50mg dose of Sildenafil prior to sleep increased the AHI,
ODI, and amount of time hypoxic while asleep [463, 464]. This small study requires further

investigation to determine if a lower dose of PDE-5 inhibitors is safe for those with OSA [465].

1.5.3. Effect of Treatment for OSA on Sexual Function

CPAP treatment for OSA has shown mixed results in regard to the effect on testosterone levels,
however, as with all CPAP studies, adherence to therapy can be as low as less than 50%, which
limits our understanding of the effect of CPAP on testosterone [352]. An early trial, only 8 years
after CPAP was first described [466] showed that three months CPAP, total, but not free,
testosterone increased [398]. This study was performed when the CPAP mask was glued on,
rather than the current straps which are easily removed, which may have resulted in a high
adherence rate, however this cannot be verified. Also showing an increase in testosterone was
a study in which blood samples were taken every 20 minutes during sleep on men who had
been treated with CPAP for nine months [467]. This increase was on the basis of mean
testosterone levels and area under the curve of the frequent overnight sampling, rather than
the more commonly used one-off morning sample. Men undergoing UPPP surgery to alleviate
OSA have been shown to have an improvement in testosterone levels [389]. On the other
hand, several studies have found treatment of OSA using CPAP did not raise levels of
testosterone. In a study of men with low (<12 nmol/L) baseline testosterone, no improvement

with CPAP was seen after three months [431]. However, in that study, the adherence to CPAP
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therapy was not described, nor exploratory statistics of those men adherent to therapy
reported. A single night of CPAP therapy was insufficient to improve testosterone levels of 28
men with OSA [468]. In a sham controlled study of 3 months duration, no change in
testosterone was seen before and after CPAP use, however, there was a decline in testosterone
for those allocated to placebo treatment, resulting in a difference between groups [469]. A
study of patients for whom CPAP therapy was documented as being more than 5 hours usage
per night for 11-36 months also did not show an increase in testosterone levels [470]. Likewise,
no change in testosterone levels was found in a study of 16 men after 6-10 months of CPAP
therapy [471]. Similarly a study comparing the efficacy of CPAP and Mandibular Advancement
Splints found that neither increased testosterone levels [408]. The majority of these studies do
not show an increase in total testosterone, with the exception of that seen in frequent
overnight sampling and those with potentially higher efficacy of therapy, that is, surgery or

higher adherence with therapy.

Studies of the effect of CPAP on erectile function have been performed in general OSA
populations, as well as in men with OSA and ED, the distinction of which should be noted (see
table 1.5). A recent review, using theoretical mechanisms together with observational and
uncontrolled studies concluded that CPAP therapy for OSA improves ED [30]. These studies
have used objective measures such as nocturnal erection monitoring, or subjective

measurement, or a combination of the two.

One of the first studies to report on the effect of CPAP treatment upon erectile function used

mercury strain gauges to monitor sleep related erections. Of the 22 OSA patients presenting
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with ED, 15 had impaired NPT recordings on a night without CPAP, defined as penile rigidity less
than 500 grams and a tip circumference change of less than 16 millimeters. Overall, there was
no change in NPT parameters with one night of CPAP. There were five individuals who no
longer had an impaired reading when CPAP was used [438]. However, there was still a
moderate degree of OSA (RDI 18/hour) despite CPAP treatment. Potentially, a more effective
CPAP treatment may have further improved erectile function. Due to the small observational
nature of this study, interpretation of this result is limited. Additionally, considerable night-to-
night variability in NPT recordings have been reported [472], which may go some way in
accounting for the change in NPT, rather than the treatment used. In the only other study
assessing the impact of CPAP on nocturnal erections, three months of treatment which
included participants using CPAP or who had undergone surgery, only the change in percentage
rigidity was reported, which showed an improvement from 13.8% to 40% for rigidity greater
than 80% [354]. Commonly cited measurements of the Rigiscan device, such as duration,
rigidity activation units and tumescence activation units were not reported in this study,

however.

Several within-individual, before and after studies have also shown improvements in sexual
function with 2 weeks to 12 months of CPAP therapy [410, 414, 438, 473-475]. Improvements
in the FOSQ Intimacy and Sexual Relationships domain, as well as its component parts, that is,
the effect of sleepiness on desire, intimacy, arousal and orgasm, were seen with CPAP use for a
minimum of 3 months in all OSA patients (n=123) studied. When stratified by AHI severity, only
those with AHI greater than 60 had significant improvement [410]. In a study assessing the

efficacy of a hypnotic medication in relation to CPAP adherence, there was an overall

-76 -



improvement in the domain of intimacy in the FOSQ questionnaire after 2 weeks of CPAP use in
72 men with OSA, not selected on the basis of ED [476], however, a much larger randomised
control trial of 113 men and women with mild to moderate OSA (AHI 5-30) did not show any
improvement in this domain after 8 weeks of CPAP treatment [366]. Another study of 17 men
with OSA and ED found that ED resolved after one month of CPAP in 13 subjects; however ED
assessment was by sexologist interview and not a validated instrument [414]. Using the IIEF
guestionnaire, a study in a group of 15 men with OSA and ED also found improvements in
erectile function after 3 months of CPAP [473]. In contrast, one study, which included diabetic
men with and without ED did not find an improvement in erectile function after 3 months of
CPAP usage, a result which may be influenced by the presence of diabetes, a condition known
to worsen erectile function [477, 478]. Limitations to these studies, however, include having a

small number of participants, a lack of placebo control and being of short duration.

Longer term (6-12 months) uncontrolled studies of men with OSA also show improvement in
erectile function with continued CPAP treatment, at least in those with severe OSA [479, 480].
In a study of 98 OSA patients, 25 had symptoms of ED, assessed clinically. Of these, one in
three men had resolution of their ED with 6 months of automatic CPAP (APAP) use however this
was not statistically significant [426]. In a study of 209 men with OSA, which included those
with and without ED, erectile function improved after 12 months of CPAP treatment in 20% of
subjects, and this improvement was positively correlated with CPAP compliance, baseline AHI
and minimum oxygen saturation [479]. One year of adherent CPAP treatment (usage > 4 hours)
in 147 men, again with and without ED, improved scores in erectile function, and sexual drive,

as measured by the BSFI, however this result comprised 50% no change, 13% scored worse, and
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37% had improved [474]. One longer term (3 year) study found that in men with OSA, who
were prescribed CPAP, of which 61% had ED, erectile function declined overall. This was due to
a poor adherence rate to CPAP (38% did not use CPAP), and those men who did not use CPAP
had a decline in erectile function, compared to those who used CPAP having no change overall,
suggesting that CPAP prevented a decline in erectile function. In the subset of patients who
had moderate-severe ED, there was a very slight improvement in erectile function with CPAP.
Although there was minimal effects on erectile function, this study did show that CPAP users,
compared to non-users showed a significant increase in overall sexual function as measured by

the IIEF, as well as individual subdomains ‘orgasmic function’ and ‘overall satisfaction’ [412].

Prospective studies of CPAP treatment have shown mixed results. A small (n=27) randomised
no-treatment controlled study showed a significant improvement in ED after one month of
CPAP despite a significant residual OSA (AHI = 29) persisting in those randomised to CPAP
therapy [481]. The lack of an adequate placebo, however, does not allow for the patient to be
blinded to therapy and limits the interpretation of this result. Another one month prospective
randomised study of CPAP therapy, using an unnamed selective serotonin reuptake inhibitor
antidepressant, as a control, found that CPAP therapy in those with severe sleep apnoea was
sufficient to increase IIEF scores from 15 to 19, compared with a change from 13 to 14 with the
antidepressant, however, the significance of this difference was not reported [417]. Given that
some anti-depressants are known to cause or worsen erectile dysfunction [482], this
comparison group makes interpretation difficult. No change in erectile function was seen in
another study of one month duration which compared the effect of CPAP against mandibular

advancement by oral splint in a crossover design, however, this study did not assess ED by IIEF,
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and included men with and without ED [408]. In a study using either CPAP, mandibular
advancement splint, or surgery (uvulopalatopharyngoplasty), as selected by the patient, only
those who had surgery were found to have improvements in the Korean version of the IIEF,
however surgery improved but did not resolve OSA (AHI at baseline 29.6+21.6, at follow up
18.5+15.6, p=0.027) [483]. Similarly, a study using CPAP, and surgery of varying types for those
not adherent to therapy, in men with OSA and ED, found an overall improvement in both
subjective (IIEF) and objective (Rigiscan) measurements of ED, however the improvements per

treatment were not reported [354].

Two randomised studies of CPAP and Sildenafil, in men with OSA and ED, have been reported
by the same author [484, 485]. The first randomised 30 men to either Sildenafil on demand or
CPAP use nightly for 12 weeks. All domains in the IIEF improved from baseline for both
treatments. For those allocated to Sildenafil, the IIEF-ED domain improved by 5 points, 54% of
intercourse attempts were successful, and 53% of participants satisfied with treatment. For
those allocated to CPAP, the IIEF-ED domain improved by 2.3 points, 24% of intercourse
attempts were successful, and 20% were satisfied with treatment. Differences between
treatments at week 12 were reported, with all domains of the IIEF, except sexual desire, being
higher with Sildenafil than with CPAP [484]. The second study of 40 men compared nightly
CPAP use with Sildenafil, taken on demand, for 12 weeks [485]. This study reported 27% of
intercourse attempts were successful with CPAP, compared to 51% with Sildenafil, which was
statistically significant. Similarly, the IIEF-ED domain improved for both groups compared to
baseline, with the scores for Sildenafil being higher than that of CPAP after 12 weeks. The

degree of OSA in this study was mild, with an AHI of 9, which may limit the effects seen due to
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CPAP. Neither of these studies reported CPAP adherence rates, which may limit the
interpretation of these studies. Additionally, there was no placebo control, nor baseline

measurement with which to compare successful intercourse attempts.

A randomised sham-controlled study showing that CPAP improves ED has yet to be performed.
Sham-control is essential, because the primary outcome of therapy is self-reported [486], but
none of the available studies are sham-controlled. Additionally, many of the studies in the
current literature include men who do not have erectile dysfunction, which may or may not

dilute the efficacy of CPAP on erectile dysfunction.

The effect of CPAP on sexual function is not widely acknowledged. Amidst a questionnaire
regarding expected outcomes from CPAP usage, 53% of patients about to undergo CPAP
therapy acknowledged that there may be an increase in sexual desire and performance. About
two thirds of these same respondents recognized that there would be a positive effect from the
use of CPAP in regards to feeling better, allowing their partner to sleep better, and have less

chance of a motor vehicle accident among other factors [487].
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Table 1.5 Trials investigating effects of OSA treatment on Erectile Dysfunction

Author N Population | Treatment Study Design | AHI Duration | Erectile | Change in Erectile
(events/h) Function | Function
measure
Guillimenault | 50 | OSA Tracheostomy | Observation | 81 (65-120) | 9months | Self- 98% “sexual problems”
(1981) [418] -byears report disappeared
Karacan and 22 | OSA&ED CPAP Observation | 49.2 £28 1 night NPT 33% of those with
Karatas (1995) previously abnormal
[438] NPT had normal NPT
with CPAP
Li (2004) [481] | 27 | OSA & ED CPAP (n=15) Randomised |45 +11 1 month | IIEF-5 N* compared to
Control (n=12) | parallel, no 42 +14 controls (non-English
treatment text)
control
Perimenis 30 | Mild OSA & | CPAP (n=15) Randomised |7.3+1.2 12 weeks | IIEF-5, Sildenafil was superior
(2004) [484] ED Sildenafil parallel 7414 SIA to CPAP **, Both
(n=15) numerically improved
from baseline but p-
value was not reported.
Goncalves 17 | OSA & ED CPAP Observation | 71.4+26.8 | 1 month | Sexologis | ED resolved in
(2005) [414] t 76%* (13 out of 17
Intervie | patients). OSA
w parameters did

not predict ED
change
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Table 1.5: Trials investigating effects of OSA treatment on Erectile Dysfunction (continued)

Author | N Population | Treatment Study Design | Age AHI (events/h) | Duration | Erectile Change in Erectile
Function | Function
measure
Margel 60 OSA CPAP Observation | 54+10 406+18.1 17 IIEF-5 62% no change
(2005) (¢>)54+ | (¢>)53.7¢ months 20% M(**from baseline)
[479] 11 (1) 59 | 15.2(1)38.4 | (range 12- 18% J (**from baseline),
+10(Jd) | +£18.9(J) 26)
UCA: AIIEF vs Baseline
MinSa02 (r=-0.37*%*),
CPAP adherence
(r=0.69%*). AIIEF not
correlated with RDI (NS).
Karkoulias | 15 Mild OSA & | CPAP Observation | 56+ 4 73+%1.2 12 weeks | IIEF, SIA M Erectile function
(2007) ED improved * but sexual
[473] desire did not.
Hoekema 48 | OSA CPAP (n=27) | Randomised | 519 46.7 (10-64.4) | 2-3 GRISS <> CPAP, <>MAS.
(2007) MAS (n=21) parallel 48 +8 20.6 (9.5-31.1) | months, Between-group NR
[408]
Perimenis | 48 | OSA & ED CPAP & Observation | 5310 28.3+23.2 6 months | ED N** compared to
(2007) & COPD bronchodilat Intensity | baseline. Erectile
[480] ors Score function improved in 25%

AHI greater in patients
who T**, AlIEF
positively correlated with
age, AHI.
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Table 1.5: Trials investigating effects of OSA treatment on Erectile Dysfunction (continued)

Author | N Population | Treatment Study AHI Duration | Erectile | Change in Erectile Function
Design (events/h) Function
measure
Perimenis | 40 | OSA & ED CPAP (n=20) Cross-over 56+5 6 weeks SIA SIA greater with Sildenafil than
(2007) CPAP + each arm CPAP**,
[488] Sildenafil (n=20)
Perimenis | 40 | Mild OSA & | CPAP (n=20) Randomise | 8.9 (6-25) | 12 weeks | IIEF, SIA | TN**CPAP, 1 **Sildenafil but
(2007) ED Sildenafil d parallel 9.9 (6-24) Sildenafil was superior
[485] (n=20) SIA greater with Sildenafil than
CPAP**
Taskin 40 | Severe OSA | CPAP (n=20) Randomise |35+19.3 |1 month | IIEF-5 M**CPAP, <> (NS)
(2010)[41 (AHI>30) Anti- d parallel 33+21.7 antidepressant Stratifying
7] Depressant by MinSa02 of 80% did not
(n=20) show correlation with AIIEF.
Petersen 14 | OSA CPAP (only Observation | 43.3 12 LiSat, M * Sexual life, erectile function,
(2012) 6 >4hrs use 26.3 months BMSFI sexual desire all improved with
[474] included) CPAP overall but half
unchanged, 37% improved, 13%
scored lower.
Cruz 98 | OSA Auto-PAP Observation | 52.2 + 6 Likert &> in ED with AutoPAP overall
(2012) 214 months | scale (25% to 18%, NS)
[426] 12% (NS from baseline)

5% (NS from baseline)
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Table 1.5: Trials investigating effects of OSA treatment on Erectile Dysfunction (continued)

Author N Population | Treatment Study AHI Duration | Erectile | Change in Erectile Function
Design (events/h) Function
measure
Khafagy 80 | OSA&ED CPAP (n=57) Observation | 33.4+1.7 3 NPT + Results combined for both
(2012) Surgery (n=23) | CPAPused |37.0%+7.6 months IIEF-5 treatments. T™**. ED
[354] <4hrs, resolved in 22.5% (lIEF-5)
surgery ‘M* Percentage rigidity (NPT)
performed. Commonly reported NPT
parameters not reported.
OSA not treated completely
(AHI 12 & 14 for CPAP and
surgery respectively)
Shin 2013 | 56 | OSA UPPP (n=30) Observation | 29.6 £21.6 | 7 (4,15) | lIEF-5 MNUPPP (*from baseline)
[483] CPAP (n=16) Patient 51.6+17.1 | months &SCPAP (NS)
MAS (n=10) preference | 29.3+10.6 <>MAS (NS)
determined
treatment
Budweiser | 91 | OSA CPAP users Observation | 28.1 (18.0, | 3 years IIEF-15 <>CPAP users, |, non-users.
(2013) (any use, 40.0) 14.7 Between-group NS.
[412] n=56) (6.8, 23.7) Sub-Analysis (1): No
difference in those with
Non-CPAP

users (n=35)

moderate/severe ED. (2):
CPAPM* compared to non-
users in those with both
moderate-severe ED and
mean nocturnal Sa0,<93%.
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Table 1.5: Trials investigating effects of OSA treatment on Erectile Dysfunction (continued)

Author N Population | Treatment Study AHI Duration | Erectile | Change in Erectile Function
Design (events/h) Function
measure
Knapp 35 |OSA & CPAP Observation | NR. 3 SHIM <> in ED with CPAP. CPAP
(2014) Diabetes Inclusion months reduced number of androgen
[477] was AHI >15 ADAM deficient symptoms (as

measured by ADAM) but this
was not sexual function.

Note: “Mdenotes an improvement |, denotes a worsening <> denotes no change. Data are mean * standard deviation or mean
(range). *p<0.05, **p<0.01. A=change Abbreviations: ADAM: Androgen Deficiency in the Aging Male questionnaire, AHI = Apnoea
Hypopnea Index, CPAP = Continuous positive airway pressure, BMSFI = Brief Male Sexual Functioning Questionnaire, COPD = Chronic
Obstructive Pulmonary Disease, ED = erectile dysfunction, EF=erectile function, IIEF = International index of erectile function, IIEF-5 =
The 5-item International index of erectile function, GRISS = Golombok Rust inventory of sexual function, IIEF-15 = The 15-item
International index of erectile function, LiSatl1= Life satisfaction 11, MAS = mandibular advancement splint, NPT=Nocturnal Penile
Tumescence, NR = not reported, NS = not significant, OSA = Obstructive Sleep Apnoea, RDI = Respiratory Disturbance Index, Sa0O,
=oxygen saturation levels, SHIM = Sexual Health Inventory for Men questionnaire, SIA = Successful intercourse attempts, UCA=
Univariate Correlational Analysis, UPPP = uvulopalatopharyngoplasty.
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1.5.4. Simultaneous Treatment for OSA & ED

The efficacy of using both CPAP and PDE-5 inhibitors as treatment modalities for men with
OSA and ED have been reported in 2 studies [431, 488]. In 40 men with mild-moderate OSA
(AHI 15.143.9), the effects of CPAP alone was compared to CPAP plus on-demand 100mg
Sildenafil, in a cross over design [488]. In this study, which included heavy smokers (87% of
participants), the use of both treatments resulted in a greater number of successful
intercourse attempts (61%) compared to using CPAP alone (25%). A run-in phase using
CPAP alone was conducted for 4 weeks, followed by 6 weeks of the allocated treatment.
There was no baseline measurement on successful attempts on which to base any change
data, nor was CPAP usage reported, however there was a slight increase in successful
intercourse attempts from 19% during the run-in phase to 25% during the treatment period,
the difference of which was not discussed. In the only other report of combination therapy
in OSA and ED, a small observational study reported outcomes for 32 men with OSA and ED,
using various combinations of CPAP, testosterone and PDE-5 inhibitors, depending on
patient presentation. Six out of eight patients with OSA and ED, but with normal
testosterone levels improved erectile function, and of the five patients who received all
three treatments, all were reported to have normal erectile function after 3 months [431].
Although this pilot study shows good efficacy of treatment, the study was not conducted in
a randomised fashion, and lacks placebo control, as well as being a small study. Further
studies of the use of polytherapy in men with OSA and ED using a rigorous protocol design

are needed.
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1.5.5 Summary of treatment options

Three treatment options exist for a man with obstructive sleep apnoea and erectile
dysfunction — testosterone therapy, PDE-5 inhibitor use or CPAP. The majority of the
literature shows that testosterone improves erectile function and sexual desire, however
testosterone may worsen OSA. PDE-5 inhibitors are an effective treatment, in the majority
of cases, for ED, but there is some thought that these also have the potential to worsen
OSA. CPAP is an established treatment for OSA, and there is some evidence regarding its

effect on erectile function and sexual desire. See figure 1.2 below:

CPAP OSA
PDE-5 Erectile
inhibitors Function
Testosterone Sexual
therapy Desire
. Established May M
v treatment worsen IE> impraoyve

Figure 1.2: Effects of treatment on OSA, Erectile Function & Sexual Desire

-87 -



1.6 CONCLUSION

Sexual function is an important part of quality of life, which can be affected by a number of
lifestyle and disease factors. Evidence suggests that there is a link between OSA and both
low testosterone and ED. The causal pathway between these conditions has not yet been
established, however, there is increasing suggestion that this may be due to hypoxia related
factors. There is a strong belief there is a relationship between OSA and low libido; however
there is a lack of compelling evidence linking the two. The establishment of clinical
guidelines recommending against testosterone supplementation in men with OSA is
increasingly shown as having little evidence to warrant such advice. Together with the
increasing prescriptions of testosterone in the general population, and potentially, if
guidelines change due to evidence against them, in men with OSA, there is a need to
establish the efficacy of testosterone in men with untreated OSA in regard to sexual

function as this has not yet been investigated in a randomised controlled setting.

There also remain unanswered questions regarding the efficacy of CPAP treatment on
testosterone, sexual desire, and erectile function in men with OSA and ED, due to the lack of
adequately controlled studies, in which participants are blinded to treatment allocation.
Placebo controlled studies are absolutely required in this field to elucidate the effects of

therapy upon the subjective matter of sexual function.

The best clinical treatment plan for men with both OSA and sexual dysfunction has yet to be
established. Would testosterone therapy be efficacious? Would testosterone
supplementation worsen sleep disordered breathing? Will CPAP treat erectile function and
improve testosterone levels? Would a PDE-5 inhibitor be effective in treating ED without

worsening OSA? Would a combination of these therapies be optimal? This thesis aims to
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contribute to answering this clinical scenario by conducting two randomised controlled trials

to assess the efficacy of testosterone, CPAP, and a PDE-5 inhibitor in men with OSA.
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2. Effects of testosterone administration on sexual function,
quality of life and neurocognitive performance in
untreated obstructive sleep apnoea.

2.1 CHAPTER SUMMARY:

Background: Sexual dysfunction, testosterone deficiency, obesity and obstructive sleep
apnoea (OSA) all have high prevalence rates and often coexist. Exogenous testosterone
prescription frequency is increasing in the general community and may be given to those
with untreated OSA. This study comprehensively assessed the impact of testosterone
administration on sexual function, general and sleep specific quality of life and

neurocognitive performance in obese men with untreated OSA.

Methods: Sixty-seven middle aged obese men with moderate to severe OSA received
intramuscular injections of 1000 mg testosterone undecanoate or placebo at baseline, week
6 and week 12. General and sleep related quality of life questionnaires, sleepiness levels,
neurocognitive performance and sexual function were assessed at baseline, 6, 12 and 18

weeks.

Results: Testosterone administration, compared with placebo, significantly suppressed
gonadotropins and increased blood testosterone concentrations (p<0.001). Testosterone,
compared to placebo increased sexual desire by 16% (mean difference between groups,
95%Cl: 5.4-26.8, p=0.004), independently of baseline testosterone levels. There was no
change in erectile function, frequency of sexual attempts, orgasmic ability, quality of life,
sleepiness levels or neurocognitive function. Post-hoc analysis in participants with low
testosterone levels at baseline (<8nmol) found testosterone increase vitality (p = 0.004), and
reports of both feeling down and nervousness were reduced (p = 0.002 and p = 0.032

respectively).

Conclusions: Testosterone therapy does not improve erectile function in men with OSA but
does increase sexual desire. Exogenous testosterone variably controls different facets of
quality of life, with benefits seen only for those with lower baseline levels (< 8 nmol/L) in the

areas of vitality, nervousness and feeling down. Neurocognition was not changed.
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2.2 INTRODUCTION:

Obstructive sleep apnoea (OSA) and testosterone (or androgen) deficiency are common
conditions which often co-exist in men [57, 158, 184, 286, 289, 401, 409], and are associated
with increased age and obesity [290, 296, 489, 490]. Approximately 25% of middle aged-
men have OSA [286] and around 2% have testosterone deficiency [158, 184]. Recent studies
have found both conditions to be increasing in prevalence in the general community [185,

287].

An independent association between the presence of OSA and a reduced level of total
testosterone has been previously shown by several authors [384, 389, 394-396].
Additionally, levels of free and total testosterone have been shown to decline with increases
in parameters describing OSA severity, particularly the level of hypoxaemia [398]. Potential
mechanisms of untreated OSA leading to low testosterone levels include the impact of sleep
restriction, known to reduce testosterone levels [385, 397], interruption of the normal
pulsatility of luteinizing hormone and subsequent testosterone release in sleep [384] and

repetitive hypoxia due to sleep apnoea [394].

The most effective treatment for OSA is continuous positive airway pressure (CPAP),
however, adherence rates to CPAP treatment are low, with estimations of take up rates
being between 46-83% [352]. Reasons attributed this low adherence include the intrusive
nature of the treatment, discomfort, as well as psychological and social reasons [352]. An
alternative treatment, using a mandibular advancement splint (MAS), has been shown to be
less efficacious but is more likely to be used than CPAP [491]. The low adherence rates to
CPAP and the incomplete elimination of OSA with MAS leaves many people with OSA with

either suboptimal treatment or no treatment at all.
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Symptoms such as reduced erectile quality, low mood and increased cognitive impairment
are common to both OSA [57, 404, 409, 492-496] and testosterone deficiency [40, 198, 201,
242, 246, 497-499]. Given the overlap of symptoms, if OSA and low testosterone co-exist in
an individual, there is potential for symptoms to be attributed to low testosterone alone,

and treatment administered without addressing underlying sleep apnoea.

Symptoms of testosterone deficiency have been shown to become apparent below varying
thresholds [190]. Serum testosterone levels below 8, 11, 12, and 13 nmol/L have all been
associated with decline in various aspects of sexual functioning and quality of life [189]. One
of the earliest symptoms to appear is that of reduced vigour when serum testosterone is
less than 13 nmol/L [183], whereas below 12 nmol/L, less sexual activity occurs and there is
a reduction in nocturnal erections [105, 213]. Morning erections decrease at testosterone
levels below 11 nmol/L [183]. With testosterone concentrations under 8nmol/L, men have
been found to have reduced sexual desire and subjective erectile function and increased
rates of depression [183, 202, 500]. These varying thresholds for the appearance of
androgen deficient symptoms in the general male population need to be considered when
examining the association between testosterone levels and sexual function and quality of

life as well as changes after treatment.

Therapy for testosterone deficiency has been suggested to begin at various level of serum
testosterone, including below 8, 10, 11 and 13 nmol/L [105, 155, 188, 189]. Treatment for
low testosterone is via the administration of supplemental testosterone, in various formats
including transdermal patches, injection and pellets. The rates of physician prescribed
testosterone have substantially increased in the general community of Australia at up to a
nine-fold increase in the last 20 years [192]. Similarly, a 500% increase over the same

timeframe has been seen in America [188]. This rapid increase in testosterone has not been
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associated with an increase in the diagnosis of androgen deficiency, and has been
speculated to be viewed as a non-specific treatment for declining well-being and sexual
dysfunction [192, 194]. In any case, this increase in usage necessitates greater

understanding of the effects in populations other than the general healthy population.

Potentially, there may be a bidirectional relationship between testosterone and OSA.
Testosterone replacement has been shown to worsen OSA at supraphysiological doses [260]
and as such, there has been considerable discussion in the literature regarding the effects of
testosterone treatment in untreated obstructive sleep apnoea, with the current guidelines
recommending against usage in this population [155, 453]. However, reviews of the
evidence do not support the idea that conventional doses of exogenous testosterone
worsen OSA [454, 455]. The results of the current study in regard to testosterones effect on
sleep disordered breathing have recently been published, which found an initial worsening
of OSA which was not sustained [456]. Despite studies investigating the effects of
testosterone administration on OSA severity [260, 450] these studies have not reported the
impact any purported change in OSA has upon outcomes known to be affected by OSA
severity, the effect of sleep disruption on activities of daily living, quality of life as well as
reaction time and neurocognition [32, 339, 492, 501, 502]. Some of these outcomes have
been investigated in relation to serum testosterone, as well as testosterone
supplementation, but not in the context of untreated OSA, in which there may be some

overlap.

Of the few studies which have investigated the relationship between testosterone and
quality of life measurements such as the SF-36 quality of life assessment tool, no studies

have been performed in an OSA population, rather, they have been performed in a general
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population with OSA status undefined, or not listed as an exclusion criterion. Some of the
bigger studies investigating the relationship between endogenous testosterone and SF-36
domain scores have not reported any association between the two [183, 253]. An analysis
of individual questions on the SF-36, rather than the conventional domain scores, found a
testosterone threshold of below 13nmol/L significantly increased the incidence of having
reduced vigour. Similarly, less than 160pmol/L of free testosterone increased the prevalence
of feeling down and of having increased fatigue [183]. Pharmaceutical intervention studies
have reported improvements in differing domains of the SF-36 due to testosterone
replacement [254, 255, 503], however, other studies have found either no or minimal

improvement [256-260].

The role of testosterone in neurocognition is complex and not completely understood [231].
Androgen receptors are found in brain regions responsible for learning and memory, which
may mean that testosterone can influence cognitive processes [231]. Differences in spatial
abilities due to gender suggest that there is an influence of testosterone on this aspect of
neurocognition [504]. Indeed, testosterone levels in males have been correlated with
various aspects of neurocognition, and a link has been made with the decline in
testosterone with the development of Alzheimer’s disease, however, there does remain
some differing opinion on the extent to which this occurs [505, 506]. Some studies have
found a quadratic (U-shaped) relationship between serum testosterone and cognition,
suggesting an optimal hormone range for particular cognitive tasks [240, 241]. The effect of
androgen supplementation on neurocognition has received a reasonable amount of
attention, with differing results. Recent work in older men found no change in executive
function, memory and spatial cognition with physiological or supraphysiological doses of

testosterone [242, 243]. Several small studies have reported improvements in memory and
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spatial cognition after testosterone administration in older men but generally only in those
who had a lower level of testosterone initially, suggesting a possible baseline threshold for
improvement [246, 247, 497]. In contrast a recent study found no change in executive
function, memory and spatial cognition with large doses of testosterone [242]. In men with
OSA, these cognitive processes, such as executive function, reaction time and memory, may
be detrimentally affected by repetitive hypoxia from untreated OSA in regards to executive
function and reaction time [492]. No previous study has investigated the impact of
testosterone on men with untreated OSA who are already at an increased risk of

neurocognitive impairment.

The effectiveness of administration of exogenous testosterone to men with untreated OSA
upon sexual function, quality of life and neurocognition has not been assessed. No
randomised placebo controlled studies have reported the association between exogenous
testosterone administration and sexual function in men with sleep apnoea while assessing
the effects on sleep disordered breathing. Therefore, this study aimed to comprehensively
assess the impact of testosterone administration in men with untreated OSA in the realms
of sexual function, neurocognitive performance and quality of life, both general and sleep
related. The impact of baseline testosterone levels upon these parameters was also

assessed.
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2.3 METHODS

2.3.1 Study Design
This study was a randomised double-blind, placebo controlled parallel group study. All

participants were randomly assigned to receive 3 doses of either Reandron (Testosterone
undecanoate 1000 mg in 4 ml castor oil vehicle, Bayer Schering) or 4 ml volume-matched oil
vehicle placebo via intramuscular injection. A registered nurse administered these
injections at baseline, week 6 and week 12. In addition, all participants undertook a
concurrent weight loss programme, consisting of a dietician prescribed low calorie (< 2500
kJ) diet and exercise advice (at least 30 minutes brisk walking per day). Clinical assessments
were performed at baseline, weeks 6, 12 and 18.

2.3.2 Participants

Participants were recruited via sleep clinics at Royal Prince Alfred Hospital and the Woolcock
Institute of Medical Research, Sydney, Australia and were deemed eligible to take part if
they were men aged over 18, obese with body mass index (BMI) greater than 30 kg/m? and
had polysomnographically determined mild or greater OSA, defined as an
apnoea/hypopnoea index (AHI) greater than 10 per hour. Excluded from the study were
those who had uncontrolled medial or psychiatric illness, severe OSA (Sa02 minimum less
than 65% or AHI greater than 80 events per hour) or requiring immediate CPAP treatment,
or who were currently on CPAP treatment, concurrent medication known to alter sleep,
body weight or androgen action, a desire for paternity in the next 12 months, participation
in sports that ban supplemental testosterone and require drug monitoring, fasting
haematocrit greater than 52%, prostate-specific antigen greater than 4 ng/mL [456]. A
standard medical history, physical examination and blood sample were obtained upon entry

to the study. All subjects provided written informed consent and the study was approved by
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the Sydney South West Area Health Service Human Research and Ethics Committee (Royal
Prince Alfred Hospital Zone). All procedures complied with Good Clinical Practice guidelines,
applicable regulatory requirements and the Declaration of Helsinki. The study is registered
with the Australia New Zealand Clinical Trials Network, number ACTRN12606000404527.
2.3.3 Hormone Analysis

Venous blood samples were collected in the early morning at baseline, weeks 6, 7, 12, and
18. Blood samples were stored at -80 and batched for assaying. All samples of each
individual participant were run in the same assay. Luteinizing hormone, follicle-stimulating
hormone were analysed by commercially available Delfia assays (Perkin-Elmer Life Sciences,
Rowville, Australia). Total testosterone was measured by mass spectrometry (API-5000
triple-quadruple; Applied Biosystems/MDS SCIEX, Ontario, Canada). Free testosterone was
calculated using Vermeulen mass equations [507].

2.3.4 Sexual function and quality of life

A series of computerised questionnaires regarding quality of life, levels of sleepiness and
sexual function were administered in an isolated room to maintain privacy at baseline,
weeks 6, 12 and 18. General and sleep-related quality of life was assessed using the Short
Form 36 (SF-36) [333] and Functional Outcome of Sleep (FOSQ) [339] questionnaires
respectively. Analysis was performed using established scoring methodologies for various
domains, as well as assessment of individual questions previously found to have an
association with testosterone levels [183, 339]. Self-rated levels of sleepiness over the last
two week was assessed by the Epworth Sleepiness Scale [324] and momentary sleepiness

was assessed by the Karolinska and Stanford Sleepiness Scales [326, 328].

Various facets of sexual function were assessed using a Sexual Activity Questionnaire, using

a visual analogue scale, as previously utilised in a testosterone treatment study [187].
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Participants were asked 8 questions regarding their degree of sexual thought, desire,
erectile and ejaculatory function, as well as sexual frequency and satisfaction (Figure 2.1).

Responses were quantified and expressed as a percentage.

Please mark on the line how you have been feeling in the last month:

Have had no sexual thoughts Have had many sexual thoughts
Have had no sexual desire Have had strong sexual desire
Have had no erections on wakening have had erections on wakening
Have not engaged in sexual activity by myself Have engaged in sexual activity by myself
Have not had sexual activity with a partner Have had sexual activity with a partner
Have not had sexual satisfaction have had strong sexual satisfaction
Have not ejaculated Have ejaculated

Figure 2.1 Sexual Activity Questionnaire

2.3.5 Neurocognitive Function
Computerised neurocognitive function testing was conducted at the same time of day for

each participant. Spatial cognition was assessed using the ‘Tower of London’ [508], a task-
based test in which balls must be moved into a pre-specified position in the least amount of
moves. Executive memory was measured by the ‘Stroop’ test in which a series of words
describing colours were presented in differing coloured fonts. These words were to be
identified by the participant in terms of the colour of the word rather than the word itself —
for example the word ‘RED’ may be presented in green font so the correct answer is green
[509]. Reaction time, which is reduced in untreated OSA [32, 353, 492], was assessed using
the psychomotor vigilance task (PVT) in which the subject pressed a button in response to a
stimuli which recorded as well as displayed to the subject each reaction time in milliseconds

[510]. These neurocognitive tests were performed at weeks 6, 12 and 18 weeks.
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2.3.6 Statistical Analysis
Statistical analysis was performed using SAS statistical package version 9.2 (SAS Institute,

Cary, North Carolina, USA). Significant difference was defined as p<0.05. As this was part of
a larger study, an estimation of 60 patients completed would have 90% power to detect a
clinically relevant change in the primary outcome of the larger study, this being weight loss
of 10% compared to placebo, with a set at 0.05, based on preliminary data obtained at the
study location. The current analyses presented as part of this thesis were secondary endpoints and
accordingly, unpowered. The randomisation code was broken only after all data were
collected and the database cleaned and locked. Outcome variables were differences from
baseline at 6, 12 and 18 weeks with all analyses performed using an intention-to-treat
analysis. Overall and individual time point differences between groups were assessed from
mixed model analyses of treatment, time and the interaction between these. Normality of

residuals was confirmed.

The influence of baseline testosterone (total and free) on the effectiveness of testosterone
treatment was also explored. Baseline total and free testosterone were included in separate
mixed models as dichotomised factors using predefined cut points of baseline total
testosterone (8, 11 and 13nmol/L) and free testosterone (160, 220 and 280pmol/L)[183].
The statistical significance of the interaction terms of treatment and each variable were
examined. Results of those with a significant interaction term are shown as stratified by the
variable. Additionally baseline total and free testosterone were included as linear covariate

variables, as was age.
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2.4 RESULTS

The flow of participants through the study is shown in figure 2.2. Sixty-seven men were
recruited into the study. Of these participants, 33 were randomised to receive testosterone,
34 to receive placebo. The baseline characteristics of these men are shown in Table 2.1.
There were no significant differences between the groups at baseline. There were 13
withdrawals: 7 from the testosterone group, 6 from the placebo group. Withdrawal was
due to pain from injection (n=2), time commitments (n=5), personal reasons (n=3) and
unspecified (n=1). There was no difference in any demographic, sleep or hormone level
between those who withdrew and those who completed the study (data not shown). One
adverse event also resulted in withdrawal. This was due to the development of basal cell
carcinoma, which was considered to have an unlikely relationship to study drug. A total of
54 men completed all protocol procedures. Weight decreased during the study due to the
weight loss programme (1.8kg) but there was no significant difference between the groups

at any timepoint or overall.
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Figure 2.2 Study Flow.

NOTE: ‘ﬁ=injection given of either testosterone undecanoate or placebo as appropriate.
SM = Subjective measurements, NF=Neurocognitive Function, HA=Hormone Analysis
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Table 2.1 Baseline Characteristics

Testosterone Placebo p-value
(n=33) (n=34)
Age (years) 48.2+2.5 49.2+2.6 0.50
BMI (kg/m2) 349+43 36.6+4.9 0.15
Weight (kg) 108.0 +15.3 114.7+17.8 0.10
Total AHI (events/hour) 30.3+15.8 33.2+225 0.55
REM AHI (events/hour) 32.2+22.7 42.8+24.1 0.07
NREM AHI (events/hour) 29.7+17.2 29.8 £23.3 0.95
ODI (events/hour) 21.6+16.1 29.6+24.3 0.12
Minimum SpO, (%) 82.3+9.0 78.6+8.3 0.08
LH (1U/L) 3.3+2.2 34+14 0.82
FSH (1U/L) 43+3.7 45+25 0.76
Testosterone (nmol/L) 13.2+5.3 13.4+5.1 0.77
Free Testosterone (nmol/L) 0.29+0.02 0.28 £ 0.07 0.81
Sex Hormone Binding Globule (nM) 22.2+8.0 21.9+8.6 0.90

Note: Values are mean = SD. p-values were calculated by Student’s t-test. Abbreviations: BMI=body mass
index; AHI=apnoea hypopnoea index; REM = Rapid Eye Movement sleep, NREM = Non-Rapid Eye Movement
Sleep, ODI=oxygen desaturation index; Sp02= arterial oxygen saturation; LH=luteinizing hormone; FSH=follicle-
stimulating hormone, IU/L =international units per litre, nmol/L=nanomoles per litre, nM=nanomoles.
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2.4.1 Hormone profile
Baseline testosterone level was 13.3 + 5.2 nmol/L. In this population of obese men with

OSA, 62% were incidentally found to have testosterone less than 13nmol/L. Alternate
thresholds of 11nmol/L and 8nmol/L yielded prevalence rates of 47% and 23% respectively.
As expected, men who were randomised to active treatment showed an increase in serum
testosterone and a decrease in both follicular stimulating hormone and luteinizing hormone
from baseline compared to those in the placebo group (p<0.001).

2.4.2 Sexual Function

Testosterone treatment increased sexual desire by 16% compared to placebo (p = 0.004)
(Figure 2.3). There were no between-group differences in any other sexual function
outcome including the number of sexual encounters, erectile or ejaculatory function. The
increase in sexual desire occurred from the first assessment period (week 6) and remained
elevated for the duration of the study and was independent of baseline testosterone levels
(figure 2.4). To determine if the degree of baseline testosterone influenced response to
androgen therapy, the data was then stratified using predetermined cut points of 8, 11 & 13
nmol/L. No difference was found in treatment response between those above or below any

cut point in any sexual function parameter.
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Between group differences
(Testosterone - Placebo) (%)

Figure 2.3 Sexual Function change from baseline with Testosterone.

Note: This figure shows the mean and 95% confidence interval for testosterone minus
placebo changes from baseline scores for each parameter. The bar marked ** shows a
significant difference between testosterone and placebo (p=0.004).
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Figure 2.4 Changes in sexual desire over time with testosterone versus placebo

Note: This figure shows mean change from baseline plus standard deviation for each time
point for both testosterone and placebo. This had an overall difference between groups
(p=0.0039).
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2.4.3 Quality of Life

Testosterone therapy did not change subjective sleepiness or any of the overall domains in
the SF-36 and FOSQ questionnaires compared to placebo. Furthermore there were no
between-group differences in the change for the single items of interest from the SF-36 and
FOSQ questionnaires (Table 2.2). When the results for quality of life, as measured by the
SF36 were stratified, the interaction term of treatment and the dichotomised factor for
baseline testosterone at a level of 8 nmol/L was significant for vitality (p=0.01), degree of
feeling down (p=0.004), and nervousness (p=0.04) (Figure 2.5). Further analysis showed the
improvement after active treatment was only in those with baseline testosterone of less
than 8nmol/L. Of these men, nine were in the treatment group and six were from the

control group.
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Table 2.2 Effect of testosterone on quality of life

Testosterone (n =33) Placebo (n=34) Mean differences
Baseline Mean Baseline Mean (95% Cl) Effect  p-value
Meant* SD change Mean +SD change size (d)
from from
baseline baseline
SF-36 Domains
Physical health 66.1+£15.0 6.3 66.1+16.6 5.3 1.0 (-4.4t0 6.4) 0.06 0.71
Mental health 70.8+14.1 10.3 79.31+11.8 4.5 5.7(-2.4 t0 13.9) 0.48 0.16
Physical function 76.7+194 7.3 75.2+16.3 6.2 1.1(-5.0to0 7.3) 0.07 0.71
Role — Physical 7121294 6.7 73.51+33.1 7.8 -1.1(-14.9to 12.6) -0.03 0.87
Body Pain 82.7+21.4 -1.8 72.1126.8 2.5 -4.3(-12.0to0 3.1) -0.16 0.27
Vitality 448 + 23.6 9.4 48.7 £ 17.2 4.0 5.4(-1.9t0 12.7) 0.31 0.14
General Health 55.9+19.5 10.2 62.0+17.8 5.8 4.4(-2.6to 11.3) 0.25 0.21
Social Functioning 72.9+22.0 7.9 78.8+21.0 6.9 1.0(-8.7 to 10.7) 0.05 0.83
Role — Emotional 63.6 £+ 38.6 17.8 78.4 +£33.8 6.8 11.0(-3.7 to 25.7) 0.33 0.14
SF-36 Single questions of interest*
“During a typical day, did your health limit you :
-doing vigorous activities, such as running, lifting
heavy objects, participating in strenuous sports?” 1.9+0.8 0.2 1.6+0.6 0.2 -0.2(-0.4 t0 0.3) -0.33 0.68
-walking more than one kilometer?” 25+0.7 0.3 26+0.6 0.2 0.0(-0.3t0 0.4) 0.00 0.80
-bending, kneeling or stooping” 25+0.7 0.2 24+0.7 0.2 0.0(-0.3t0 0.3) 0.00 091
“Have you felt down during the past month?” 46+1.0 0.4 5.1£0.8 0.1 0.3(-0.2t0 0.8) 0.38 0.24

Note: Values are mean * standard deviation * Single questions of interest - as reported by Wu, 2010 as being indicative of symptoms associated with low
testosterone levels. The p values of the change from baseline were calculated by mixed model analysis, Effect size (Cohen’s d) calculated by dividing difference
between testosterone and placebo by the standard deviation of placebo standard deviation at baseline.

(Continued over)
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Table 2.2 Change in quality of life between testosterone and placebo (continued).

Testosterone (n = 33)

Placebo (n=34)

Baseline Mean change Baseline Mean change  Mean differences Effect  p-value
Mean + SD from Baseline Mean + SD from Baseline (95% Cl) size (d)

Epworth Sleepiness Scale 10.8+5.0 -1.6 12.0+4.3 -1.6 0.0(-1.4to 1.4) 0.00 0.99
Karolinska Sleepiness Scale 49122 -0.4 49+19 0.0 -0.4(-1.4t0 0.7) -0.21 0.48
Stanford Sleepiness Scale 28+1.1 -0.1 26111 0.2 -0.4(-0.9 t0 0.1) -0.36 0.15
FOSQ Domains

General Productivity 3.2+0.6 0.2 3.2+05 0.2 0.0(-0.2t0 0.2) 0.00 0.93

Social Outcome 34+0.8 0.2 3.2+0.7 0.3 -0.1(-0.4t0 0.2) -0.14  0.34

Activity Level 2.8+0.8 0.2 2.8+0.6 0.3 0.1(-0.3t0 0.2) 0.17 0.59

Vigilance 2.8+0.7 0.2 2.8+0.6 0.2 0.0(-0.2t0 0.2) 0.00 0.71

Intimate Relationships and Sexual Activity 3.0£09 0.3 3.2+0.7 0.2 0.1(-0.2 to 0.5) 0.14 0.50
FOSQ single questions of interest
“Has sleepiness or tiredness affected your...”

Intimate or sexual relationship 27+1.2 0.4 29+0.8 0.4 0.0 (-0.8 t0 0.8) 0.00 0.94

Desire for intimacy or sex 2.8+1.2 0.3 3.1+0.9 0.1 0.3(-0.5t0 1.1) 0.33 0.49

Ability to become sexually aroused 29+1.2 0.5 32+1.0 0.3 0.2 (-0.7 to1.1) 0.20 0.67

Ability to orgasm 3211 0.3 3.6+0.8 -0.5 0.8(-0.4t02.1) 1.00 0.19

Note: Values are mean + standard deviation. * Single questions of interest - as reported by Wu, 2010 as being indicative of symptoms associated with low
testosterone levels. The p values of the change from baseline were calculated mixed model analysis. Effect size (Cohen’s d) calculated by dividing difference

between testosterone and placebo by the standard deviation of placebo standard deviation at baseline.
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Figure 2.5 Quality of life changes with testosterone stratified by baseline testosterone

Note: Low T defined as <8nmol/L, high T defined as >8 nmol/L. These graphs show changes
from baseline for testosterone and placebo for low and high initial testosterone levels for
SF-36 questions for vitality, nervousness and feeling down. The overall interaction term is
shown at the bottom of the graph, and those at the side show between group differences.
The solid bar indicates significant differences between testosterone and placebo in those
with low testosterone. The dotted lines indicate no significant difference between

testosterone and placebo in the higher baseline testosterone group.
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2.4.4 Neurocognitive Function
Testosterone treatment did not change any parameter of neurocognitive function as

measured by the Stroop, Tower of London and PVT compared to placebo (Table 2.3).
Adding baseline blood testosterone concentrations as a continuous covariant, or via
stratification, did not alter the significance of any of the between-group associations in

mixed model analyses.
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Table 2.3 Effect of testosterone on neurocognitive tasks

Testosterone (n = 33) Placebo (n = 34)

Baseline Mean change Baseline Mean change Mean differences Effect size p-value
from baseline from baseline (95% Cl) (d)

Tower of London
Number of errors 0.2+0.1 -0.1 0.3+0.2 -0.1 0.0(-0.1t0 0.1) 0.00 0.98
Number of missed 40+3.0 -1.3 4.8+4.0 -1.4 0.1(-1.6 to 1.7) 0.03 0.92
goals
Execution time 22592.0 £ 7881.9 -1573.1 23543.2 £ 8399.2 -3761.3 2188.1 0.26 0.22
(usec) (-1369.6 to 5745.8)
Planning Time 12678.6 £ 5113.1 159.5 14547.9 £ 6910.6 -2024.2 2183.6 0.32 0.13
(usec) (-700.7 to 5068.0)
Psychomotor Vigilance Task
Reaction Time 2769 7.7 -12.7 271.2+9.2 -9.0 -3.7(-23.2 to 15.8) -0.40 0.70
(msec)
Reciprocal reaction time 39+0.5 0.1 39+0.1 0.1 0.1(-0.1t0 0.3) 1.00 0.35
(msec)
Number of Lapses 2.0+0.5 -0.9 23+1.3 -0.3 -0.7(-1.9t0 0.6) -0.54 0.29
Fastest Reaction 206.6 +4.7 -6.5 204.7 4.6 -2.9 -3.6(-14.6 to 7.4) -0.78 0.51
Time (msec)
Slowest Reaction Time 43.4 +26.2 -34.0 41.50+18.2 -13.5 -20.6(-83.24 t0 42.15) -1.13 0.51
(msec)
Stroop Test
Number of Text correct 97.2+10.3 0.1 94.2+19.4 5.6 -5.5(-14.8 to 3.8) -0.28 0.24
Number of Colour correct 95.2+16.8 -4.1 98.3+3.5 -11.5 7.4(-5.7 t0 20.6) 2.11 0.26
Text Reaction Time 1.0+0.2 0.0 1.1+0.3 -0.1 0.1(-0.1t0 0.2) 0.33 0.53
Colour Reaction Time 1.0+£0.3 0.1 1.2+04 0.0 0.1(-0.1t0 0.2) 0.25 0.34

Note: p-values of the change from baseline were calculated by mixed model analysis. Effect size (Cohen’s d) calculated by dividing difference between

testosterone and placebo by the standard deviation of placebo standard deviation at baseline.
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2.5 DISCUSSION

This is the first randomised controlled trial to examine the effect of testosterone on sexual
function, quality of life and neurocognitive performance in untreated OSA. These findings
show that in this population, testosterone administration, compared to placebo, increased
sexual desire independent of baseline testosterone levels but had no effect on erectile
function, neurocognitive function or overall quality of life.  Furthermore vitality,
downheartedness, and nervousness were improved in OSA patients with testosterone in the
hypogondal ranges.

2.5.1 Hormone Profile

Although the definition of low testosterone is unclear, there is general agreement that
levels above 12 nmol/L are normative, and below 8 nmol/L are low [189]. Inclusion into the
study was not on the basis of testosterone levels, rather the degree of obesity and
obstructive sleep apnoea, both known to reduce testosterone levels. The mean
testosterone level classifies this group as eugonadal, however, there were men found to be
in the hypogonadal range. This supports previous work which also found normative
testosterone levels in a sleep clinic population [396]. One small study found that 60% of
men with OSA were eugonadal, compared to 100 % of the age-matched non-OSA controls.
Furthermore, an additional study found eugonadal testosterone concentration even in
patients with more severe OSA (minimum oxygen saturation less than 70%) [398]. This is
despite several authors finding an independent association between the presence of OSA
and a reduced level of total testosterone, after other potential factors such as age and

obesity have been accounted for [287, 384, 389, 394, 395, 469].
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2.5.2 Sexual Function

Testosterone administration increased sexual desire in this eugonadal group of men. This
improvement occurred after only one dose of testosterone undeconate, and remained for
the duration of the study. The effect remained when only those with levels above previously
defined cut points were analysed proving unequivocally that this effect was independent of
baseline testosterone levels. Similarly, in a previous study on eugonadal (>20 nmol/L) men
with chronic obstructive pulmonary disease, testosterone administration increased overall
quality of sexual life with 6 months of treatment, however the effects on sexual desire was
not reported [230]. Previous randomised placebo-controlled studies which have specifically
recruited eugonandal men, using varying definitions to determine eugonadism, have
generally not reported any change in sexual function after the addition of exogenous
testosterone levels [205, 214]. Only one study of eugonandal men has found a similar result,
when supraphysiological doses were investigated as a contraception, in which there was an
increase in sexual desire without a corresponding change in sexual encounters, however this
increase was attributed to one individual, without whom the result was no longer significant
[214]. A meta-analysis of randomised controlled studies with androgen therapy showed no
difference between testosterone and placebo on erectile function, sexual desire or any
other sexual function in men with normal testosterone levels [213]. A later meta-analysis
found a non-significant increase in libido due to testosterone administration which was not
different across categories of testosterone level [196]. A similar result was found in a group
of men with diabetes, with baseline testosterone level of between 8 to 12nmol/L, in which
all sexual function parameters improved with testosterone administration, which was no
different than the response of those with testosterone of less than 8nmol/L, suggesting

baseline levels had little influence on response [503]. A potential reason the current study
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shows an increase in sexual desire, but not in other studies on eugonadal men may be that
the baseline testosterone level was in the lower end of eugonadal range (13nmol/L),
whereas other studies of eugonadal men have been in the range of 17-19nmol/L [212, 214].
In the meta-analyses mentioned, all studies were on men with higher baseline testosterone
than the present study [212, 214, 215, 472]. Indeed one early study reported that sexual
function parameters may be influenced at the lower range of normal [511]. Other authors
have previously reported similar positive treatment response in regard to erectile function
and libido, but only for those with low baseline testosterone levels, rather than overall [206,
213]. The current study was unable to replicate this finding, with the change in sexual desire
seen in the overall population, but not when data was stratified using predefined thresholds
of 8, 11 and 13 nmol/L [183]. Potentially, this may be explained by the increasingly
documented phenomena of different symptom appearance and reduction at differing levels
of serum testosterone in different populations [183]. On the other hand, the difference in
this study may be due to the population in this current study had severe OSA, and there may
be an alternate mechanism or testosterone threshold at which testosterone administration

increases sexual desire, which differs from those with normal breathing during sleep.

Despite an increase in sexual desire, no increase in sexual activity was seen in this
population. There was no requirement for participants to have a regular partner during the
study which may have an influence on the number of sexual attempts; however, there was
also no change in masturbation frequency. Habit, as well no change in social and
relationship factors concordant with the increase in libido may contribute to this finding. In
this study, the rating of sexual satisfaction did not change with testosterone administration.

This supports the findings of a previous meta-analysis of clinical trials in men with either low
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or normative levels of serum testosterone having no increase in sexual satisfaction, and
extends the finding to men with severe OSA [196].

2.5.3 Quality of Life

Testosterone not only mediates sexual function in males, it also contributes to aspects
regarding quality of life such as vitality and strength. Our results do not show, overall, any
increase in quality of life parameters of the SF-36 questionnaire with testosterone
compared to placebo. Similarly, there were no improvements in any SF-36 parameter with
testosterone compared to placebo in a study of men of older men (age 60-80 years) with
low (11 nmol/L) serum testosterone [512]. In contrast, in a non-placebo controlled study
comparing efficacy of injectable versus implantable testosterone in men with similar levels
of testosterone (13.8 nmol/L), improvements in quality of life as measured by the SF-36
guestionnaire were seen in the domains of vitality, physical function and social function
with both treatment modalities [187]. Lack of placebo control, however, limits the

interpretation of these improvements seen.

Previous investigations have found improvements in individual questions of the SF-36
(fatigue, vigor, ability to walk more than more than 1 kilometre, bending, kneeling or
stooping and of feeling down) with testosterone supplementation, but only for those with a
the lowest baseline threshold tested, that of 8nmol/L [183]. This study also analysed these
individual questions of interest, and similarly, found a threshold of 8nmol/L to be below
which, testosterone therapy is able to improve the parameter of feeling down, however,
was unable to replicate the other findings. However, other domains on the SF-36 were
found to have a threshold influence, that of vitality and of nervousness. Vitality has been

shown to increase with testosterone supplementation, when performed in men with very
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similar basal testosterone levels to the current study (13.8nmol/L) [187]. This difference
may be due to a differing population, that of men with OSA, who may have a differing

threshold at which treatment is effective.

There was no change with the level of sleepiness, nor functional outcomes of sleep
guestionnaire with testosterone compared to placebo, a finding which supports that of the
only other study reporting this outcome, which used higher doses of testosterone than the
present study [260].

2.5.4 Neurocognitive Function

Men with OSA are more likely to have mild detriments in some aspects of memory than the
general population, which may be due to a reduction in alertness [494, 496], while the
reduction in executive and psychomotor tasks, such as reaction time also seen in men with
OSA, may be due to repetitive hypoxia [492]. Thus, this group of men with OSA may have
some neurocognitive impairment prior to study entry. Given the inconsistency of results
regarding the impact of supplemental testosterone in neurocognitive function, this study
provides an opportunity to examine, in a population more likely to have impairment, the
effects of testosterone. Our results show that in this population of men with OSA,
neurocognitive function, including memory, executive function, and reaction time, does not
change with testosterone administration. Recent work in older men, with OSA status
unspecified, also found no change in executive function, memory and spatial cognition using
large doses of testosterone [242]. Several small studies have reported improvements in
memory and spatial cognition for older men but generally only those who had an initial
lower level of testosterone [246, 247, 497]. Stratification of the current data by baseline

testosterone levels of 8, 11 & 13nmol was unable to show any changes in neurocognitive
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outcomes at any threshold. In the non-OSA population there is no clear conclusion that
testosterone therapy enhances, impairs or has little effect on neurocognition [205, 231, 242,
245, 246]. The current results suggest that in an OSA population, testosterone therapy has
no effect on memory, executive function, or reaction time.

2.5.5 Strengths and Limitations

This study provides a randomised placebo controlled study of the subjective effects of
testosterone in regards to sexual function. Being a purely subjective measurement, placebo
control is imperative to assess the impact of therapy. Defining sexual desire and describing
its manifestation is difficult [8]. Various aspects of sexual function such as arousal, desire,
and behaviour, intertwine and influence each other. These different facets are driven by a
complex mix of neurochemical, neuroanatomical, psychological and social factors, and
sexual desire can be difficult to report in a quantitative research [5]. Subjective
measurement via questionnaire is an easy to administer method in clinical research;
however, the limitations in this technique must be recognised. A visual analogue scale
(VAS), previously been used to assess sexual function in testosterone therapy has been used
in this study [187]. An alternative subjective questionnaire, the International index of
Erectile Function, has been validated and is more widely used than the VAS used in this
study, and may have been a useful measurement tool to allow comparisons between this
and other studies [89, 90]. There is no objective measurement of sexual desire, resulting in
a reliance on subjective assessment. Erectile function can be quantified using penile
tumescence monitoring under nocturnal or provocative conditions [513, 514]. Other studies
have shown an increase in erection quality with testosterone using this technique [515].
Analysis of erectile function in this manner may have given a greater insight into

testosterone effects on physiologically measured erections. Nevertheless, this study, being
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placebo controlled overcomes some of the limitations of subjective measurements, and

thus provides valid outcomes for this population.

Consideration should be given to the concept that the sexual function effects of
testosterone administration in OSA may only be relevant in patients with symptoms. There
is no reference value available for a normal level of sexual desire. As a result it is unclear if
this group of men had reduced or normal libido at baseline. This study did not specifically
target those with such symptoms, nor was a reduced level of testosterone a study entry
requirement. The population in this study, having severe obstructive sleep apnoea, differs
from that in the majority of previous research in androgen administration. Sleep apnoea
has not been listed as an exclusion criterion in previous studies, and has not been routinely
excluded in the majority of these studies, despite the recommendations not to give
testosterone to men with OSA. Given the prevalence rates of undiagnosed or untreated
sleep apnoea, there may well be some men in these studies which do have sleep apnoea;

however, this is not able to be determined.
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2.6 CONCLUSION

Testosterone therapy improved sexual desire in obese men with OSA regardless of baseline
serum testosterone in this 18 week study. Neither erectile function, nor any other
parameter of sexual health improved with testosterone. There were no overall changes in
neurocognition or quality of life; however, those with lower levels of baseline serum
testosterone were shown to improve in the genres of vitality, feeling down and nervousness
only, as measured by the SF-36. These positive effects on quality of life measurements for
men with OSA and a baseline testosterone of less than 8 nmol/L, are similar to those seen in
the non-OSA population. Although testosterone therapy can be safely prescribed to men
with OSA, its efficacy is limited to an increase in libido for all men and some quality of life

parameters for those with low baseline levels.

-117 -



3 Methodology: 2x2 Factorial designed study - the effect of
CPAP and Vardenafil on Sexual Function in men with
Obstructive Sleep Apnoea and Erectile Dysfunction.

3.1 CHAPTER SUMMARY
This National Health and Medical Research Council (NHMRC) funded study was a 2 x 2

factorial design randomised ‘sham’ & placebo controlled protocol investigating the effect of
both CPAP and Vardenafil, in men with OSA and ED. Sixty-one men were recruited into the
study at one of two sites — Sydney and Melbourne. Participants were randomised to receive
12 weeks of either CPAP or sham CPAP, as well as 12 weeks of 10mg daily Vardenafil, a PDE-

5 inhibitor or placebo.

This chapter describes methods used to both acquire and analyse the data, including study
design, inclusion criteria, polysomnographic methods, subjective and objective assessments
of sexual function, as well as subjective measures of quality of life, and the statistical

analysis of the factorial design.

Factorial studies provide a cost and resource effective tool to evaluate two separate
interventions, in which the efficacy of one treatment does not affect the efficacy of the
other. This assumption was tested, with analysis of the interaction between treatments
provided here. No interactions were found; therefore the factorial study can be treated as

two separate trials which are reported in Chapters 4 and 5.
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3.2 METHODS

3.2.1 Study Design
This 2x2 factorial designed study, assessing the efficacy of both CPAP and Vardenafil in men

with obstructive sleep apnoea (OSA) and erectile dysfunction (ED) was performed in Sydney
at the Woolcock Institute of Medical Research, Glebe, New South Wales and in Melbourne
at the Department at Respiratory and Sleep Medicine, Monash Medical Centre, Clayton,
Victoria. After screening to ensure all inclusion and exclusion criteria were met, a baseline
visit was conducted to determine initial levels of sleep disordered breathing, objective
erectile function, hormonal analysis, subjective measurements of sexual functioning and
quality of life. After baseline data collection, eligible participants at each site (Sydney and
Melbourne) were randomised using two separate computer generated randomization list in

blocks of four to one of four groups, as follows —

1. CPAP & Vardenafil;
2. CPAP & Placebo;
3. Sham CPAP & Vardenafil;

4. Sham CPAP & Placebo.

Short visits at week 4 and week 8 were undertaken, during which subjective measurements
were conducted, as well as CPAP / sham CPAP machine download to assess adherence to
treatment, and a manual count of returned medication in order to assess medication
adherence. At these visits, routine clinical observations were also taken (blood pressure,
pulse rate), and participants were asked about any adverse events which may have
occurred. At 12 weeks, all measurements which were taken at baseline were again

performed while using the allocated treatments (see figure 3.1).
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Figure 3.1 Study Design

3.2.2 Participants
Sixty-one men aged between 18-65 years who had both obstructive sleep apnoea, and

reported erectile dysfunction were recruited into the study from sleep clinics at Royal Prince
Alfred Hospital, Sydney, the Woolcock Institute of Medical Research, Sydney, and Monash

Medical Centre, Melbourne, or via community advertising in print and radio.

This study protocol was approved by Human Research Ethics Committee, Concord
Repatriation General Hospital for the Sydney site, and Southern Health Human Research
Ethics Committee for Melbourne. Site specific ethics approval was obtained through Human
Research Ethics Committee, Royal Prince Alfred Hospital, and the Research Governor,
Woolcock Institute of Medical Research. All participants provided written consent. Protocol
development, electronic source note provision and records, analysis and overall supervision

of the study was conducted at the Woolcock Institute of Medical Research.
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Participants were required to have at least moderate OSA, defined as an AHI of greater than
20 events per hour, with an oxygen desaturation index of 3% or greater (ODI3) of at least 15
events per hour, as well as erectile dysfunction, defined as a score of less than 26 in the
erectile function domain of the International Index of Erectile Function (lIEF) questionnaire
since a score of 26 or more indicates no erectile dysfunction. To be included in the study,
participants must have been in a stable relationship for at least six months. Excluded from
the study were those who had irreversible erectile dysfunction, concurrent treatment with
nitrates or nitric oxide donors, treatment of ED within the last month, severe renal or
hepatic impairment, uncontrolled diabetes or hypertension, were current smokers, night
shift workers, were unable to read the information sheet due to language barrier, or had
any chronic medical condition that may limit participation. Those men who were unwilling
to use CPAP or whose condition required immediate treatment due to severity or
occupation were also excluded. Current medications taken by participants were
documented, and the possibility of drug interaction was avoided by careful screening. No
medications, apart from the investigational drug, Vardenafil, were changed or initiated by
the investigators during the study.

3.2.3 Interventions

Continuous Positive Airway Pressure (CPAP), the first line therapy for obstructive sleep
apnoea, was used to maintain upper airway patency during sleep. An established method of
a placebo control, an inactive CPAP, “sham CPAP” [516], was used to ensure blinding of

participant and study co-ordinator (further explained in section 4.3.3).

A PDE-5 inhibitor, the first line therapy for erectile function was also used. A low (10

milligrams) daily dose of Vardenafil hydrochloride trihydrate (product name Levitra) or
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placebo (Bayer Schering, Berlin, Germany) was administered. Participants were instructed
to take one tablet daily 60 minutes before attempting to fall asleep, regardless of their
intention to attempt sexual activity (further explained in section 5.3.2)

3.2.4 Statistical Analysis

Statistical analysis was performed using SAS statistical package version 9.2 (SAS Institute,
Cary, North Carolina, USA). The sample size was determined on the basis of previously
published data of a non-placebo controlled study, in which 3 months of CPAP increased the
IIEF-ED domain from 7.0 £ 2.1 to 9.3 + 3.3 [484]. Assuming conservatively that vardenafil

exerts an effect at least as great as CPAP, a sample size of 100 (n=20 withdrawal
allowance. Total subjects = 120) will have 80% power to detect both a CPAP vs sham and a

vardenafil vs placebo effect. The randomisation code was broken only after all data were
collected, data was cleaned and locked, and data was analysed using intention-to-treat
principles. This study was analysed as per established guidelines on factorial randomised
controlled trials [517, 518]. By performing a 2x2 factorial study, two interventions, which do
not have an effect on each other, can be evaluated in the same patients in parallel, allowing
a cost-effective method of research [517]. This assumption was tested prior to the two
treatments being considered individually. Firstly, a mixed model analysis was used to test
the 3 way interaction between the two treatments as well as time. Following this, if no
significance was found, the interaction between the two treatments was tested, removing

time from the analysis, in order to ensure no interaction between the two treatments.
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3.2.5 Subjective Assessments
Subjective measurements of sexual function, relationship quality and quality of life were

assessed at baseline and after 4, 8 and 12 weeks of treatment using self-administered
computerized or paper based questionnaires, the administration method of which was
consistent for individual patients. The session required approximately 1 hour of patient
time. Sexual function was assessed primarily using the International Index of Erectile
Function, which comprises 16 items related to various facets of erectile and sexual function
[89]. This questionnaire is now the gold standard patient reported outcome which is
accepted by the US Food and Drug Administration and other regulatory authorities for
registration of new therapies for erectile dysfunction [89]. From this questionnaire, an
overall score is obtained, as well as scores for the domains of erectile function, intercourse
satisfaction, orgasmic function, overall satisfaction and sexual desire. Additional measures
of sexual function were obtained from the European Male Aging Study (EMAS)
guestionnaire, which is of particular relevance for the aging male, with questions relating to
changes in and distress caused by sexual dysfunction, as well as overall sexual functioning
[84, 85]. An insight into confidence, self-esteem and relationship functioning was gained
through the use of the Self-Esteem And Relationship (SERS) questionnaire [519]. Quality of
life was assessed using questionnaires designed for general and sleep specific applications.
To assess overall health, the generic Short-Form Medical Outcomes Survey (SF-36) was
used. This 36 item questionnaire consists of eight domains — physical functioning, role
limitations because of health or emotional problems, body pain, general health, vitality,
social function and mental health, as well as 2 summary measures of physical and mental
health [333, 334, 520]. To assess mood, the 21 item Depression Anxiety Stress Scale was

used [521-523]. The Functional Outcomes of Sleep Questionnaire has been developed for
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use in patients with sleep disorders to assess the impact of sleepiness on quality of life and
was used to provide an overall score, as well as scores for the domains of activity, vigilance,
intimacy, productivity and social factors [339]. Levels of sleepiness were assessed using the
Epworth Sleepiness Score (ESS), a questionnaire in which 8 scenarios are presented for

participants to rate their likelihood of falling asleep or dozing [324, 524].

Satisfaction of the treatment used in regards to its effect on erectile function was assessed
at Week 4, Week 8 and Week 12 using the Erectile Dysfunction Inventory of Treatment
Satisfaction (EDITS) questionnaire [93]. All items on the EDITS were scored from zero (no
satisfaction or dissatisfaction) to four (high satisfaction). The mean satisfaction score for
each patient was calculated. Each mean score was multiplied by 25 giving a range between
0 (extremely low treatment satisfaction) to 100 (extremely high treatment satisfaction). A
score over 50 deemed the participant to be satisfied with treatment [525]. Treatment
satisfaction, as determined via this questionnaire, has been found to be pivotal in regards to

successful long term therapy for ED [526].
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3.2.6 Measurement of Sleep Related Erections

Sleep Related Erections (SRE’s) were measured via Nocturnal Penile Tumescence (NPT)
monitoring prior to treatment and at study completion using a Rigiscan Plus monitor (Timm
Medical Technologies, Minnesota, USA). This device records the frequency and duration of
tumescence (circumference) and rigidity (hardness) of the base and tip of the penis during
sleep. The recording device is strapped to the participant’s thigh using a commercially
available strap with a customised pocket to hold the device for the duration of the sleep
period. Two small tension cables extend from the device to the penis, which move freely
through a conduit and disposable loop covers. These loops are placed around the base and
tip of the penis which gently tighten and release every 15 seconds at a force of 114 grams.
After the dilatation of the loop, the penile tissue rebounds to the pre-intervention state.
During this rebound, a measurement of the erectile tissue engorgement is taken. If an
increase in tumescence is detected, compared to previous results, and has shown at least a
6mm increase, a second measurement is taken every 30 seconds. This second
measurement records rigidity by tightening the loops to a linear force of 283.5grams and

determines the cross sectional response to radial compression [102].

Parameters recorded for each session included number of erections (defined as a 20%
increase in tumescence from baseline lasting at least 3 minutes), erection duration in both
time and percent of recording, percentage rigidity (compared to 100% being a hard-rubber
cylinder), rigidity activation units (a product of minutes spent at a given rigidity level in
decimal form, summated for the duration of the erectile event) of both the base and the
tip, as well as tumescence activation units (the duration of an erectile event multiplied by
the percentage increase in circumference, as a decimal, over the baseline tumescence) of

both base and tip [103].
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Criteria used to distinguish between the traditional categorisations of organic and
psychological origin of ED was as described in commercial documentation of the Rigiscan
[527]. To fulfil the criteria of ED due to organic causes, three of the following were required

during one night of recording:

1. Lessthan 3 erections recorded.

2. Less than 10 minutes of erection recorded

3. Less than 10 minutes of erection at greater than 60% rigidity at the base or tip
4. Less than 3cm increase in tumescence at the base of the penis

5. Lessthan 2cm increase in tumescence at the tip of the penis

As penile tumescence monitoring may be viewed as unacceptable by some participants, a
choice was given to opt out of having this test performed. If participants did agree to be
monitored, a short fifteen minute characterisation session was performed in the laboratory.
This was used for both patient orientation to the device and for measurement of a baseline
recording of tumescence. After watching an instructional DVD (Timm Medical Technologies,
Minnesota, USA), the participant self-applied the Rigiscan and a baseline recording of at
least 5 minutes duration was performed while the penis was in the flaccid state. After
ensuring the participant was able to correctly use the Rigiscan, two consecutive nights of
data were collected while the participant slept at home, as acclimatization nights. A third

recording was performed concurrently with polysomnography in the sleep laboratory.

A unique calibration tool was developed in-house to ensure intra- and inter-reliability of the
recordings. Cylindrical cross sectional areas of differing diameters representative of varying

penile size were lathed into a solid pipe, providing a known circumference to measure
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against. Regular testing of the Rigiscan using this device was undertaken, particularly at
times of instability and after annual servicing.

3.2.7 Polysomnography

Overnight polysomnography was performed prior to commencement of study treatment, as
well as after 3 months of treatment, in an attended laboratory setting and analysed using a
Sandman Elite system and software (Sandman Elite v9.2, Tyco Healthcare, Denver,
Colorado) at the Woolcock Institute of Medical Research, Glebe, New South Wales (Sydney
site), or Compumedics Profusion 2 (Melbourne, Australia) at the Department of Respiratory

and Sleep Medicine, Monash Medical Centre, Clayton, Victoria (Melbourne site).

Standard sensors and measurement techniques were used as per contemporary guidelines
for clinical polysomnography [528]. Sleep stage was recorded via electroencephalography
(EEG) using the conventional 10-20 system [529] at four sites — C3, C4, 01, & 02 which were
each referenced to their opposing mastoid - M1 & M2. Eye movements were recorded using
electrooculography for left and right eyes, referenced to M2 and M1 respectively. Sub-
mental chin electromyography via differential surface electrodes provided an indication of
muscle tone. At the baseline visit, respiratory flow was measured using pressure
transduced airflow obtained via nasal cannula, as well as via thermistor to obtain oral
respiration. The degree of thoracic and abdominal movement was monitored via
respiratory inductive plethysmography using specialised belts around the chest and
abdomen. Peripheral oxygen saturation (Sa0;) was obtained as a continuous measurement
using either inbuilt (Sydney site) or external finger pulse oximetry entrained into the
polysomnograph (Melbourne site). Other routine polysomnographic variables were also

recorded as per standard practice [528]. These comprised a single channel
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electrocardiograph, anterior tibialis electromyography (leg EMG), body position and digital

video.

Manual sleep staging and scoring of these recordings was performed by the same blinded
sleep technologist at each site using American Academy of Sleep Medicine guidelines for
sleep staging and respiratory scoring [528]. Each 30 second epoch was designated as being
either wake, Stage N1, Stage N2, Stage N3 or REM sleep. Stages 1 through 3 were summated
and reported as NREM. From this analysis, calculation of sleep parameters was performed,
including time spent in each sleep stage, total sleep time, sleep latency (time to fall asleep),

and sleep efficiency (percentage of time in bed spent asleep).

Arousals from sleep were identified as being a significant shift to a faster frequency for at
least 3 seconds after at least 10 seconds of sleep had occurred. Those arousals which
occurred in REM sleep also required an increase in muscle tone [528]. The number of

arousals per hour of sleep recorded was reported as the arousal index.

Respiratory events were identified and scored manually on the basis of airflow, oxygen
saturation and EEG. Apnoeas were defined as being a cessation of airflow for a minimum of
10 seconds and classified as being obstructive if respiratory effort was seen on the
abdominal or thoracic trace, central if there was an absence of such effort, or mixed if there
was a combination of the two. Hypopnoeas were defined as a reduction of airflow for more
than 10 seconds, followed by an arousal or at least 3 per cent oxygen desaturation. All of
these events were reported in terms of events per hour of sleep as the apnoea hypopnoea
index (AHI). Oxygen desaturation index was automatically determined via the acquisition /

analysis software, through identification of decrease in oxygen saturation by at least 3 per
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cent during periods of sleep, expressed as the number of these events per hour of sleep

(ODI3).

At the week 12 visit, CPAP or sham CPAP was used for the duration of the sleep period.
Polysomnography was repeated using the same methodology as baseline, however, oxygen
tubing was attached to the CPAP mask to obtain respiration measurements through a
pressure transducer, rather than via nasal cannula and a thermistor was not used. All other
methodologies remained the same between visits. The CPAP or sham CPAP device was set

to the pressure settings used during the study period.
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3.3 RESULTS

The flow of participants through the study is shown in figure 3.2. Sixty-one men were
randomized into the study, of these, 49 were from the Sydney site and 12 were from
Melbourne. There were no significant differences in any of the primary outcome variables,
between the participants from Sydney & Melbourne however, participants from Sydney
reported a higher masturbation frequency (data not shown). Six participants withdrew from
the study after randomisation. Four participants were from the Sydney site, while two were
from Melbourne. Of these, two withdrew from the study due to being unhappy with the
CPAP/sham CPAP and four withdrew due to personal reasons. Four of the six withdrawals
were randomised to receive placebo medication, and four of the six withdrawals were
randomised to receive sham CPAP. There was no difference in any demographic, sleep or
erectile function parameter between those who withdrew and those who completed the

study (data not shown). Fifty five men completed the study.

Twenty participants were adherent to CPAP/sham CPAP, as defined by at least 4 hours per
night usage. Of these, 12 were allocated to CPAP, 8 to sham CPAP, further explained in

section 4.4.6.
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3.3.1 Interactions between Treatments
No interactions were found between the two treatments in either a three way or two way

analysis. Subjective outcomes, that of questionnaire data, are presented in table 3.1, for
both 3 way (CPAP/sham*Vardenafil/Placebo*time) and, since none were significant, a 2 way
(CPAP/sham*Vardenafil/Placebo) analysis, also shown in table 3.1. One objective outcome,
the measurement of sleep related erections, is presented in a 2 way interaction only
(CPAP/sham CPAP*Vardenafil/Placebo), since this was performed only at the baseline &
final visits (table 3.2). There were no interactions between the two treatments in either a 3-
way or 2-way analysis for any objective or subjective parameter measured. The factorial
design assumption, that CPAP does not affect the efficacy of Vardenafil, and vice versa, was

confirmed to be upheld.

-132-



Table 3.1: Interaction terms for subjective parameters

3-way 2-way

p-value p-value
International Index of Erectile Function (lIEF)
IIEF - Overall Score 0.7647 0.5641
IIEF - Erectile Function 0.6274 0.6287
IIEF - Intercourse Satisfaction 0.7840 0.5118
IIEF - Orgasmic Function 0.8124 0.4229
IIEF - Overall Satisfaction 0.4974 0.8174
IIEF - Sexual Desire 0.2194 0.8201
European Male Aging Study questionnnaire (EMAS)
EMAS - Overall Score 0.7413 0.7081
EMAS - Sexual Function Distress 0.7609 0.8238
EMAS - Change in Sexual Function 0.9543 0.9340
EMAS - Overall Sexual Function 0.5679 0.9187
EMAS - Masturbation 0.4843 0.9496
Self-Esteem and Relationship Satisfaction (SERS)
SERS - Overall Score 0.9381 0.6539
SERS - Sexual Relationship Satisfaction 0.8324 0.5662
SERS - Confidence 0.9764 0.9573
SERS - Self Esteem 0.4464 0.8250
SERS - Overall Relationship Satisfaction 0.2087 0.4835
Erectile Dysfunction Inventory of Treatment Satisfaction (EDITS) 0.7692 0.0552
Functional Outcomes of Sleep (FOSQ)
FOSQ - Activity 0.1802 0.5258
FOSQ - Vigilance 0.1541 0.8248
FOSQ - Intimacy 0.5258 0.1757
FOSQ - Productivity 0.3789 0.7839
FOSQ - Social Outcomes 0.683 0.5422
Short-form 36 (SF-36)
SF-36 Physical Function 0.8658 0.4801
SF-36 Role Physical 0.3894 0.3732
SF -36 Body Pain 0.1139 0.2254
SF-36 General Health 0.9690 0.1648
SF-36 Vitality 0.4036 0.7082
SF-36 Social Function 0.4396 0.4267
SF-36 Role Emotional 0.2568 0.4513
SF-36 Mental Health Scale 0.0717 0.6157
SF-36 Physical Health 0.3559 0.1364
SF36 Mental Health Dimension 0.1128 0.4213
Depression Anxiety Stress Scale (DASS)
DASS Depression 0.9421 0.2350
DASS Anxiety 0.538 0.4421
DASS Stress 0.8581 0.5940
Epworth Sleepiness Score (ESS) 0.1697 0.7379

Note: p-value determined via mixed model analysis.
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Table 3.2: Interaction terms for sleep related erections

Sleep Related Erections 2-way
p-value
Total Number of Erections 0.7216
Tip Rigidity Activation Units 0.1550
Tip Tumescence Activation Units 0.3073
Base Rigidity Activation Units 0.4923
Base Tumescence Activation Units 0.2739

Note: p-value determined via mixed model analysis.
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3.4 DISCUSSION & CONCLUSION

The efficacy of CPAP treatment was not affected by Vardenafil and vice versa for any of the
outcomes of this study. In a systematic review regarding the reporting of factorial studies,
recommendations were made that interactions from a 2x2 factorial study should be
reported, which has been presented here, and that factorial trials are an efficient means of
testing two treatments [518]. According to this review, performed in 2003, 82% of the 44
factorial studies found were performed in order to be an efficient manner of testing two
treatments in the same population, with the remaining studies testing cumulative effects of
two treatments. All trials, except one, reported outcomes for each treatment individually
(that is, treatment A versus treatment B, and Treatment C versus Treatment D), 59%
reported interactions between the two treatments, and only 6% found any such interaction
[518]. The current trial fulfils the requirements of reporting results of interaction analysis,
with no such interactions present. The two trials are able to be analysed separately with
confidence that the other treatment did not influence efficacy. These two trials are

presented in Chapters 4 and 5 respectively.
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4 Effect of CPAP treatment on sexual function, relationship
quality, mood and quality of life in men with obstructive
sleep apnoea and erectile dysfunction

4.1 CHAPTER SUMMARY

Background: Erectile dysfunction and obstructive sleep apnoea often coexist. Treatment
of OSA using CPAP has been reported to improve erectile function; however previous
studies have not been performed using the best available placebo (sham) control. The
effects of CPAP on other parameters of sexual function have been conflicting. This study
aims to assess the effect of CPAP, using a sham CPAP control, on sexual function and quality

of life.

Methods: Sixty-one men with severe OSA (AHI 46.1 + 25.8), who were naive to CPAP were
randomised to either CPAP or sham CPAP as part of a 2x2 factorial study also investigating
the efficacy of a PDE-5 inhibitor, Vardenafil, for a period of 12 weeks. Subjective measures
of sexual function, mood, relationship factors and quality of life were assessed prior to, and
after 4, 8 and 12 weeks of allocated treatment. Objective measurement of erectile function
was assessed at baseline and at study completion with nocturnal penile tumescence

monitoring.

Results: CPAP, overall, improved overall sexual satisfaction but did not improve subjective
erectile function. By week 12, both subjective erectile function and sexual desire improved
but only in those men who used CPAP more than 4 hours per night during the treatment
period. The number of erections during sleep increased with CPAP compared to sham CPAP
(from 2.7£1.9 to 4.1+2.0, p=0.0006), but these did not change in quality. CPAP, compared
to sham CPAP, when used more than 4 hours, reduced distress due to sexual dysfunction,
and improved mental health, depression, stress, anxiety, sexual relationship satisfaction and

participants were satisfied with treatment efficacy.

Conclusion: CPAP, when used as prescribed, is effective in improving sexual health and
function in men with erectile difficulties, as well as improving mental health and quality of

life. However, effective treatment was tolerated by less than half of study participants.
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4.2 INTRODUCTION

Erectile dysfunction (ED) is associated with untreated obstructive sleep apnoea (OSA) [30,
396, 409, 415, 422, 425]. An apnoea hypopnoea index (AHI) of greater than 15 has been
found in a large population study to have an odds ratio of having ED as 2.75 [57], with
prevalence rates of ED reported in men with OSA ranging from 29-69% [409, 414, 422]. The
association between the two conditions is often not addressed in clinical practice and is
unknown to many patients undergoing Continuous Positive Airway Pressure (CPAP)

treatment for OSA [414, 487].

Quality of life for both men with OSA and men with ED is known to be reduced [338, 530-
532] However, for those men who have both conditions, there can be further decrements in
quality of life and mood than with OSA alone [414]. Erectile dysfunction impacts on the
ability to maintain a healthy sexual relationship, and the social impacts of loud snoring and
disrupted sleep for the bed partner can result in a reduction of relationship quality and

increase marital conflict [369, 533, 534].

Treatment of OSA using CPAP has long been established as an effective treatment to reduce
airway obstruction during sleep [466]. In addition to improvements in hypertension [365],
cardiovascular disease [535], sleepiness [536], and quality of life [330], CPAP has also been
shown, to a lesser extent, to improve some aspects of sexual function and relationship
quality [412, 474]. Erectile function, measured using the International Index of Erectile
Function (IIEF) questionnaire, the gold standard of measurement of ED, has shown to
increase with CPAP use in uncontrolled trials [484]. Objective measurements of erectile
function through the use of nocturnal penile tumescence monitoring have also shown
improvements due to CPAP [433, 438, 537]. To date, however, studies investigating the

effects of CPAP on sexual function have been limited to observational or non-CPAP placebo
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or alternate treatment trials. Randomised sham-controlled CPAP studies have not been

performed.

This study aims to investigate the efficacy of CPAP as a treatment for ED using a sham
control, while assessing sexual function, mood, and quality of life parameters. Since sexual
function is a self-reported subjective outcome, sham control is paramount to ensure

adequate blinding.

4.3 METHODS

This was a multisite study, performed in Sydney at the Woolcock Institute of Medical
Research, Glebe, New South Wales and in Melbourne at the Department at Respiratory and
Sleep Medicine, Monash Medical Centre, Clayton, Victoria, as described in section 3.2.
4.3.1 Study Design

This study was performed as part of a 2x2 factoral study, investigating the effects of CPAP
and Vardenafil in men with OSA and ED. Sample size was determined as described in
section 3.2.4. After baseline data collection, eligible participants at each site (Sydney and
Melbourne) were randomised, using two separate computer generated randomization list in
blocks of four, to either CPAP or sham CPAP, to be used for 12 weeks at home. Clinical
assessments and subjective measurements were assessed before, as well as after 4, 8 and
12 weeks of treatment. Objective measurements were performed at baseline, and at Week
12 whilst using their allocated treatment (see section 3.2.1).

4.3.2 Participants

Sixty-one men aged between 18-65 years who had both OSA, and reported ED were
recruited into the study as described in section 3.2.2. Briefly, participants were required to
have at least moderate OSA, defined as an apnoea-hypopnoea index (AHI) measured by
polysomnogram, of greater than 20 events per hour, with an oxygen desaturation of 3 % or

greater (ODI3) of at least 15 events per hour, as well as ED, defined as a score of less than 26
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in the erectile function domain of the International Index of Erectile Function (IIEF)
questionnaire.

4.3.3 CPAP Treatment and Sham CPAP Control

CPAP is the first line therapy for obstructive sleep apnoea. Participants were randomly
allocated to receive either active CPAP or inactive CPAP therapy — “sham CPAP”- for the
duration of the study. Sham CPAP comprised an adapted machine and mask which ensured
that the patient received sub-therapeutic (less than 1 cmH20) therapy, but experienced all
other facets of CPAP use. The CPAP motor was set to deliver 10 cmH20, which was
displayed on the patient interface screen. A setting of 10cmH20 is a valid setting for real
CPAP, and would not unblind the staff member to the treatment allocation. A restrictor
within the device limited the flow output, considerably reducing the pressure delivered. In
addition, the usual mask elbow was replaced with a sham mask variant, which had a larger
than normal expiratory port [538] . This method of sham control has been successfully used
in several other studies [364, 539-542], and analysis of patient perception shows that when

used in CPAP naive patients, adequate blinding is maintained [516].

Prior to commencing on therapy, all participants received an individual education session on
obstructive sleep apnoea and CPAP, lasting 1-1.5 hours, delivered by the same staff member
in each location, using methods shown to increase adherence to CPAP therapy [543].
Following the education session, each participant chose the most appropriate mask out of
those provided to him, which was then tested for suitability regarding correct seal and
comfort. The mask was applied with low pressure for about 15 minutes for the participant
to become familiar with the sensation, and any questions or concerns allayed. Correct

application of the mask and usage of the CPAP machine was reinforced.

Individual pressure requirements for each participant allocated to receive real CPAP were

determined via a minimum three night home auto-titration using a Respironics Remstar Pro
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CPAP machine (Pittsburgh, USA). A minimum of 4 hours use on any one night was required
for the titration to be acceptable. The internal algorithm was used to determine a pressure
sufficient to maintain airway patency in each subject. The pressure listed as the 95t
percentile was then used to set the machine in a fixed mode for the remainder of the 12
week treatment period. Those participants allocated to receive sham CPAP completed the

same procedure, using a sham version of the Respironics Remstar Pro (Pittsburgh, USA).

Double blinding of CPAP settings was strictly maintained via complete separation of
machine and mask preparatory procedures from those who had interaction with the
participant. All patients, regardless of randomization, completed the home titration
procedures. Due to the possibility of unblinding by observation of the CPAP mask, all
participants were instructed to speak with an alternate staff member, other than the study
co-ordinator, concerning any difficulties they may have with CPAP. This staff member was
not involved in any data analysis. CPAP mask choice was limited to those which had a sham
version available. This limited the range of masks which could be used to contemporary
Respironics nasal masks, namely, Comfort Fusion, Comfort Select, Comfort Gel, Comfort

Classic and Profile Lite. Neither full face masks nor nasal pillows were used.

Adherence to CPAP therapy was monitored via product specific memory cards, which were
downloaded every 4 weeks of the study. To aid adherence, after 4 weeks of usage all
participants watched an 8 minute short film of 4 individuals whom had overcome initial
difficulties using CPAP but had persevered to become successful CPAP users. During the
study, all efforts were made to encourage participants to use the device whenever they
slept. CPAP therapy was commenced without humidification, however, if the participant
expressed any concerns regarding nasal stuffiness or dryness, a humidifier was supplied.
Appropriate education regarding correct and safe usage of the humidifier was provided

prior to initiation.
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4.3.4 Subjective Assessments
Subjective measurements of sexual function, relationship quality and quality of life were

assessed at baseline and after 4, 8 and 12 weeks of treatment using self-administered
computerized or paper based questionnaires as described in section 3.2.5.

4.3.5 Measurement of Sleep Related Erections

Sleep Related Erections (SRE’s) were measured via Nocturnal Penile Tumescence (NPT)
monitoring prior to treatment and at study completion, during polysomnography, using a
Rigiscan Plus monitor (Timm Medical Technologies, Minnesota, USA) as per section 3.2.6.
4.3.6 Blood Parameters

Fasting blood samples were collected in the morning after the overnight sleep study at
baseline and at Week 12. Parameters assessed included reproductive hormones and routine
full blood examination.

4.3.7 Polysomnography

Overnight polysomnography was performed prior to commencement of study treatment, as
well as after 12 weeks of treatment, in an attended laboratory setting and analysed using a
Sandman Elite system and software (Sandman Elite v9.2, Tyco Healthcare, Denver,

Colorado) as per section 3.2.7.

At the week 12 visit, CPAP or sham CPAP was used for the duration of the sleep period.
Polysomnography was repeated using the same methodology as baseline, however, no
thermistor was used and oxygen tubing was attached to the CPAP mask to obtain
respiration measurements through a pressure transducer, rather than via nasal cannula. All
other methodologies remained the same between visits. The CPAP or sham CPAP device

was set to the pressure settings used during the study period.
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4.3.8 Statistical analysis
Statistical analysis was performed using SAS statistical package version 9.2 (SAS Institute,

Cary, North Carolina, USA), as described in section 3.2.5. Student t-tests and Fishers exact
test were first used, as appropriate, to establish differences in groups at baseline. Mixed
model analysis was first used to ensure there was no interaction between the two
concurrent study protocols, as described in section 3.2.4. Since this hypothesis was upheld,
(see section 3.3.1), the effect of each treatment was assessed in separate models. Data was
analysed using intention-to-treat principles and the outcome variables were the mean
values at weeks 4, 8 and 12 weeks as appropriate. A mixed model analysis compared CPAP
with sham CPAP, taking baseline data into consideration. The raw mean, standard
deviation, and between-group difference at each time point was reported, with the Week
12 time point being the outcome of interest. Normality of residuals of the final model was
confirmed.  Per-protocol analysis was then undertaken using the same mixed model
analyses in order to examine the influence of CPAP adherence on the effect of treatment.
The between CPAP and sham group difference were reportedly separately in the adherent

participants.
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4.4 RESULTS

The flow of participants through the study is shown in figure 4.1. Sixty-one men were
randomized into the study. Of these participants, 31 were allocated to receive real CPAP,
and 30 to sham CPAP. Six participants withdrew from the study after commencing
treatment. Of these, two withdrew from the study due to being unhappy with treatment
(both from the sham CPAP group), and four (2 on sham, 2 on real) withdrew due to personal
reasons. There was no difference in any demographic, sleep or erectile function parameter
between those who withdrew and those who completed the study (data not shown). Fifty
five men completed the study. Baseline characteristics of demographic, medical history,
sleep and breathing, and sexual function parameters between those who were randomised
to CPAP or sham CPAP as shown in table 4.1. Despite randomisation, a significant difference
was noted in the primary outcome, namely the IIEF questionnaire overall. Additionally, the
IIEF domains of intercourse satisfaction, orgasmic function, and overall satisfaction, as well

as the FOSQ domain of intimacy were also found to be different at baseline.
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Figure 4.1 Study Flow
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Table 4.1 Baseline Characteristics

CPAP Sham CPAP
(n=31) (n=30) p-value

Age (years) 55.7 + 7.7 526 + 104 0.178
Medical History

Hypertension n (%)" 18 (58) 14 (47) 0.401
Using antihypertensives n (%) 15 (48) 10 (33) 0.192
Hypercholesterolemia n (%)" 8 (26) 8 (26) 0.999
Using statins n (%) 6 (19) 5 (17) 0.802
Diabetes n (%)" 7 (23) 4 (13) 0.187
Using diabetic medications (%) 7 (23) 4 (13) 0.188
Lifestyle Factors

Number of drinks per week 91 + 938 10.6 + 15.6 0.659
Drink more than 10 drinks/week n(%) 11 (36) 10 (33) 0.782
Past smokers n(%) 25 (81) 25 (83) 0.903
Anthropometry

Weight (kg) 101.0 + 14.0 100.1 + 18.0 0.827
Body Mass Index (kg/m?) 329 + 4.2 327 + 55 0.881
Neck circumference (cm) 429 + 33 429 + 29 0.946
Mid-arm circumference (cm) 328 + 25 337 + 35 0.250
Waist circumference (cm) 112.0 + 11.6 109.7 + 13.3 0.481
Hip circumference (cm) 108.7 + 10.1 109.5 + 11.6 0.790
Mid-Thigh circumference (cm) 519 + 4.6 528 + 7.9 0.602

Values are mean * standard deviation or number (percentage). p-value calculated by Students t-test
or Fishers exact test. *as diagnosed prior entry into the study.

(Continued over)
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Table 4.1 Baseline Characteristics (continued)

CPAP Sham CPAP

(n=31) (n=30) p-value
Sleep and Breathing
Total Sleep Time (minutes) 3649 + 5438 3306 * 934 0.084
Sleep Efficiency (%) 804 + 111 753 £ 209 0.236
REM (% of total sleep time) 169 + 64 16.2 + 7.8 0.700
Arousal index (/hour) 341 + 20.9 341 + 196 0.999
Apnoea Hypopnoea Index (AHI) 48.2 + 26.9 440 + 249 0.527
NREM AHI 50.0 + 285 446 + 263 0.453
REM AHI 50.9 + 243 452 + 26.4 0.399
Minimum Sp02 773 + 101 746 + 112 0.336
Time Sa02 below 90% (min) 119 + 15.7 129 + 147 0.815
Oxygen Desaturation (3%) Index 43.7 + 30.9 445 + 27.7 0.919
Sexual Function & Relationship Parameters
Relationship duration (years) 173 + 135 17.2 + 140 0.984
Fathers n (%) 22 (71) 23 (77) 0.712
Duration of erectile dysfunction (years) 6.0 + 4.6 6.2 + 55 0.857
International Index of Erectile Function (IIEF) 39.0 + 14.9 300 + 16.3 0.029
IIEF - Erectile Function 143 + 73 10.7 £ 74 0.062
IIEF - Intercourse Satisfaction 6.8 + 3.7 48 + 40 0.045
IIEF - Orgasmic Function 6.8 + 29 46 * 35 0.011
IIEF - Overall Satisfaction 49 + 23 38 + 2.0 0.045
IIEF - Sexual Desire 6.2 + 16 6.1 =+ 24 0.909
European Male Aging Study Questionnaire (EMAS) 331 + 8.2 343 + 7.2 0.531
EMAS - Sexual Function related distress 93 + 39 116 + 5.7 0.069
EMAS - Change in Sexual Functioning -33 + 29 -3.1 + 35 0.812
EMAS - Overall Sexual Functioning 15.8 + 5.2 15.0 + 6.7 0.605
EMAS - Masturbation 23 + 1.8 22 + 16 0.839
Self Esteem and Relationship Questionnaire (SERS) 395 + 11.0 374 + 120 0.482
SERS - Sexual Relationship Satisfaction 199 + 6.8 17.8 + 8.1 0.278
SERS - Confidence 196 + 5.6 19.2 + 53 0.793
SERS - Self Esteem 126 + 4.1 121 + 46 0.675
SERS - Overall Relationship Satisfaction 70 + 2.0 70 £ 2.0 0.898
Nocturnal Penile Tumescence (n=43)
Total number of erections 27 + 19 25 + 23 0.762
Tip Rigidity Activation Units 265 + 313 20.7 + 17.8 0.473
Tip Tumescence Activation Units 186 + 20.1 206 t 349 0.832
Base Rigidity Activation Units 323 *+ 356 342 + 329 0.868
Base Tumescence Activation Units 199 + 2138 27.7 + 32.8 0.369
Organic Erectile Dysfunction (%)* 13 (59) 14 (67) 0.754

Note: Values are mean + standard deviation. p-value calculated by Students t-test. * As defined in

section 3.2.6
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Table 4.1 Baseline Characteristics (continued)

CPAP Sham CPAP

(n=31) (n=30) p-value
Quality of Life
Subjective Sleepiness (ESS) 103 + 51 103 + 44 0.987
Functional Outcomes of Sleep Questionnaire (FOSQ)
FOSQ - Overall score 159 + 3.0 149 + 3.2 0.183
FOSQ - Activity 31 + 07 30 + 0.7 0.569
FOSQ - Vigilance 3.2 + 0.6 31 + 0.6 0.731
FOSQ - Intimacy 28 + 0.7 23 + 1.0 0.041
FOSQ - General Productivity 35 + 05 34 + 0.6 0.458
FOSQ - Social Outcome 35 =+ 0.8 36 =+ 0.7 0.786
Depression Anxiety Stress Scale (DASS)
DASS - Depression 74 + 7.3 114 + 9.9 0.074
DASS - Anxiety 6.6 + 5.8 70 + 538 0.763
DASS - Stress 124 + 7.1 132 + 7.8 0.659
Short Form 36 (SF-36)
SF-36 - Physical Function 723 + 21.8 720 * 264 0.967
SF-36 - Role - Physical 75.8 t 29.2 67.2 t 373 0.22
SF-36 - Body Pain 749 + 16.6 72.7 t 25.9 0.701
SF-36 - General Health 63.4 + 183 59.6 + 199 0.437
SF-36 - Vitality 535 + 21.8 498 + 21.8 0.509
SF-36 - Social Function 82.0 + 238 776 + 273 0.511
SF-36 - Role Emotional 72.1 t 346 66.7 * 36.8 0.562
SF-36 - Mental Health 75.0 t 16.3 68.3 * 20.0 0.157
SF-36 - Physical Health 679 + 15.1 648 + 20.4 0.510
SF-36 - Mental Health Dimension 764 = 211 721 + 233 0.462

Note: Values are mean # standard deviation. p-value calculated by Students t-test. ESS = Epworth

Sleepiness Score
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4.4.1 Sleep and breathing
At study entry, there were no differences between the CPAP and sham CPAP groups in

terms of sleep and breathing parameters. The baseline AHI was 46.1+£25.8 with a minimum
Sa02 of 76.0£10.6%. Treatment with CPAP did not change total sleep time or REM
percentage from baseline or between groups. CPAP therapy, but not sham CPAP, reduced
the severity of OSA (table 4.2). CPAP reduced the AHI by 43.1 events per hour (p<0.001) to
a mean of 7.316.6, while sham CPAP did not change AHI. Similarly, the oxygen desaturation
index (ODI) was reduced by 38.7 events per hour with CPAP to 7.2+8.7 and did not change
for sham CPAP (table 4.2).

4.4.2 Subjective Sexual functioning

At baseline, of the 61 study participants, 11.4% had mild ED (lIEF-ED score 22-25), 21.3% had
mild-moderate ED (lIEF-ED score 17-21), 26.2% had moderate ED (lIEF-ED score 11-16) and
41% had severe ED (lIIEF-ED score 6-10) [430, 544]. CPAP treatment improved overall
satisfaction, as measured by the IIEF compared to sham CPAP, and trended toward an
improvement in in both overall score and the overall sexual relationship satisfaction domain
of the SERS questionnaire (p=0.06 and p=0.07 respectively). CPAP did not improve any other

domain in the IIEF, EMAS or SERS questionnaires compared to sham CPAP (table 4.3).
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Table 4.2 Effect of CPAP on sleep disordered breathing

CPAP (n=31) Sham CPAP (n=30)
Difference between
Baseline Week 12 p-value Baseline Week 12 p-value groups (95% Cl) p-value

TST (minutes) 3649 + 548 3718 + 50.1 .616 330.6 * 934 3525 + 76.0 .358 -0.9 (-37.1t035.2) .959
REM (% of TST) 169 * 64 209 + 10.2 .076 16.2 + 7.8 17.7 = 8.6 .502 3.2 (-2.0to08.4) 223
Arousal Index 341 + 209 144 + 6.9 <.001 341 + 19.6 38.2 + 23.6 .484 -24.2 (-35.6t0-12.7) <.001
AHI 48.2 + 26.9 73 * 6.6 <.001 440 + 24.9 424 + 27.1 .831 -41.6 (-54.7 to -28.4) <.001
NREM AHI 50.0 £ 285 76 £ 7.2 <.001 446 * 263 417 £ 29.3 .706 -39.9 (-54.1to0-25.7) <.001
REM AHI 509 + 243 100 = 7.3 <.001 452 *+ 264 453 * 26.6 .997 -45.2 (-56.7 to -33.8) <.001
Minimum Sa02 77.3 t 10.1 89.2 £ 5.0 <.001 746 t 11.2 77.4 t 8.7 .332 8.9 (2.8t015.0) .005
Time Sa02

below 90% 119 £+ 15.7 1.7 £+ 21 0.001 129 + 14.7 11.6 + 120 .730 -8.0 (-159t00.2) .046
(min)

oDl 437 + 309 72 + 8.7 <.001 445 + 277 436 * 284 911 -37.4 (-52.4to0-22.4) <.001

Note: Values are mean + standard deviation. p-value calculated by Students t-test. Abbreviations: AHI = Apnoea Hypopnea Index, NREM: Non Rapid Eye
Movement sleep, ODI = Oxygen Desaturation (3%) Index, REM=Rapid Eye Movement Sleep, Sa02 = Oxygen saturation, TST = Total Sleep Time.
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Table 4.3 Effect of CPAP versus Sham CPAP on Sexual Function

CPAP Sham CPAP Difference Effect p-value
Variable Visit (n=31) (n=30) Mean (95% Cl) size (d)
International Index of Erectile Function (lIEF)
Overall Score  Week 4 43.00 + 18.29 38.48 + 19.38 452 (-5.67t014.71) 0.28 0.842
Week 8 42,78 + 17.23 36.96 + 2218 5.82 (-5.341t016.97) 0.36 0.843
Week 12 4331 + 20.01 33.46 + 20.08 9.85 (-1.01to020.71) 0.61 0.342
Erectile Week 4 16.79 + 8.68 14.96 + 9.23 1.82 (-3.02to0 6.67) 0.24 0.866
Function Week 8 16.30 + 8.45 14.60 + 10.46 1.70 (-3.64to 7.03) 0.23 0.982
Week 12 16.28 + 9.45 13.35 + 943 2.93 (-2.181t08.04) 0.39 0.680
Intercourse Week 4 736 + 459 596 + 4.65 1.39 (-1.08t0 3.87) 0.36 0.852
Satisfaction Week 8 7.07 + 452 6.40 + 5.22 0.67 (-2.01to3.36) 0.17 0.778
Week 12 7.52 + 493 5.12 + 4.67 2.40 (-0.20t05.01) 0.61 0.281
Orgasmic Week4  7.07 + 311 593 + 3.92 1.15 (-0.77 to 3.06) 034  0.839
Function Week 8 6.93 + 3.22 5.32 + 3.77 1.61 (-0.32to 3.54) 0.47 0.543
Week 12 6.76 + 340 4.69 + 3.71 2.07 (0.14t03.99) 0.61 0.286
Overall Week 4 557 + 233 467 + 2.34 0.90 (-0.36t02.17) 0.40 0.531
Satisfaction Week 8 593 + 218 4.52 + 2.86 1.41 (-0.01to02.83) 0.63 0.106
Week 12 6.17 + 265 435 + 2.53 1.83 (0.42to03.23) 0.82 0.038
Sexual Desire Week 4 6.21 + 171 6.74 + 2.10 -0.53 (-1.56to0 0.51) -0.26 0.397
Week 8 6.39 + 191 6.12 + 2.15 0.27 (-0.85t01.39) 0.13 0.716
Week 12 6.59 + 2.08 5.96 + 2.37 0.62 (-0.581t01.83) 0.31 0.284

Note: Values are mean + standard deviation. p-value calculated by mixed model analysis. Effect size (Cohen’s

d) calculated by dividing difference between CPAP and sham by the standard deviation at baseline.
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Table 4.3 Effect of CPAP versus Sham CPAP on Sexual Function (continued)

CPAP Sham CPAP Difference Effect
Variable Visit Mean % SD Mean % SD Mean (95% Cl) size (d) p-value
European Male Aging Study questionnaire (EMAS)
Overall Score  Week 4 3429 + 8.89 33.96 + 9.26 0.33 (-4.79t0 5.45) 0.04 0.227
Week 8 35,89 + 7.84 35.57 + 7.71 0.32 (-4.12t04.76) 0.04 0.331
Week 12 35.83 + 8.73 34.83 + 7.70 0.99 (-3.60to05.58) 0.13 0.226
Sexual Week 4 7.14 + 442 8.78 + 5.60 -1.63 (-4.36t01.09) -0.33 0.895
Function Week 8 7.21 + 4.27 10.32 + 7.23 -3.11 (-6.46t0 0.25) -0.63 0.201
Distress Week 12 6.45 + 4.82 8.80 + 6.26 -2.35 (-5.38t0 0.68) -0.47 0.384
Change in Week4  -143 + 431 -169 + 5.18 0.26 (-2.27t0 2.79) 0.08 0.790
Sexual Week 8 -096 + 3.99 -1.85 + 551 0.88 (-1.73t0 3.49) 0.28 0.304
Function Week 12 -0.62 + 4.36 -1.62 + 4.46 0.99 (-1.39t03.38) 0.31 0.443
Overall Week 4 17.11 + 5.67 15.77 + 6.62 1.34 (-2.02to 4.70) 0.23 0.393
Sexual Week 8 17.89 + 5.35 16.52 + 6.58 1.37 (-2.07to 4.81) 0.23 0.075
Function Week 12 18.34 + 5091 16.83 + 7.46 1.51 (-2.17 to 5.20) 0.26 0.147
Masturbation Week 4 2.46 + 157 2.15 + 161 0.32 (-0.55t01.18) 0.18 0.301
Week 8 2.54 + 1.71 2.12 + 1.72 0.42 (-0.53to01.36) 0.25 0.372
Week 12 2.41 + 1.74 2.24 + 1.74 0.17 (-0.78t0 1.13) 0.10 0.876
Self-Esteem and Relationship Satisfaction (SERS)
Overall Score Week 4 4411 + 1040 39.31 + 14.31 4.80 (-2.00to011.6) 0.42 0.186
Week 8 44.07 + 9.59 40.59 + 16.29 3.48 (-4.5t011.46) 0.30 0.480
Week 12 46.79 + 12.60 40.04 + 14.18 6.75 (-0.64 to 14.14) 0.59 0.066
Sexual Week 4 2275 + 6.58 19.81 + 8.93 2.94 (-1.29t07.16) 0.40 0.405
Relationship Week 8 22.79 + 6.61 19.67 + 10.02 3.12 (-1.73t07.97) 0.42 0.443
Satisfaction Week 12 2466 + 8.43 19.40 + 9.00 5.26 (0.49to 10.02) 0.71 0.059
Confidence Week 4 2136 + 5.26 19.23 + 6.33 2.13 (-1.05t05.30) 0.39 0.101
Week 8 21.29 + 4.77 20.57 + 6.65 0.72 (-2.62t0 4.06) 0.13 0.637
Week 12 2214 + 5.15 20.33 + 6.91 1.80 (-1.52 to5.13) 0.33 0.186
Self Esteem Week 4 13.68 + 4.17 12.26 + 4.76 1.42 (-1.00 to 3.84) 0.33 0.230
Week 8 1425 + 3.04 12.96 + 5.66 1.29 (-1.33t03.91) 0.30 0.301
Week 12 1469 + 3.66 12.68 + 533 2.01 (-0.54to 4.56) 0.46 0.090
Overall Week 4 7.68 + 213 6.63 + 248 1.05 (-0.20to 2.30) 0.53 0.077
Relationship Week 8 7.04 + 2.46 7.26 + 2.20 -0.23 (-1.55t01.10) -0.11 0.524
Satisfaction Week 12 7.45 + 213 7.33 + 2.37 0.11 (-1.13to 1.36) 0.06 0.818

Note: Values are mean t standard deviation.

p-value calculated by mixed model analysis. Effect size

(Cohen’s d) calculated by dividing difference between CPAP and sham by the standard deviation at

baseline.
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4.4.3 Hormonal Analysis

At study commencement, testosterone levels spanned the lower part of the normal young
adult reference range (10.2+3.7 nmol/L). CPAP therapy did not increase testosterone levels.
There was an increase in testosterone from baseline to week 12 in those allocated to sham
CPAP (12.414.3, p=0.04) which was not different than CPAP. There was no change in
luteinizing hormone, follicular stimulating hormone, or sex hormone binding globulin.

4.4.4 Nocturnal Penile Tumescence

Twenty eight participants (46%) were agreeable to undertake, and completed nocturnal
penile tumescence (NPT) monitoring both prior treatment and study completion. Of these, 15
were on CPAP, 13 were on sham CPAP. Participants who agreed to take part in this monitoring
did not differ from those who declined in terms of age, severity of ED, sleepiness,
testosterone or weight. However, those who did NPT monitoring had less severe OSA
compared to those who did not (AHI: 41.5£22.7 vs 56.9+29.9, p=0.033; Minimum Sa02:
78.519.0% vs 70.1+12.0, p=0.004; Oxygen Desaturation Index 37.9+25.1 vs 58.4+33.4,
p=0.011). Results for NPT monitoring are given in table 4.4. Data shown is from one night,
that of the night of polysomnography at each visit. At baseline, there were no differences in
any NPT parameter between the CPAP and sham groups (table 4.1). At Week 12, those who
were allocated to CPAP had an increased number of erections compared to sham CPAP but
did not show any improvement in any other parameter of NPT (table 4.4). Nocturnal
erections recorded occurred during periods of REM sleep, as well as some periods either side
of those epochs designated as REM sleep. An example of an individual NPT recording with
concurrent sleep staging and pulse oximetry is shown for Baseline and Week 12 for a

participant allocated to CPAP treatment (figure 4.2).
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Table 4.4 Effect of CPAP on Sleep Related Erections

Baseline Week 12
All CPAP Sham CPAP Effect p-value
(n=38) (n=15) (n=13) size (d)
Number of erections per night 26 + 21 41 + 2.0 24 + 1.8 0.81 <0.001
Tip Rigidity Activation Units 240 t 243 457 + 452 470 = 547 -0.05 0.713
Tip Tumescence Activation Units 196 + 194 336 *+ 343 364 + 470 -0.14 0.395
Base Rigidity Activation Units 39.7 + 48.2 682 + 585 570 * 586 0.23 0.974
Base Tumescence Activation Units 309 + 36.9 416 + 399 492 + 678 -0.21 0.101

Note: Values are mean + standard deviation. p-value calculated by mixed model analysis. Effect size (Cohen’s
d) calculated by dividing difference between CPAP and sham by the standard deviation at baseline.
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Figure 4.2: Sleep staging, pulse oximetry & NPT recording for a patient allocated to CPAP

Note: (A) Baseline recording with no treatment. Several erectile episodes are seen during some but
not all of the REM sleep periods. (B) Recording at Week 12 for the same participant, using CPAP.
Erectile episodes are seen during all REM sleep periods. The number of episodes of erection increased
however there has not been a change in quality.
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4.4.5 Quality of Life

Allocation to CPAP therapy, compared to sham CPAP, did not change levels of sleepiness,
depression, anxiety or stress (data not shown). Improvements were seen only in the domains
of Vitality, in the SF-36 questionnaire, and in Vigilence in the FOSQ questionnaire, for those
randomised to CPAP versus sham CPAP (mean difference, 95% Cl: 11.05(-0.49 to 22.60),
p=0.03, and 0.36(-0.05 to 0.77), p=0.01 respectively) at the Week 12 timepoint.

4.4.6 CPAP adherence

Adherence rates to CPAP therapy are listed in Table 4.5. During the treatment period there
was no significant difference between the usage of CPAP and sham CPAP, as measured by
average hours used per intended days of use. The average usage was 3.7 + 2.5 hours and 2.6
12.2 hours per night for CPAP and sham CPAP groups respectively (p=0.092). Adherence to
therapy, defined by CPAP usage for more than 4 hours per night, was achieved by 46% of
those randomised to real CPAP and 29% of those allocated to sham CPAP. There appeared to
be a bimodal distribution of low usage and high usage in the CPAP group, split at the
commonly used definition of adherence, 4 hours per night minimum usage, but not in the

placebo group (figure 4.3).

Those participants adherent to treatment used the device for 6.2+0.9 hours per night for the
CPAP group and 5.1+1.2 hours per night for the sham CPAP group (p=0.146). Apart from
relationship duration and a trend toward erectile dysfunction duration and pre-exisiting
hypercholesterolemia, there was no other identifiable difference between those who did and

did not adhere to CPAP therapy (table 4.6).

Hereafter those participants who used CPAP or sham CPAP for more or less than 4 hours per
night are referred to as “adherers” and “non-adherers” respectively. The baseline

characteristics of these two groups are described in table 4.7. Apart from prevalence of a
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diagnosis of diabetes, the treatment two groups exhibited no differences at baseline. There
were a higher percentage of those with diabetes in the adherent CPAP group, compared to

the adherent sham CPAP group (p=0.02).

Table 4.5 CPAP Adherence (hours of use per night) for study completers

CPAP Sham p-value
(n=26)" (n=28)7
Hours / intended days of use (mean * SD) 3.7+25 2.6+2.2 0.092
Hours / days used (mean + SD) 45+2.0 40+1.9 0.422
Adherent to therapy (>4hours) n (%) 12 (46) 8(29) 0.683

Values are mean t standard deviation. p-value calculated using students t-test

NOTE: *Although 31 participants were allocated to CPAP, data is only available for 26. Data
missing for 3 participants due to technical failure of CPAP recording cards and 2 withdrew
before treatment commenced. *Although 30 participants were allocated to sham CPAP, data
is only available for 28. Data missing for 1 participant due to technical failure of CPAP

recording card and 1 withdrew before treatment commenced.

-156 -



CPAP I CPAP
67 non-adherers adherers
(n=14) . (n=12)
5 l
4 I
Z ; S
3- 3 =

o | =

s P : 2 7 Y

SN 77 N /M

s : 7
0

[ . i

S Sham CPAP Sham CPAP

e non-adherers adherers

E - (H_ZEDII I (n=8)

_2, ZWithdrew | ?
+ % 2 . 2
3 é 3
2 : 7 o
1 @ % 7
0 T T

0 100 200 300 400 500

CPAP usage per night (minutes)

Figure 4.3: CPAP and Sham CPAP usage per night for all participants.

Note: Histogram data shows the average usage of CPAP / sham CPAP in terms of number of participants who
used CPAP (top row) or sham CPAP (bottom row) device in 20 minute epochs from no usage to 8 hours. The
dashed vertical line represents the cut off mark of 4 hours per night, allocating patients to the adherent and
non-adherent groups. Participants who withdrew after commencing treatment are indicated by the darker
dashed squares.
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Table 4.6 Characteristics of participants adherent and not adherent to CPAP treatment

Non adherers Adherers
(<4 hrs CPAP (>4 hrs CPAP
usage) usage)
(n=34) (n=20) p value

General Health
Hypertension n (%) 20 (59) 10 (50) 0.581
Hypercholesterolemia n (%) 6 (18) 9 (45) 0.056
Diabetes n (%) 6 (18) 4 (20) 0.998
Body Mass Index (kg/m2) 33.7 + 5.2 316 + 4.7 0.143
Erectile function
Duration of Erectile Dysfunction (years) 74 + 57 42 + 3.9 0.059
International Index of Erectile Function 339 + 16.2 332 + 175 0.885
IIEF Erectile Dysfunction 119 = 7.7 123 + 8.0 0.857
IIEF Intercourse Satisfaction 56 + 4.2 57 + 41 0.964
IIEF Orgasmic Function 58 + 35 53 + 36 0.643
IIEF Overall Satisfaction 43 + 2.2 40 + 2.1 0.630
IIEF Sexual Desire 63 + 24 60 + 16 0.490
Testosterone (nmol/L) 93 + 3.0 104 + 4.2 0.545
Sleep and Breathing parameters
Total Sleep Time 3486 + 91.6 337.8 £ 52.9 0.631
Sleep Efficiency 788 + 20.0 76.0 + 12.2 0.576
REM proportion (%) 175 * 6.9 151 + 8.0 0.261
Arousal Index (per hour) 333 + 20.0 385 + 222 0.381
Apnoea Hypopnoea Index (AHI) 47.0 £ 25.7 50.6 + 27.7 0.636
REM AHI 48.1 + 27.8 525 + 28.7 0.590
NREM AHI 51.6 + 239 48.1 *+ 26.8 0.626
Minimum Sa02 733 * 10.0 780 + 115 0.122
Time below Sa02 90% 13.0 + 13.1 141 + 19.7 0.798
Oxygen desaturation Index (per hour) 453 + 28.0 48.4 + 33.1 0.716
Social & Lifestyle Factors
Alcoholic drinks per week 109 + 151 83 + 10.0 0.496
Age (years) 52.7 + 95 56.1 + 9.1 0.208
Relationship length (years) 123 £+ 123 216 = 136 0.013
Fathers n (%) 24.0 (71) 14.0 (70) 0.990
Site: Sydney based (versus Melbourne) n 29.0 (85) 16.0 (80) 0.179
Past smoker 28.0 (83) 16.0 (80) 0.990

Characteristics of those who did and did not adhere to CPAP/sham therapy, according to adherence
definition of 4 hours minimum per night. Values are mean % standard deviation. p-value calculated using
students t-test. CPAP adherence data missing for 4 participants due to technical difficulties (3 from CPAP
group, 1 from sham CPAP). No CPAP adherence data for 3 participants who withdrew before CPAP
treatment commenced (2 from CPAP group, 1 from sham)
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Table 4.7 Baseline Characteristics of participants adherent to CPAP / Sham CPAP

CPAP Sham CPAP
(n=12) (n=8) p-value

Age (years) 569 + 6.7 549 + 123 0.636
Medical History

Hypertension n (%)" 4 (33) 2 (25) 0.999
Using antihypertensives n (%) 4 (33) 1 (4) 0.603
Hypercholesterolemia n (%)” 7 (58) 3 (38) 0.650
Using statins n (%) 7 (58) 1 (13) 0.070
Diabetes n (%) 9 (75) 1 (13) 0.020
Using diabetic medications (%) 9 (75) 1 (13) 0.020
Lifestyle Factors

Number of drinks per week 80 + 111 88 + 8.6 0.871
Past smokers n(%) 9 (75) 7 (88) 0.619
Anthropometry

Weight (kg) 99.7 + 162 884 + 16.6  0.148
Body Mass Index (kg/m?) 329 + 44 29.7 + 46 0.132
Neck circumference (cm) 42,7 + 34 414 + 3.3 0.418
Mid-arm circumference (cm) 321 + 21 319 + 2.8 0.897
Waist circumference (cm) 1114 + 123 1013 + 99 0.069
Hip circumference (cm) 109.7 + 10.3 1034 + 6.9 0.148
Mid-Thigh circumference (cm) 51.0 + 53 51.2 + 5.7 0.954

Note: Values are mean + standard deviation or number (percentage). p-value calculated by Students t-test or
Fishers exact test. as diagnosed prior entry into the study.

(Continued over)
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Table 4.7 Baseline Characteristics of participants’ adherent to CPAP/Sham CPAP (continued)

CPAP Sham CPAP

(n=20) (n=8) p-value
Sleep and Breathing
Total Sleep Time (minutes) 341.0 + 376 333.0 + 73.1 0.783
Sleep Efficiency (%) 77.6 £ 9.0 735 + 164 0.478
REM (% of total sleep time) 13.6 + 7.3 174 + 89 0.305
Arousal index (/hour) 43.6 * 25.2 309 + 15.1 0.216
Apnoea Hypopnoea Index (AHI) 59.1 + 285 37.8 + 22.4 0.093
NREM AHI 61.7 + 29.1 38.6 + 23.2 0.076
REM AHI 55,5 + 229 378 £+ 299 0.162
Minimum SpO2 77.1 + 10.8 794 + 13.1 0.675
Time Sa02 below 90% (min) 179 £ 216 85 + 16.0 0.306
Oxygen Desaturation (3%) Index 53.0 + 364 41.7 + 28.5 0.469
Sexual Function & Relationship Parameters
Relationship duration (years) 216 = 123 216 * 16.3 0.995
Duration of erectile dysfunction (years) 51 £ 4.7 31 + 24 0.330
International Index of Erectile Function (lIEF)
IIEF — Overall Score 384 + 15.0 254 + 189 0.103
[IEF - Erectile Function 143 + 75 9.1 *+ 8.1 0.157
[IEF - Intercourse Satisfaction 70 + 35 38 + 4.2 0.078
IIEF - Orgasmic Function 65 + 29 35 £+ 39 0.062
[IEF - Overall Satisfaction 42 + 21 38 + 23 0.680
IIEF - Sexual Desire 6.4 + 1.2 53 + 1.8 0.105
European Male Aging Study Questionnaire (EMAS)
EMAS — Overall Score 334 + 8.4 303 + 3.9 0.344
EMAS - Sexual Function related distress 9.0 + 3.2 109 * 5.6 0.355
EMAS - Change in Sexual Functioning -36 = 3.2 26 = 3.2 0.521
EMAS - Overall Sexual Functioning 15.8 + 5.0 120 + 6.7 0.157
EMAS - Masturbation 26 £ 1.7 1.5 + 1.7 0.183
Self Esteem and Relationship Questionnaire (SERS)
SERS — Overall Score 38.7 + 10.9 36.4 + 145 0.707
SERS - Sexual Relationship Satisfaction 196 £ 6.7 170 £+ 94 0.494
SERS - Confidence 19.1 + 5.0 181 + 7.2 0.730
SERS - Self Esteem 121 + 3.5 113 = 6.1 0.735
SERS - Overall Relationship Satisfaction 70 £ 2.0 69 + 2.2 0.895

Note: Values are mean t standard deviation. p-value calculated using students t-test.
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4.4.7 Interactions between treatments for adherers

In order to assess any treatment interactions with Vardenafil in those participants adherent to
CPAP or sham CPAP, interactions were tested in this sub-analysis, in the same manner as
described in section 3.2.4, and presented in table 4.8. No 3 way interactions between
treatments were found in any parameter. Since no interactions were seen in the 3 way
analysis, a 2 way analysis of interactions was performed. When analysed in a 2-way interaction,
having removing visit from the model, there were no interactions found in any sexual function
parameter. However, four quality of life parameters were found to have an interaction — the
Epworth Sleepiness Scale, and in the SF-36 questionnaire domains of Role Physical, General
Health and Physical Health. These parameters are presented in figure 4.4, presented by visit.

No synergistic effects were found in any of these parameters.
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Table 4.8: Interaction between treatments for adherent CPAP/sham CPAP users.

3 way p-value 2 way p-value

International Index of Erectile Function (IIEF)

IIEF - Overall Score 0.7667 0.8673
IIEF - Erectile Function 0.6414 0.5361
lIEF - Intercourse Satisfaction 0.6018 0.6629
[IEF - Orgasmic Function 0.1862 0.8600
IIEF - Overall Satisfaction 0.3365 0.6296
IIEF - Sexual Desire 0.9637 0.1507
European Male Aging Study questionnnaire (EMAS)
EMAS - Overall Score 0.3574 0.7761
EMAS - Sexual Function Distress 0.5092 0.7518
EMAS - Change in Sexual Function 0.9576 0.4318
EMAS - Overall Sexual Function 0.7031 0.3858
EMAS - Masturbation 0.9091 0.7384
Self-Esteem and Relationship Satisfaction (SERS)
SERS - Overall Score 0.9496 0.2741
SERS - Sexual Relationship Satisfaction 0.7008 0.8099
SERS - Confidence 0.7995 0.0787
SERS - Self Esteem 0.9913 0.1625
SERS - Overall Relationship Satisfaction 0.2571 0.2844
Epworth Sleepiness Score (ESS)
ESS - Overall Score 0.3062 0.0029
Erectile Dysfunction Inventory of Treatment Satisfaction (EDITS)
EDITS - Overall Score 0.3165 0.9239
Functional Outcomes of Sleep (FOSQ)
FOSQ - Activity 0.9102 0.7010
FOSQ - Vigilance 0.5846 0.0611
FOSQ - Intimacy 0.8148 0.4865
FOSQ - Productivity 0.8071 0.6796
FOSQ - Social Outcomes 0.2179 0.2389
Short-form 36 (SF-36)
SF-36 Physical Function 0.5608 0.3733
SF-36 Role Physical 0.3804 0.0124
SF -36 Body Pain 0.0506 0.0660
SF-36 General Health 0.5941 0.0188
SF-36 Vitality 0.5068 0.8819
SF-36 Social Function 0.4115 0.3719
SF-36 Role Emotional 0.1655 0.1395
SF-36 Mental Health Scale 0.6753 0.7350
SF-36 Physical Health 0.2216 0.0100
SF36 Mental Health Dimension 0.1253 0.3042
Depression Anxiety Stress Scale (DASS)
DASS Depression 0.0742 0.6527
DASS Anxiety 0.4511 0.0694
DASS Stress 0.7453 0.7871

Note: Interaction terms presented as 3 way (CPAP/shamCPAP*Vardenafil/Placebo*time) and 2 way analysis
(CPAP/sham CPAP*Vardenafil/Placebo). p-value determine via mixed model analysis.
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NOTE: Values shown are mean change from baseline, shown with standard error, for variables shown to
have a statistical interaction between the two treatments.
(Continued over)
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NOTE: Values shown are mean change from baseline, shown with standard error, for variables shown to have
a statistical interaction between the two treatments.
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4.4.8 Effect of adherence to CPAP therapy

Due to the disparity regards adherence to therapy between participants, results were
stratified into two groups: adherent and non-adherent users. Baseline characteristics of these
participants are shown in table 4.6. Participants adherent to therapy comprise the per-
protocol analysis. Whereas only overall satisfaction was seen to occur in the intend-to-treat
analysis of those allocated to CPAP versus sham CPAP, several more changes were found in
the per-protocol analysis. At Week 4, no improvements were seen in any parameter. At week
8, overall satisfaction, as measured by the IIEF, had improved with CPAP compared to sham
CPAP. At week 12, CPAP improved erectile function, sexual desire, distress due to sexual
dysfunction, overall sexual function, self-esteem, sexual relationship satisfaction and overall
score in the SERS questionnaire compared to sham CPAP (table 4.9). Clinical improvement in
erectile function, as defined as an improvement by more than 4 points in the IIEF-ED domain
was seen in 7 participants (58%), whereas no participants adherent to sham CPAP improved
by more than 4 points. Graphic representations of the effects of CPAP therapy compared to
sham CPAP for some of the parameters of sexual function and relationship over the 12 week

treatment period for adherent users are shown in figure 4.5 and figure 4.6.

Several quality of life measurements in the ESS, DASS, SF-36 and FOSQ questionnaires showed
improvements with CPAP compared to sham CPAP for adherent users. CPAP usage, compared
to sham CPAP decreased levels of sleepiness, stress and depression (table 4.10).
Improvements in several parameters of mental health were seen with CPAP compared to
sham CPAP (figure 4.7). Quality of life domains of Vigilance in the FOSQ, and Social Function
and Physical Function of the SF-36 questionnaire also improved with CPAP compared to sham

CPAP (figure 4.8).
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Nocturnal penile tumescence was performed on the night of Week 12 polysomnography. On
this night, all patients, regardless of adherence to therapy throughout the study, used
CPAP/sham CPAP. Per-protocol analysis for this data did not differ from the original intention

to treat analysis.

Table 4.9 Effect of adherent CPAP use on sexual function and relationship parameters

CPAP Sham CPAP Difference Effect p-value
Variable Visit (n=12) (n=8) Mean (95% Cl) size (d)

International Index of Erectile Function (IIEF)

Overall Week 4 4750 + 14.85 37.50 + 23.87 10.00 (-9.24to 29.24) 0.57 0.827

Score Week 8 47.83 + 14.26 30.00 + 24.28 17.83 (-0.66t0 36.33) 1.02 0.264

Week 12 48.58 + 19.44 24.25 + 17.28 24.33 (6.47t042.20) 1.39 0.031

Erectile Week 4 19.00 + 6.61 1433 + 10.31 4.67 (-3.76t013.09) 0.59 0.640

Function Week 8 19.17 + 7.12 1114 + 11.13 8.02 (-0.75to 16.80) 1.01 0.182

Week 12 18.67 + 9.00 850 + 8.26 10.17 (1.80to 18.53) 1.28 0.037

Intercourse Week 4 875 + 3.67 557 + 5.44 3.18 (-1.22t07.57) 0.78 0.633

Satisfaction Week 8 833 + 3.82 6.00 + 5.63 2.33 (-2.22t06.89) 0.57 0.999

Week 12 9.00 + 431 3.63 + 3.58 5.38 (1.50t09.25) 1.32 0.068

Orgasmic ~ Week 4 7.67 + 293 5.17 + 4.71 2.50 (-2.47 to 7.47) 0.70 0.775

Function Week 8 742 + 271 3.86 + 4.10 3.56 (0.28 t0 6.84) 1.00 0.325

Week 12 758 4+ 3.34 3.63 + 3.70 3.96 (0.62to7.30) 1.11 0.144

Overall Week 4 533 + 2.06 483 + 2.99 0.50 (-2.03to 3.03) 0.24 0.626

Satisfaction Week 8 6.17 + 1.90 371 + 293 2.45 (0.13to0 4.78) 1.16 0.020

Week 12 6.25 + 2.70 3.38 + 2.07 2.88 (0.50t05.25) 1.35 0.006

Sexual Week 4 6.75 + 1.29 6.67 + 1.37 0.08 (-1.31t01.48) 0.05 0.882

Desire Week 8 6.75 + 154 529 + 2.06 1.46 (-0.29to03.21) 0.93 0.146

Week 12 7.08 + 1.62 513 4+ 1.96 1.96 (0.27 to 3.65) 1.24 0.031

Note: Values are mean * standard deviation. p-value calculated using mixed model analysis. Effect size
(Cohen’s d) calculated by dividing difference between CPAP and sham by the standard deviation at
baseline.

(Continued over)
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Table 4.9 Effect of adherent CPAP use on sexual function and relationship parameters (continued)

CPAP Sham CPAP Difference Effect
Variable Visit (n=12) (n=8) Mean (95% Cl) size (d) p-value
European Male Aging Study questionnaire (EMAS)
Overall Score Week 4 3458 + 8.12 30.17 + 9.13 4.42 (-4.54 to 13.37) 0.64 0.314
Week 8 36.82 + 7.49 31.50 + 5.61 5.32 (-2.17t012.81) 0.77 0.336
Week 12 36.67 + 8091 3043 + 4.12 6.24 (-1.361t0 13.83) 0.91 0.158
Sexual Week 4 6.67 * 4.52 9.00 * 5.03 -2.33 (-7.06 to 2.39) -0.54 0.798
Distress Week 8 575 + 344 10.29 + 7.11 -4.54 (-11.19t02.12) -1.05 0.114
Week 12 467 * 242 10.00 + 5.78 -5.33 (-10.25t0-0.42) -1.24 0.017
Change in Week 4 -042 t 5.45 -1.75 t 423 1.33 (-3.47t06.14) 0.42 0.469
Functibn Week 8 0.08 + 5.02 -213 t 422 2.21 (-2.32t06.74) 0.70 0.265
Week 12 0.25 = 5.6 -2.00 + 1.77 2.25 (-1.98 t0 6.48) 0.71 0.257
Overall Sexual Week 4 17.17 + 5.11 1429 + 5.85 2.88 (-2.521t08.29) 0.49 0.655
Function Week 8 1858 + 4.83 1400 * 6.78 458 (-1.26t010.43) 0.78 0.118
Week 12 19.50 + 5.96 1257 + 6.27 6.93 (0.84t013.02) 1.18 0.024
Masturbation = Week 4 267 t 1.67 143 + 1.40 1.24 (-0.35t02.82) 0.71 0.220
Week 8 275 t 1.66 1.88 + 1.46 0.88 (-0.64 to 2.39) 0.50 0.705
Week 12 258 + 124 150 + 1.69 1.08 (-0.29 to 2.46) 0.62 0.442
Self-Esteem and Relationship Satisfaction (SERS)
Overall Score Week 4 42,75 + 13.18 4167 + 16.15 1.08 (-13.94to016.11) 0.09 0.655
Week 8 4592 + 1041 3729 + 17.33 8.63 (-4.68t0 21.94) 0.72 0.118
Week 12 4850 + 1250 37.29 + 14.19 11.21 (-1.95to 24.38) 0.93 0.033
Sexual Week 4 2225 + 7.57 21.83 + 997 0.42 (-8.481t09.31) 0.05 0.957
Relationship Week 8 2450 + 6.02 17.71 + 1176 6.79 (-4.25t017.82) 0.89 0.089
Satisfaction Week 12 2583 + 7.02 18.14 + 8.63 7.69 (0.04 to 15.34) 1.00 0.045
Confidence Week 4 2050 + 6.71 19.83 + 8.21 0.67 (-6.98 to 8.31) 0.11 0.260
Week 8 2142 + 5.05 19.57 + 6.48 1.85 (-3.77 to 7.46) 0.32 0.270
Week 12 22.67 + 5.69 19.14 + 7.73 3.52 (-2.99to 10.03) 0.60 0.055
Self Esteem Week 4 13.00 + 484 1157 + 6.35 1.43 (-4.01t06.87) 0.31 0.281
Week 8 1425 + 3.25 12.00 + 5.83 2.25 (-2.80to 7.30) 0.49 0.257
Week 12 15.08 + 3.85 11.50 + 6.05 3.58 (-1.73t08.90) 0.78 0.039
Overall Week 4 7.50 + 2.20 7.00 + 253 0.50 (-1.94 10 2.94) 0.25 0.322
Relationship Week 8 7.17 + 2.37 6.57 + 230 0.60 (-1.76t0 2.95) 0.30 0.371
Satisfaction Week 12 7.58 + 227 671 + 2.36 0.87 (-1.44t03.18) 0.44 0.218

Note: Values are mean * standard deviation. p-value calculated using mixed model analysis. Effect size
(Cohen’s d) calculated by dividing difference between CPAP and sham by the standard deviation at

baseline.
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Figure 4.5 Effect of CPAP on sexual function, as measured by the lIEF in adherers

Note: Adherence defined as greater than 4hours use per night. All values shown are change from
baseline. Data are mean and standard error of the mean of the change from baseline. (A) IIEF Overall
score (B) IIEF Erectile Function (C) Overall Satisfaction (D) Sexual Desire

3 Arrow indicates direction of improvement. *p<0.05 as determined by mixed model analysis.
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Figure 4.6. Effect of CPAP on sexual function & relationship satisfaction in adherers

Note: Adherence defined as greater than 4hours use per night. (A) SERS Overall Score (B) SERS Sexual
Relationship Satisfaction (C), EMAS Overall Sexual Function (D) EMAS Sexual Function Distress. All
measurements are mean change from baseline and one standard error of the mean.

438 Arrows represent direction of improvement. *p<0.05 as determined by mixed model analysis
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Table 4.10 Effect of adherent CPAP use on quality of life parameters

Variable Visit CPAP Sham CPAP Difference Fffect o-value
(n=12) (n=8) Mean (95% Cl) size (d)
Epworth Week 4 575 £ 3.67 10.57 + 6.02 -4.82 (-9.48 to -0.17) -1.08 0.001
Sleepiness Week 8 542 + 284 11.00 + 4.24 -5.58 (-9.00to0 -2.17) -1.24 <0.001
Scale Week 12 492 + 3.26 8.75 £ 5.73 -3.83 (-8.80to0 1.14) -0.86 0.004
Functional Outcomes of Sleep (FOSQ)
Activity Week 4 3.58 + 041 3.20 + 0.61 0.38 (-0.11t00.87) 0.64 0.101
Week 8 3.67 + 0.32 3.18 + 0.40 0.49 (0.15t00.83) 0.83 0.102
Week 12 3.67 + 044 3.26 + 0.60 0.40 (-0.09 to 0.89) 0.69 0.209
Vigilance Week 4 3.73 + 031 3.00 £+ 0.79 0.73 (0.06to 1.39) 1.59 0.003
Week 8 3.71 + 0.29 3.29 £ 0.35 0.42 (0.12t00.72) 0.92 0.211
Week 12 3.78 + 0.30 3.10 + 0.92 0.68 (-0.10to 1.46) 1.48 0.006
Intimacy Week 4 3.57 + 0.52 292 + 0.83 0.65 (-0.05to 1.35) 0.83 0.245
Week 8 3.69 + 054 274 + 0.99 0.95 (0.22t01.68) 1.21 0.083
Week 12 3.59 + 0.64 290 + 1.00 0.69 (-0.12to1.51) 0.88 0.099
Productivity =~ Week 4 3.85 + 0.26 344 + 0.54 0.41 (-0.051t0 0.88) 0.88 0.064
Week 8 3.88 + 0.20 3.59 + 0.27 0.29 (0.07to 0.51) 0.63 0.243
Week 12 3.78 + 0.37 3.57 + 0.46 0.21 (-0.22t00.63) 0.45 0.448
Social Week 4 3.88 + 0.31 3.56 * 0.62 0.31 (-0.22t00.85) 0.60 0.412
Outcomes Week 8 396 + 0.14 3.75 + 0.46 0.21 (-0.18to0 0.60) 0.39 0.940
Week 12 3.92 + 0.29 3.50 % 0.53 0.42 (-0.05to 0.88) 0.79 0.122
Depression Anxiety Stress Scale (DASS)
Depression Week 4 3.17 + 14.50 1450 + 16.41 -11.33 (-25.11to 2.45) -0.99 0.014
Week 8 450 + 15.50 1550 + 20.33 -11.00 (-28.12t06.12) -0.96 0.019
Week 12 4,00 + 14.50 1450 + 15.70 -10.50 (-23.891t02.89) -0.91 0.028
Anxiety Week 4 1.83 + 8.29 829 + 7.43 -6.45 (-13.33t0 0.43) -1.19 0.049
Week 8 283 + 7.75 7.75 + 11.39 -4.92 (-14.51t0 4.68) -0.90 0.079
Week 12 273 + 5.75 575 + 6.54 -3.02 (-7.861t01.81) -0.55 0.341
Stress Week 4 533 + 15.75 15.75 + 12.85 -10.42 (-21.33t00.49) -1.22 0.007
Week 8 7.00 + 15.75 15.75 + 13.75 -8.75 (-20.47 to0 2.97) -1.02 0.032
Week 12 873 + 17.25 17.25 + 10.02 -8.52 (-16.95t0-0.09) -1.00 0.031

Note: Values are mean * standard deviation. p-value calculated using mixed model analysis. Effect size
(Cohen’s d) calculated by dividing difference between CPAP and sham by the standard deviation at

baseline.
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Table 4.10 Effect of adherent CPAP use on quality of life parameters (continued)

CPAP Sham CPAP Difference Effect p-value
Variable Visit (n=12) (n=8) Mean (95% Cl) size (d)
Short-form 36 (SF-36)
Physical Week 4 85.83 + 1240 62.14 + 34.62 23.69 (-8.48t055.86) 1.25 0.006
Function Week 8 86.67 + 11.35 79.29 + 2225 7.38 (-13.50t028.26) 0.39 0.414
Week 12 89.17 + 9.73 76.88 + 23.59 1229 (-7.76t032.34) 0.65 0.083
Body Pain Week 4 79.17 + 16.70 72.00 + 32.74 7.17 (-16.07 to 30.41) 0.35 0.198
Week 8 76.67 t 21.04 76.50 * 2461 0.17 (-21.40to21.74) 0.01 0.850
Week 12 79.33 + 20.07 78.00 + 25.29 1.33 (-20.00t022.66) 0.06 0.708
General Week 4 66.92 + 16.26 63.00 + 32.79 3.92 (-24.23t032.06) 0.19 0.680
Health Week 8 69.17 + 16.57 67.00 + 31.10 2.17 (-24.67t029.00) 0.11 0.929
Week 12 70.17 + 19.17 69.50 + 27.46 0.67 (-21.16t022.49) 0.03 0.851
Vitality Week 4 68.75 * 1479 5250 + 29.88 16.25 (-9.39to041.89) 0.67 0.031
Week 8 7167 *+ 961 4438 + 2441 27.29 (6.581t048.00) 1.13 <0.001
Week 12 7542 + 16.02 46.88 + 24.34 2854 (9.67to47.41) 1.18 <0.0001
Social Week 4 90.75 + 15.02 65.75 + 31.86 25.00 (-2.25t052.25) 1.04 0.003
Function Week 8 87.67 + 1493 8450 + 2568 3.17 (-15.83t022.17) 0.13 0.519
Week 12 89.67 + 17.47 72.00 = 30.39 17.67 (-8.74t044.08) 0.73 0.027
Role Week 4 86.08 + 26.53 5243 + 5041 33.65 (-13.72t081.03) 1.00 0.014
Emotional Week 8 9450 + 12.85 8750 + 3536 7.00 (-16.23t030.23) 0.21 0.502
Week 12 86.08 + 26.53 66.63 * 39.92 19.46 (-11.61t050.53) 0.58 0.127
Mental Week 4 82.67 + 17.25 6457 + 33.97 18.10 (-13.78t049.97) 0.82 0.044
Health Week 8 82.00 + 17.10 61.00 + 28.59 21.00 (-0.37to42.37) 0.95 0.012
Scale Week 12 81.67 * 17.76 59.50 * 27.42 22.17 (1.05to043.29) 1.00 0.006
Physical Week 4 7750 + 11.02 62.00 + 27.26 1550 (-3.03t034.03) 1.11 0.155
Health Week 8 7817 + 1226 66.29 + 24.67 11.88 (-5.84t029.61) 0.85 0.423
Week 12 81.08 + 12.24 69.88 + 20.84 11.21 (-4.26t026.68) 0.80 0.265
Mental Week 4 86.42 + 1844 64.17 *+ 3699 22.25 (-16.52t061.02) 0.99 0.007
Health Week 8 88.17 + 11.72 77.63 * 2824 10.54 (-8.49t0 29.58) 0.47 0.190
Dimension Week12 85.83 + 19.54 66.13 + 30.27 19.71 (-3.58t042.99) 0.88 0.021

Note: Values are mean * standard deviation. p-value calculated using mixed model analysis. Effect size
(Cohen’s d) calculated by dividing difference between CPAP and sham by the standard deviation at

baseline.
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Figure 4.7 Effect of CPAP on mental health in adherers

Note: Adherence defined as greater than 4 hours use per night. (A) Self Esteem (B) Depression (C),
Stress (D), Anxiety and (E) SF-36 Mental Health Scale and (F) Mental Health Dimension. All
measurements are change of scores from baseline and one standard error of the mean for the
change from baseline

" Arrows indicates direction of an improvement. * p<0.05 as determined by mixed model analysis.
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Figure 4.8 Effect of CPAP on quality of life in adherers

Note: Adherence defined as greater than 4 hours use per night. (A) FOSQ Vigilance domain (B),
Epworth Sleepiness Score, SF-36 domains of (C) Social Function and (D) Vitality. All measurements
are change of scores from baseline for only those who used CPAP or sham CPAP for more than 4
hours per night. Data are mean and standard error of the mean for the change from baseline.

*

3 Arrows indicates direction of an improvement. * p<0.05 as determined by mixed model analysis.

-173 -



4.4.9 Non-sexual relationships

Adherence to sham CPAP, compared to CPAP appeared to impair non-sexual relationships,
as measured by the single EMAS question related to Non-Sexual Relationship satisfaction at
all time points (figure 4.9). Three other measured parameters included aspects of non-
sexual relationship, that of Social Function domain in the SF-36, the SERS Overall
Relationship Satisfaction domain and the EMAS Overall Relationship Satisfaction single
guestion. Overall Relationship satisfaction in the EMAS questionnaire showed both an
increase with CPAP, and a decrease with sham CPAP, which was significantly different at
week 12 (p=0.005). In the SERS questionnaire, all scores decreased for sham CPAP and
increased for CPAP, however, there was no significance difference (figure 4.9). Similarly
social function in the SF-36 both increased with CPAP and decreased with sham CPAP,

leading to a significant difference at Weeks 4 & 12 (figure 4.8C).
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Figure 4.9 Effect of sham CPAP on relationship factors in adherers

Note: Adherence defined as greater than 4 hours use per night. (A) Change in non-sexual
relationship question of the European Male Aging Study questionnaire. Non-sexual
relationship declined for sham CPAP users compared to no change or a slight improvement
in this domain for CPAP users. All time points differed between sham CPAP and CPAP. (B)
Change in Overall Sex Life Satisfaction: An increase was seen at Week 12 with CPAP,
accompanied by a slight decrease with sham CPAP, leading to a statistical difference. (C)
Change in overall relationship satisfaction in the Self-Esteem and Relationship Satisfaction
guestionnaire. Sham CPAP showed a decline at all time points compared to no change or a
slight improvement in CPAP users, however, no there was no statistical difference.

1 . . . .
¥ Arrows indicate direction of improvement. * p<0.05

-175 -



4.4.10 Non-adherence to therapy
In participants not adherent to CPAP / sham CPAP, those who used the device less than 4

hours per night or not at all, several differences were noted between the CPAP (n=14) and
sham CPAP (n=20) groups at Week 12. All differences were due to decrements in CPAP
group and improvements in sham CPAP group, opposite to that of participants’ adherent to
therapy. There was a worsening in the CPAP group, compared to improvements with sham
CPAP, in the depression domain of the DASS (change from baseline: CPAP 2.14+3.46, sham
CPAP -4.35+6.17, p=0.002), the SF36 Role Emotional domain (CPAP -16.64+33.93, sham
CPAP 13.77£29.06, p=0.012) and the SF36 Mental Health Dimension (CPAP -6.38+18.46,
sham CPAP 8.94+17.81, p=0.026).

4.4.11 Treatment Satisfaction

After 4, 8 and 12 weeks of CPAP/sham CPAP, participants were asked about their
satisfaction with treatment as it referred to erectile function using the Erectile Dysfunction
Inventory of Treatment Satisfaction (EDITS) questionnaire. Participants allocated to CPAP
were more satisfied with treatment, as it related to erectile function, than those allocated
to sham CPAP at the week 12 time point (table 4.10A). This difference became more
apparent for adherent users of CPAP treatment (table 4.10B). At all time points, over 70% of
those allocated to CPAP were satisfied with treatment, as defined by a score greater than
50, compared to less than 60% of those allocated to sham CPAP. For adherent users, 100%
of participants allocated to CPAP were satisfied with treatment at Week 12 compared with
37% of adherent sham CPAP users (p=0.005) (figure 4.10). Given the factorial nature of the
study, the effects of Vardenafil may influence this result. Satisfaction rates with Vardenafil
versus placebo (Vardenafil 67-72% vs placebo 46-51%) were very similar to that of CPAP

versus sham CPAP. In the assessment of those men who had received placebo medication,
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55-60% were satisfied with CPAP versus 39-40% of men allocated to sham CPAP.

significantly different at weeks 8 & 12 (p=0.016 and p =0.041 respectively)

Table 4.11 Treatment satisfaction scores for CPAP

A

CPAP Sham CPAP

(n=28) (n=27) p-value
Week 4 654 * 194 56.6 * 24.7 0.190
Week 8 64.1 * 20.2 553 * 26.0 0.199
Week 12 674 * 228 53.6 * 245 0.041
B

Adherent CPAP Adherent Sham CPAP

(n=12) (n=8) p-value
Week 4 684 + 18.7 71.8 + 20.1 0.711
Week 8 763 = 136 520 * 266 0.016
Week 12 788 *+ 145 544 + 194 0.012

Note: (A) All participants; (B) CPAP Adherers only. Values are mean + standard
deviation. p-value calculated using mixed model analysis.
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Figure 4.10 Percentage of participants satisfied with treatment for erectile function

Note: Satisfaction defined as a score of more than 50 in the EDITS questionnaire (A) CPAP versus
sham CPAP, (B) Adherent users of CPAP versus adherent users of sham CPAP. * p<0.05
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4.5 DISCUSSION

This is the first randomised sham controlled study to investigate the effect of CPAP on
sexual function. Using a factorial 2x2 randomised controlled trial, this study confirms that
CPAP improves sexual satisfaction and increases the number of sleep related erections,
without increases in tumescence or rigidity, but does not improve subjective erectile
function on an intention-to-treat basis. However, for those men who adhered to treatment,
(per-protocol analysis) both erectile function and sexual desire improved. There were
significant improvements in several aspects of sexual functioning and relationship
parameters. Additionally, those participants who were adherent to CPAP also had reduced
sleepiness, improved levels of mood and several parameters related to quality of life, and
were satisfied with treatment compared to sham treatment.

4.5.1 Subjective Erectile Function

This study has demonstrated that CPAP treatment, under an intention to treat basis does
not improve subjective erectile function compared to that of sham CPAP. However, for
those men who are adherent to CPAP, there was a statistical (p=0.037) and clinically
meaningful improvement in erectile function (IIEF-ED increase by at least 4 points) [545]
compared to those adherent to sham CPAP. Response to CPAP treatment differed between
participants. A little over half of men adherent to CPAP treatment had clinically significant
improvements in erectile function. This finding is in contrast to previous uncontrolled
studies which have found little improvement in erectile function when OSA is treated. In
one such study, no improvement from baseline was found in erectile function in 16 men
with OSA who had used CPAP for 7 months, as measured via the Korean version of the IIEF
[483]. Similarly, another study also found no improvement in erectile dysfunction in 27 men

with 10 weeks of adequate CPAP usage respectively [408]. Two studies have reported that 4
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in 5 patients with OSA and ED did not report an improvement in erectile function with 3
months and 1 year of CPAP usage [484, 546]. Likewise, in another study, 2 out of 3 patients
did not find an improvement in ED with one year of CPAP usage [474]. A long term (3 year)
observational study of CPAP users and non-users found that overall there was no
improvement in erectile function, however, only those with moderate-severe ED improved
with CPAP therapy [412]. A shorter study of 2-3 months similarly found a greater
improvement only in those with significant ED, but not overall [408]. However, like the
present study, several others have reported improvements in erectile function overall. In
one of the few other studies specifically targeting men with both OSA and ED, a group of 15
men who were all treated with CPAP for 12 weeks in an observational study, an
improvement in erectile dysfunction was found, as well as all other domains in the IIEF
except sexual desire [473]. A small (n = 27) randomised no-treatment controlled study
showed a significant improvement in ED after 1 month of CPAP [481], however this should
be interpreted with caution, given the short period of treatment, and the lack of placebo
control. A prospective randomised study, using an anti-depressant as a comparator
treatment, found that one month of CPAP treatment in those with severe sleep apnoea was
sufficient to increase IIEF scores from 15 to 19. Although this study was described as
placebo controlled, the placebo was an anti-depressant medication, which may negatively
impact on erectile function [417, 482]. An interim report of a longer study not yet
completed reported that 23 patients treated with either CPAP, surgery or oral device found
an increase in IIEF scores after 3 months of treatment [475]. The increase in sexual function
in this study was not accompanied by any changes in testosterone levels, suggesting there

may be an alternative mode of action.
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The current data found a significant improvement in erectile function with CPAP compared
to sham CPAP, but only in those who adhered to treatment. The absence of a placebo
control in previous studies has clearly been a limitation. A notable placebo effect was seen
in the current study, particularly with those who were adherent to treatment, with
participants allocated to sham CPAP reporting an increase in erectile function at week 4,

with a decline at week 8, and an eventual return to baseline at Week 12 in the sham control
group.

4.5.2 Objective Erectile Function

The number of sleep related erections (SRE’s) increased with CPAP treatment. This
improvement in the number of erections overnight with CPAP use suggests that by
abolishing airway obstruction and thus disruption from sleep, erections in REM sleep were
no longer inhibited. The disruption of REM sleep due to OSA may reduce SRE’s, which
normally occur during each REM sleep period [30]. The first study to report impaired SRE’s
with patients with OSA was in 1981 which found that 7 of 15 patients in the study with
apnoea or hypoventilation showed abnormal NPT determined via visual inspection of the
recording [433]. Likewise, a review of 31 patients in 1986 being investigated for ED with
NPT, found that 10 of these patients had sleep apnoea, resulting in disturbed nocturnal
erections, and concluded that full sleep studies should be performed in conjunction with
NPT to ensure that there is not an incorrect diagnosis of an abnormal NPT, namely, OSA
[434]. There was no comment that this may be a contributor to ED. In 1989, a small
correlation was found between apnoea index and penile rigidity in a study of 285 patients
[437]. The earliest study regarding the effect of CPAP on nocturnal erections reported that
one night of CPAP usage was sufficient to improve nocturnal erections for some men when

measured using mercury strain gauges [438]. Of the 22 OSA patients presenting with ED for
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this study, 15 had impaired NPT recordings on a night without CPAP, defined as penile
rigidity less than 500 grams and a tip circumference change of less than 16 millimetres.
Overall, there was no change in NPT parameters when CPAP was used, however, as with
subjective erectile function, there was individual variation. There were 5 individuals who no
longer had an impaired reading on the next night using CPAP. This interpretation of this
result is limited, however. Depending on the criterion used to assess abnormality of NPT,
there can be considerable night-to-night variability [472]. In the only other study assessing
the impact of CPAP on nocturnal erections, after 3 months of treatment which included
participants using CPAP as well as those who had undergone surgery for OSA, the only
parameter reported was of percentage rigidity greater than 80%, which showed an
improvement from 13.8% to 40%. Duration of erection, rigidity activation units and
tumescence activation units were not reported. In a review of the current methodology
using the Rigiscan device parameters of RAU and TAU compared with traditional cut-offs of
normal and abnormal recordings, the diagnostic accuracy of the device did not go above
75% in any of the parameters, due to a large overlap in the RAU and TAU in that of men
considered to have normal and abnormal erectile function, however, the authors recognised
its utility in a research context and in documenting treatment efficacy in a clinical setting
[105]. In this regard, changes in NPT are a more useful measurement of treatment efficacy.
The current study showed no improvement with CPAP in the quality of nocturnal erections,
only the quantity. Since erections occur in REM sleep, it is important to consider the
quantity of this sleep stage, which may change due to the treatment of OSA. No such
change was seen in this study between the percentage of REM sleep at baseline and Week
12. Visual inspection of NPT recordings shows that while at baseline some participants did

not have erections during all episodes of REM sleep, these were more common at the Week
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12 visit, as shown in the example given. Unfortunately, in the current study, only 16
participants were both agreeable to NPT monitoring and adherent to CPAP (n=10) /sham

CPAP (n=6), which limits full investigation of the effect of CPAP on NPT in this population.

Although NPT measurements may be able to distinguish the cause of ED as being either
physiological or psychological in origin, there is controversy regarding the distinct bimodal
categorization of aetiology, as well as the accuracy of device itself. However, to fully
investigate the current data using previously defined criteria was considered useful. By
analysing baseline data for the subset of patients, whom were agreeable to NPT monitoring,
approximately one third would be considered to have a psychological basis of their erectile
dysfunction using traditional criteria. If these men do have purely psychological erectile
dysfunction, the additional of physical treatments such as CPAP, may not address the
underlying issue. Given the association of OSA with depression [547], and the bidirectional
relationship between ED and negative mood, self-esteem and life satisfaction [37], this
complex relationship may play an important role in response to treatment. Prior to the
1990’s, ED was thought to be completely psychological in origin [101], and in a complete
turnaround, it has now been suggested that sexual dysfunction has been increasingly
attributed to medical causes and overlooks the contribution of psychological and social
factors [11]. Indeed none of the studies aforementioned in regards to the association
between OSA & ED have mentioned the possibility of a psychological influence. In the
present study, at baseline, half of all participants scored at least moderate depression on
the Depression Anxiety Depression Scores [548]. With the presence of emotional problems

or stress increasing the likelihood of ED by 3.5 [1], the possibility that there may be a
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psychological influence on ED in this study cannot be ignored, however, the small numbers
of participants agreeable to NPT monitoring limits further investigation.

4.5.3 Non-Erectile Sexual Function

The effect of CPAP on sexual function other than erectile function has not previously been
studied in a randomised controlled study. In this study, satisfaction with sexual function, as
determined by the overall satisfaction domain of the IIEF was found to be improved with
CPAP. Likewise, a previous observational study of 1 year of CPAP treatment, in which all
participants used CPAP for more than 4 hours, showed improvements in sexual satisfaction
in men with OSA [474], however, this was not seen in a shorter 2-3 month study of CPAP in
which all participants were included, with adherence self-reported to be over 6 hours per
night [408]. Both of these previous studies were in men with OSA, not specifically included
on the basis of erectile dysfunction. The improvement in sexual satisfaction seen in the
longer term study thus may not necessarily relate to improvements in erectile function. The
current study showed improvements in sexual satisfaction occurred in the absence of
statistical improvements in erectile function. This suggests there may be other factors, such
as sleepiness, mood or relationship factors which improve with CPAP, and contribute to

sexual satisfaction.

An increase in sexual desire was seen in this study for participants adherent to CPAP
treatment. Only two other studies have reported the influence of CPAP on libido. Unlike the
current study, three months of CPAP treatment did not change libido in 15 men with OSA
and ED [473]. A long term observation study of 3 years of CPAP use found a change in libido
between those who did and did not use CPAP, in that a slight improvement in those who

used CPAP, compared to an equal decline in those who did not use CPAP resulted in a
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significant difference [412], suggesting that CPAP treatment may prevent a decline in libido
with the progression of time, rather than increase it. CPAP did not change orgasmic
function in this study. Effects of CPAP on orgasmic function has been previously reported
only in one study, and was shown only to decline in those men with OSA who do not use
CPAP compared to those who did [412].

4.5.4 Sleepiness and Sexual Function

Studies reporting aspects of sexual function affected by sleepiness, and the effect of CPAP
thereof have been limited. The Intimacy and Sexual Relationships domain of the FOSQ
guestionnaire provides an opportunity to evaluate how sleepiness can affect intimacy and
sexual relationships, in regard to sexual desire, ability to become aroused and the ability to
have an orgasm. The current study, did not find an improvement in this domain of the
FOSQ due to CPAP compared to sham CPAP either when analysed under intend-to-treat or
per-protocol analysis. Several other studies have also not found any improvement in this
domain with CPAP treatment [366, 549-551]. In contrast, some observational studies have
found an improvement. In a large (n=123) study using this questionnaire, at least 3 months
of CPAP treatment improved in this domain with an effect size of 0.44 for all subjects
compared to baseline (p<0.001), however when stratified on the basis of severity of OSA,
only those with the most severe apnoea (AHI greater than 60) had significant improvement,
with an effect size of 0.77 [410]. Similarly, the FOSQ Intimacy domain improved with CPAP
use by 0.57 points in men in a study investigating the efficacy of a hypnotic agent on CPAP
adherence [476]. The lack of control group in these studies limits the interpretation of the
improvement seen, due to the subjective nature of sexual functioning. In the current study,
both CPAP and sham CPAP improved from baseline to week 12 in the per-protocol analysis

in this domain but there was no statistical difference between the two.
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4.5.5 Relationship Factors
The detriment in non-sexual relationships and social function with adherence to sham CPAP

is a novel finding. No other study has reported decrements with adherent use of sham
CPAP. Participants, who diligently persevere with treatment, without receiving benefit, may
have a decrement in relationship quality for a number of reasons. Potentially, both patient
and partner have high expectations and devote energy to successful use of treatment, and
experience discomfort from the addition of the sham CPAP mask to the bedroom, without
receiving the rewards, thereby creating disappointment and potentially conflict. For the
partner, both the snoring and the sound of the sham CPAP machine and mask could also
contribute to continuing poor sleep quality.

4.5.6 Quality of Life

For those men adherent to treatment, but not overall, significant improvements were seen
in several parameters of psychological wellbeing, including stress, depression in the DASS
guestionnaire, as well as the mental health domains in the SF-36. Previous studies have
shown improvements in depression scores even with low usage of CPAP (<3 hours)
compared to an oral placebo [361]. The current study was not able to show such an
increase in the intention to treat analysis, which yielded a higher adherence rate (3.7hours),
however, there was a significant improvement in depression levels at all timepoints for
those who adhered (>4hours) to CPAP treatment. Adherent CPAP users exhibited several
improvements in quality of life, specifically in regards to reduced sleepiness, vigilance and
vitality. A reduced level of sleepiness may have some impact upon mood, which may also
have impacts on quality of life. Of all the sub-scores in the quality of life measurement tool
SF-36, that of vitality is said to be the most affected in those with OSA, and has been

reported as the only domain sensitive to clinical categories of sleep disordered breathing
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[330, 337]. This study did show an improvement in vitality, but only for those who were
adherent to treatment. Improvements in other parameters of quality of life have also been
noted in CPAP use, particularly for those who experience more symptoms pre-treatment
[346]. Improvements in domains of the SF-36 have been shown in several studies, with
particular improvements in the field of mental health and vitality, more so with those who
adhere to treatment [361, 363, 552]. Improvements in all except one domain (intimacy and
social function) of the FOSQ were found in a sham CPAP controlled study of 45 patients
[364]. In contrast, in another oral placebo randomised controlled study of those with mild-
moderate (AHI 5-30) OSA, no change was seen in any parameter of the SF-35 or FOSQ
guestionnaire by the use of CPAP [368]. Limitations in interpreting this result include low
usage of CPAP (3.5+2.1 hours/night) and a placebo effect was noted in the control arm,
[368]. However, a sub analysis of those whom were adherent to CPAP treatment (>4hours)
also showed no improvement in any domain of the SF36 or FOSQ questionnaires in this mild
OSA group [368]. Potentially this may be due to lower symptomatology in this group.

4.5.7 Adherence to CPAP

CPAP use in this study (mean 3.7 hours, 48% using more than 4 hours per night) is similar to
a number of other studies of men with severe OSA [542, 553, 554]. Other studies have
found AHI, BMI, and ESS to have effects on CPAP adherence [357, 555, 556], however this
study found no such difference. The only statistical difference between the those who
adhered and did not adhere to CPAP treatment was that of relationship length, in that those
who were adherent had been in a relationship for an average of 21.6 years, compared to
those 12.3 years for non-adherent users. Previous studies have also found partner influence
to be influential in CPAP usage. One study showed that those patients whom were living

with a partner tended to have a higher adherence rate to treatment, with an odds ratio of
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1.5 of being adherent (>4hours/night) with CPAP treatment [357]. In a small, 2 week study,
the number of nights in which a man with OSA slept in the same bed as his wife was
positively correlated with CPAP adherence [195]. In a longer term (6 month) sham
controlled study, those who were more adherent to treatment, in both active and placebo
arms, were more likely to be married [359]. Indeed having a partner at home has been
identified as being a predictor in adherence to treatment [557]. This study required that all
participants be in a stable relationship for at least 6 months prior to entry to ensure that
there was ample opportunity to assess erectile function. For couples in which erectile
dysfunction is present, relationship quality can be detrimentally affected [558]. This
relationship quality can have an influence on CPAP adherence, with levels of conflict in the
relationship, as well as perceived pressure from partners, having an inverse relationship
with hours of CPAP use [355, 356]. In another study, patients whom had sought treatment
for OSA due to their spouse rather than being self-referred were less adherent to CPAP
treatment [537]. The presence of ED may have effects on CPAP adherence, both
detrimental and beneficial, depending on relationship quality. Potentially, there may be a
bidirectional relationship regarding relationship quality and CPAP adherence in this
population. Trending towards a difference but not reaching statistical significance was the
duration of erectile dysfunction with those adherent to treatment having ED for a shorter
time (p=0.059). In a study of men seeking medical assistance for their erectile function from
their GP, the majority were those who had experienced ED for a shorter time frame (<1
year) [559]. These men may be more receptive to treatment options than those who have
had the condition for a longer period, and is an important consideration in the clinical

setting.

-188 -



Adherence to CPAP treatment in previous trials in men with OSA and ED has been addressed
using differing methodologies. Several studies did not report adherence [438, 484, 485]
while in other studies, those not adherent to CPAP were either excluded [414], allocated to
surgery as an alternative treatment [354] or used as controls [412]. In a study of CPAP
versus an anti-depressant, all patients were reported to use CPAP 7 hours a night every
night, and another study comparing oral appliance with CPAP reported CPAP usage of 6.8
hours per night [408, 417]. Neither of these studies report on how such a high adherence

rate was achieved or determined.

In men adherent to CPAP treatment in this study, 100% were satisfied with treatment as it
pertained to erectile function. In the only other similar study reporting treatment
satisfaction with CPAP, only 20% of all participants reported satisfaction with CPAP
compared with 53% satisfied with Sildenafil [484]. This study, however, did not report on,
nor stratify by adherence to CPAP. Potentially, the perceived positive effects of CPAP may
reinforce CPAP use, with those finding benefit from treatment more likely to persist with

treatment.

When data was stratified by adherence, there were four parameters in which a significant
interaction between CPAP and Vardenafil was found in those who used CPAP greater than 4
hours per night - ESS, SF-36 domains Role Physical, General Health, and Physical Health.
When these parameters were investigated further, there were no synergistic effects, that is,

receiving both treatments did not produce an effect greater than the sum of the two.
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4.5.8 Strengths and Limitations

One of the strengths of this study is the randomised control design. Given the reliance on
subjective outcomes in relation to sexual function and quality of life parameters, a placebo
component is imperative to correctly verify the impact of treatment. Additionally, the
duration of the study being twelve weeks allowed changes which take time to occur to
become apparent, as well as extricating a placebo effect for many parameters which
declined with time. A longer period of treatment may have further quantified the effect of
treatment or a lack of decline in functionality as seen in other long term studies [412, 546].
Limitations to the study include a low adherence to CPAP treatment overall which limits
findings, and low patient numbers who adhered to treatment may not have provided
sufficient power to clearly document the effect of CPAP on sexual function. The intervention
at week 4 to enhance adherence may not have been early enough to be effective. CPAP did
not completely eliminate OSA, with participants falling into the mild range (AHI 7) at study
completion, which may limit treatment effects seen. Additionally, low overall numbers may

have been insufficient to detect interactions between the two treatment arms.

4.6 CONCLUSION

This data provides evidence that CPAP is able to improve sexual function, erectile function
and increase sexual desire when used as prescribed. Reduction in scores of rates of
depression, stress, anxiety and sleepiness due to CPAP use may contribute to overall
satisfaction in sexual relationships, and improve several aspects of quality of life. Sham
CPAP may not be an ideal control device due to decrements in relationship quality. CPAP
treatment of more than 4 hours per night may be an effective treatment for improving
overall sexual health as well as quality of life, however, a little over a third of patients are

able to adhere to this treatment.
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5 The effects of Vardenafil on sleep disordered breathing,
sexual functioning and quality of life in men with OSA

5.1 CHAPTER SUMMARY

Introduction: Erectile dysfunction and obstructive sleep apnoea occur together in
approximately 10-15% of community dwelling men. PDE-5 administration, the current
treatment of choice for ED, has been shown to improve erectile function and sleep related
erections in otherwise healthy men; however uncontrolled studies have reported PDE-5
inhibitors to be less effective in men with OSA than that of other populations. High dose PDE-5
inhibitors when used on-demand have been shown to increase nasal obstruction, making those
susceptible to airway collapse at higher risk of obstructed breathing. Men with OSA are
reported to have impaired sleep related erections. The efficacy of PDE-5 inhibitors on sleep
related erections in men with OSA has not been investigated. This study aims to determine if a
low daily dose of 10mg Vardenafil is effective in improving subjective erectile function and
sleep related erections, as well as self-esteem, relationship, quality of life and treatment
satisfaction without worsening sleep disordered breathing in men with OSA and ED.

Methods: Sixty-one men with erectile dysfunction (ED) and obstructive sleep apnoea (OSA)
were randomised to receive either daily 10mg Vardenafil or placebo as part of a 2x2 factorial
study also investigating the efficacy of continuous positive airway pressure (CPAP), for a period
of 12 weeks. Subjective measures of sexual function, mood, relationship factors and quality of
life were assessed prior to, and after 4, 8 and 12 weeks of allocated treatment. Objective
measures of sleep, breathing, and sleep related erections were recorded at baseline and after
12 weeks.

Results: Vardenafil did not worsen any parameter of sleep disordered breathing for those
allocated to sham CPAP treatment. Subjective erectile function improved initially at Week 4 &
Week 8, but was not different than that of placebo at Week 12. Nocturnal erection quality
improved with Vardenafil in regards to rigidity and tumescence. Vardenafil reduced distress due
to sexual dysfunction and improved self-esteem and relationship satisfaction but had little
impact on any other measurement in quality of life. Treatment satisfaction scores were higher
for those taking Vardenafil than placebo throughout the study; however, in terms of being
satisfied with treatment, this was only apparent at Week 4.

Conclusion: Although an improvement in sleep related erections was seen, a daily dosage of
10mg Vardenafil may not be sufficient to completely improve erectile function in all men with
OSA and ED, however, sufficient improvements in self-esteem and relationship satisfaction may
warrant clinical application. This dose did not worsen sleep disordered breathing.
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5.2INTRODUCTION

Erectile dysfunction (ED) and obstructive sleep apnoea (OSA) often co-exist. As well as OSA
being male predominant, these conditions have common risk factors such as obesity and
increasing age, and co-morbidities such as diabetes, hypertension, depression and
cardiovascular disease [62, 313, 560-564]. Current literature suggests a high overlap between
the two conditions, with rates ranging from 30-70% of OSA clinic based patients having ED [404,
409, 414, 422, 431], with similar rates of ED clinic patients having OSA [415, 424, 434, 437].
Men with OSA and ED thus represent a large population for whom effective treatments exist;
however, these treatments have not been fully investigated in the presence of the other

condition.

The current treatment of choice for erectile dysfunction is the class of medication known as
prosphodiesterase type 5 (PDE-5) inhibitors, used when needed (i.e. on-demand). These act by
increasing cyclic quanosine monophosphate (cGMP) in the corpus cavernosum. As a result,
there is a relaxation of the previously contracted smooth muscle and an inflow of blood, leading
to an erection. This action enhances the normal response to sexual stimulation, which is a
release of nitric oxide in the corpus cavernosum. Nitric oxide activates an enzyme, guanylate

cyclise, which in turn increases cGMP [565].

PDE-5 administration has been shown to increase nasal obstruction, both subjectively and
objectively, in the nasal mucosa [460, 461]. For those susceptible to sleep disordered breathing,
this creates a theoretical risk of further impaired airway patency due to engorgement of upper
airway tissues, which may result in a reduction of nasal cross-sectional area and increase the
tendency for relaxation of the soft tissue in the pharyngeal muscles [460-462] thus increasing

the risk of obstructive sleep apnoea. Indeed, a recent randomised placebo-controlled study of
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13 men with severe OSA showed that a 50mg dose of Sildenafil prior to sleep increased the
apnoea hypopnoea index (AHI) from 32.3+11.3 to 48.1+20.8 (p=0.01), oxygen desaturation
index from 18.51+9.1 to 30.3+14.5 (p<0.01), and amount of time hypoxic while asleep from
7.9%13.3%, to 15.6% +9.6% (p<0.01) [463, 464]. This small study requires further investigation

to determine if a lower dose of PDE-5 inhibitors is safe for those with OSA.

Sleep related erections (SRE’s) occur during REM sleep, and have been shown to be impaired in
men with OSA, potentially due to sleep fragmentation or hypoxaemia [22, 434]. SRE’s have
been described in the scientific literature since the 1940’s [23, 24]. These were confirmed to be
associated with REM sleep some thirteen years after the discovery of this stage of sleep [25,
26]. During the sleep period, approximately 1-2.5 hours are spent in REM sleep [566].
Erections occur during approximately 90% of this time [7]. Although the function of nocturnal
erections is unknown, these episodes of penile blood engorgement increase corporeal
oxygenation and may function to protect the morphological integrity of the penis [30, 31].
Without regular oxygenation, fibrosis of the smooth muscle may occur leading to atrophy of the
corpora cavernosa [567]. PDE-5 administration has been shown to improve sleep related
erections in otherwise healthy males [130, 132, 568, 569], however, this has not been
investigated in the presence of OSA. Potentially, the administration of PDE-5 inhibitors can
assist SRE’s and may be useful in the prevention of deterioration in the cavernosal smooth
muscle [569]. The efficacy of PDE-5 inhibitors in men with OSA has been reported in one
uncontrolled study to be less than that of the general male population [484]. Given this report,
together with the lack of placebo controlled studies in men with OSA and the widespread use of
this medication, further investigation into the effects of PDE-5 inhibitors on breathing during

sleep and its efficacy in this population are required. This study aims to investigate if a low
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dose of 10mg Vardenafil, administered daily, is effective in improving subjective erectile
function and sleep related erections, without worsening sleep disordered breathing in men

with OSA and ED.

5.3 METHODS

This was a multisite study, performed in Sydney at the Woolcock Institute of Medical Research,
Glebe, New South Wales and in Melbourne at the Department at Respiratory and Sleep

Medicine, Monash Medical Centre, Clayton, Victoria, as described in section 3.2.

This study was performed as part of a 2x2 factorial study, investigating the effects of 12 weeks
of Vardenafil and CPAP in men with OSA and ED. Sample size was determined as described in
section 3.2.4. After baseline data collection, eligible participants at each site (Sydney and
Melbourne) were randomised using two separate lists via computer generated random blocks
of four to either 10mg Vardenafil or placebo in a 1:1 ratio. Participants were also allocated to
either CPAP or sham CPAP concurrently, in equal numbers between the two groups. Subjective
measurements were assessed before, as well as after 4, 8 and 12 weeks of treatment. Once
treatment was commenced, subjective efficacy of treatment was assessed at all following visits.
Objective measurements were performed at baseline, prior treatment and week 12, when the
allocated treatment was used.

5.3.1 Participants

Sixty one men aged between 18 and 65 years who had both obstructive sleep apnoea and
erectile dysfunction were recruited into the study, as described in section 3.2.2. Briefly,
participants were required to have at least moderate obstructive sleep apnoea, defined as an
apnoea-hypopnoea index (AHI) measured by polysomnogram, of greater than 20 events per

hour, with an oxygen desaturation of 3 % or greater (ODI3) of at least 15 events per hour, as

- 194 -



well as erectile dysfunction, defined as a score of less than 26 in the erectile function domain of
the International Index of Erectile Function (IIEF) questionnaire.

5.3.2 Vardenafil & Placebo

Participants were randomised to receive either 10 milligrams of Vardenafil hydrochloride
trihydrate (product name Levitra) or placebo (Bayer Schering Berlin, Germany). Peak
concentration of Vardenafil is reached in around one hour (minimum being around 15 minutes),
with a half-life of around 4 hours [570]. Participants were instructed to take one tablet daily
one hour before attempting to fall asleep, regardless of their intention to attempt sexual
activity. Medication sufficient for a four week period was dispensed at baseline, week 4 and
week 8 with any remaining tablets returned at the next visit. Returned tablets were counted
manually to assess adherence with treatment.

5.3.3 Statistical Analysis

Statistical analysis was performed using SAS statistical package version 9.2 (SAS Institute, Cary,
North Carolina, USA), as described in section 3.2.4. Student t-tests, or Fishers exact tests, were
first used to compare groups at baseline. The outcome variables were the mean values at
weeks 4, 8 and 12 weeks as appropriate, with week 12 being the visit of interest. Data was
analysed using intention-to-treat principles, performed as per established methods for factorial
studies [517, 518]. Mixed model analysis was first used to test the hypothesis there was no
interaction between the treatments used in the 2x2 factorial study. The interaction between
the two treatments, as well as time, was assessed. If interaction terms were not significant, a
secondary analysis of treatment effects, in the absence of time was assessed. If no interaction
was found, the effect of each treatment was assessed in separate models of treatment, time
and the interaction term treatment*time, taking baseline values into consideration. The raw

mean, standard deviation, and between-group difference at each time point was
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reported. Normality of residuals of the final model was confirmed. Where no baseline data was
present (ie for treatment efficacy), mixed model analysis was used, in the absence of any
baseline considerations. Student t-tests were used to compare the number of participants
satisfied with treatment at each time point.

5.3.4 Subjective Assessment of Sexual Function

Subjective measurements of sexual function, relationship quality and quality of life were
assessed at baseline and after 4, 8 and 12 weeks of treatment using self-administered
computerized or paper based questionnaires, which was consistent for individual patients as
described in section 3.2.5. Briefly, participants sexual function was primarily assessed using the
International Index of Erectile Function (IIEF) questionnaire [89]. Additional measures of sexual
function were obtained from the European Male Aging Study (EMAS) [84, 85] and the Self-
Esteem And Relationship Satisfaction (SERS) questionnaires [519]. Quality of life was assessed
using the Short-Form Medical Outcomes Survey (SF-36) [333, 334, 520], the Depression Anxiety
Stress Scale (DASS) [521-523] and the Functional Outcomes of Sleep Questionnaire (FOSQ)
[339]. Levels of sleepiness were assessed using the Epworth Sleepiness Score (ESS) [324, 524].
Satisfaction with treatment was assessed at Week 4, Week 8 and Week 12 using the Erectile

Dysfunction Inventory of Treatment Satisfaction (EDITS) questionnaire [93].
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5.3.5 Nocturnal Penile Tumescence (NPT)
Sleep related erections were measured on a subset of participants who agreed to take part,

using nocturnal penile tumescence (NPT) monitoring prior to treatment and at study
completion using a Rigiscan Plus monitor [102] as described in section 3.2.6.

5.3.6 Blood Parameters

A single early morning fasted blood sample was collected after the overnight sleep study at
baseline and at Week 12. Parameters assessed included reproductive hormones and routine full
blood examination for safety.

5.3.7 Polysomnography

Overnight polysomnography was performed at baseline, prior treatment, and at Week 12 using
the allocated treatment, in an attended laboratory setting and analysed using a Sandman Elite
system and software (Sandman Elite v9.2, Tyco Healthcare, Denver, Colorado) at the Sydney
site, or Compumedics Profusion 2 (Melbourne, Australia) at the Melbourne site. A description

of polysomnographic methods and analysis can be found in section 3.2.7.
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5.4 RESULTS

The flow of participants through the study is shown in figure 5.1. Sixty-one men were
randomized into the study, of these, 49 were from the Sydney site and 12 were from
Melbourne. Of these participants, 30 were allocated to receive Vardenafil, and 31 to placebo.
Six participants withdrew from the study after randomisation. Four participants were from the
Sydney site, while two were from Melbourne. Of these, two withdrew from the study due to
being unhappy with the CPAP/sham treatment and four withdrew due to personal reasons.
Four of the six withdrawals were randomised to placebo medication. There was no difference in
any demographic, sleep or erectile function parameter between those who withdrew and those

who completed the study (data not shown). Fifty five men completed the study.

Participants were aged 54.119.1 years, had severe OSA (AHI 46.1+25.8) and moderate ED (lIEF-
ED 12.547.5). Baseline characteristics of sleep and breathing parameters, medical history and
degree of erectile dysfunction between those who were randomised to Vardenafil and placebo
are shown in table 5.1. There were no differences between the groups in regard to
demographic variables or disease severity, with the only exception being duration of sleep and

neck circumference, which were longer/larger in the Vardenafil group.
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Table 5.1 Baseline characteristics

Vardenafil Placebo

(n=30) (n=31) p-value
Age (years) 545 + 95 53.8 * 8.9 0.770
Medical History
Duration of erectile dysfunction (years) 6.0 + 438 6.2 * 54 0.853
Hypertension n (%)? 17 (57) 15 (48) 0.492
Using antihypertensives n (%) 13 (43) 12 (39) 0.731
Hypercholesterolemia n (%) 9 (30) 7 (23) 0.454
Using statins n (%) 7 (23) 4 (13) 0.187
Diabetes n (%)" 6 (20) 5 (16) 0.523
Lifestyle Factors
Relationship duration (years) 17.1 + 140 174 + 135 0.938
Number of drinks per week 84 + 96 112 + 155 0.398
Drink more than 10 drinks/week n(%) 10 (33) 11 (36) 0.782
Past smokers n(%) 25 (83) 25 (81) 0.903
Fathers n(%) 24 (80) 21 (68) 0.448
Anthropometry
Weight (kg) 100.7 + 15.6 1004 + 16.5 0.944
Body Mass Index (kg/m?) 327 + 46 329 + 5.2 0.860
Neck circumference (cm) 439 + 3.0 420 + 238 0.012
Mid-arm circumference (cm) 333 + 2.7 331 + 3.3 0.817
Waist circumference (cm) 1116 + 11.8 1101 + 13.1 0.635
Hip circumference (cm) 109.7 £ 9.3 1085 = 12.1 0.664
Mid-Thigh circumference (cm) 523 + 6.5 525 + 6.6 0.951

Note: Values are mean # standard deviation or number (percentage). p-value calculated by Students t-
test or Fishers exact test. Aas diagnosed prior entry into the study. kg=kilograms, kg/m?’= kilograms per
metre squared. cm=centimetres

(Continued over)
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Table 5.1 Baseline Characteristics (continued)

Vardenafil Placebo
(n=30) (n=31) p-value

Sleep and Breathing
Total Sleep Time (minutes) 369.4 + 50.8 3274 + 93.0 0.033
Sleep Efficiency (%) 825 + 95 734 + 207 0.031
REM (% of total sleep time) 163 + 7.7 168 t 6.6 0.797
Arousal index (/hour) 39.0 + 233 291 + 151  0.056
Apnoea Hypopnoea Index (AHI) 489 + 268 434 + 249  0.410
NREM AHI 496 * 284 451 + 265 0.527
REM AHI 493 + 232 469 + 276 0.722
Minimum SpO2 748 + 11.0 772 + 103  0.387
Time SpO2 below 90% (min) 126 + 155 122 + 149  0.905
Oxygen Desaturation (3%) Index 47.7 + 306 404 * 27.7 0341
Subjective Sexual Function & Relationship
International Index of Erectile Function (IIEF) 345 + 16.2 346 + 163 0.978
IIEF - Erectile Function 12.7 + 75 123 + 7.7 0.808
IIEF - Intercourse Satisfaction 6.0 £ 38 57 + 4.1 0.786
[IEF - Orgasmic Function 57 £ 33 57 *+ 35 0.991
IIEF - Overall Satisfaction 42 t 2.2 45 + 2.2 0.545
IIEF - Sexual Desire 59 + 19 64 £ 21 0.317
European Male Aging Study (EMAS) 347 + 6.7 328 + 85 0.344
EMAS - Sexual Function related distress 11.2 + 5.2 9.7 = 47 0.245
EMAS - Change in Sexual Functioning -3.0 + 3.0 -3.4 t 35 0.703
EMAS - Overall Sexual Functioning 157 + 5.2 152 = 6.6 0.782
EMAS - Masturbation 22 + 16 23 + 138 0.839
Self Esteem and Relationship (SERS) 381 + 12.0 389 + 111 0.792
SERS - Sexual Relationship Satisfaction 19.2 + 8.0 186 * 6.9 0.783
SERS - Confidence 186 + 5.5 203 + 53 0.237
SERS - Self Esteem 11.7 = 45 130 =+ 4.1 0.276
SERS - Overall Relationship Satisfaction 6.9 + 19 71 £ 21 0.608
Nocturnal Penile Tumescence (n=43)
Tip Rigidity Activation Units 204 + 171 26.0 + 302  0.503
Tip Tumescence Activation Units 171 + 15.0 21.3 + 345 0.642
Base Rigidity Activation Units 35.1 + 349 319 + 33.8 0.767
Base Tumescence Activation Units 242 + 258 233 + 294 0.912
Organic erectile dysfunction# (%) 11 (55%)» 16 (70%)® 0.323

Note: Values are mean * standard deviation. p-value calculated by Students t-test or Fishers
exact test. #Organic erectile dysfunction as determined using criteria specified in section 3.2.6.
Asubset (n=20), @ Subset (n=23), Sp02= Oxygen saturation
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Table 5.1 Baseline Characteristics (continued)

Vardenafil Placebo

(n=30) (n=31) p-value
Quality of Life
Subjective Sleepiness (ESS) 104 + 46 102 + 50 0.818
Functional Outcomes of Sleep Questionnaire (FOSQ)
FOSQ - Overall score 153 + 2.8 155 £+ 35 0.873
FOSQ - Activity 31 £+ 0.6 31 + 0.8 0.646
FOSQ - Vigilance 32 + 05 31 + 06 0.781
FOSQ - Intimacy 26 + 0.9 26 + 1.0 0.985
FOSQ - General Productivity 35 + 05 34 + 06 0.689
FOSQ - Social Outcome 35 + 07 36 £+ 08 0.557
Depression Anxiety Stress Scale (DASS)
DASS - Depression 95 + 93 9.2 + 85 0916
DASS - Anxiety 59 + 47 77 + 6.6 0.213
DASS - Stress 133 + 7.2 123 + 7.7 0.581
Short Form 36 (SF-36)
SF-36 - Physical Function 76.7 + 157 67.7 * 29.5 0.148
SF-36 - Role - Physical 76.7 + 275 669 + 379 0.263
SF-36 - Body Pain 75.0 + 19.6 727 + 235 0.677
SF-36 - General Health 630 + 208 601 + 174 0.551
SF-36 - Vitality 495 + 222 539 + 214 0.437
SF-36 - Social Function 818 + 229 78.0 + 28.0 0.565
SF-36 - Role Emotional 70.0 + 343 689 = 37.1 0.903
SF-36 - Mental Health 729 + 186 705 = 184 0.602
SF-36 - Reported Health 673 + 149 655 + 204 0.694
SF-36 - Mental Health Dimension 749 + 213 737 + 23.3 0.836

Note: Values are mean + standard deviation. p-value calculated by Students t-test . ESS =
Epworth Sleepiness Score.
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5.4.1 Sleep and breathing

Despite randomization, at baseline, there was a difference in sleep duration, and thus sleep
efficiency, by more than 40 minutes between the Vardenafil and placebo groups, however
as this was not a primary endpoint, this was not considered detrimental to the analysis.
There was no difference in the change of any sleep or breathing parameters between
Vardenafil and placebo overall. Half of the study population was allocated to CPAP
treatment, who should be effectively treated for their sleep disordered breathing. The
other half who received sham CPAP thus had untreated sleep apnoea. In this group of
participants (allocated to sham CPAP) there was no difference at baseline between the
Vardenafil and placebo groups in regard to sleep and breathing parameters. When
measured at 12 weeks, Vardenafil did not change any parameter of sleep or sleep
disordered breathing including total sleep time, REM sleep duration, AHI or ODI between

baseline and Week 12 (table 5.2).
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Table 5.2 Effect of Vardenafil on sleep disordered breathing

Vardenafil (n=14)

Placebo (n=16)

Difference between

Baseline Week 12 p-value Baseline Week 12 p-value groups (95% Cl) p-value

TST (minutes) 3653 + 53.0 375.6 * 785 0.694 300.3 + 1111 3294 + 689 0.432 -2.2 (-48.4t044.1) 0.923
REM (% of TST) 15.7 + 90 157 + 8.0 0.990 16.6 + 6.9 198 * 9.0 0.306 -0.5 (-6.3t05.3) 0.863
Arousal Index 39.3 + 244 425 + 296 0.768 29.2 + 12.8 340 + 15.7 0.385 -85 (-24.4t07.3) 0.274
AHI 47.1 + 245 46.7 + 31.1 0.969 41.0 + 25.8 382 + 2311 0.767 -8.5 (-25.9t08.8) 0.317
NREM AHI 47.1 + 269 46.6 + 33.8 0.967 42.3 t 26.6 36.8 + 244 0.586 -1.4 (-20.3to0 17.5) 0.882
REM AHI 47.5 + 221 486 +21.0 0.905 43.1 t+ 30.6 42,2 + 315 0.943 -8.8 (-22.8t05.2) 0.203
Minimum Sp0O2 71.1 + 113 749 £+ 105 0.390 77.9 + 10.5 79.8 + 6.0 0.570 29 (-5.6to011.4) 0.487
Time Sp02

below 90% 15.8 + 193 151 + 15.0 0.917 10.3 + 89 8.1 + 71 0.481 -4.8 (-24.2to0 14.6) 0.611
(min)

ODI 47.5 + 277 494 + 320 0.874 41.6 + 28.3 37.8 + 243 0.714 -0.2 (-9.7t09.2) 0.958

Note: Only those participants allocated to sham CPAP (ie, untreated OSA) are presented here. Values are mean * SD. TST = Total Sleep Time,
REM = Rapid Eye Movement Sleep, AHI = Apnoea Hypopnea Index, ODI = Oxygen Desaturation (3%) Index, SpO2=0xygen saturation,

min=minutes. p-value determined by students t-test.
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5.4.2 Subjective Sexual functioning
At baseline, of the 61 study participants, 11.4% had mild ED (IIEF-ED score 22-25), 21.3% had

mild-moderate ED (IIEF-ED score 17-21), 26.2% had moderate ED (l/IEF-ED score 11-16) and 41%

had severe ED (IIEF-ED score 6-10) [430, 544].

Vardenafil, compared to placebo, improved the overall score of the International Index of
Erectile Function (IIEF) at the Week 8 timepoint by 11 points (p=0.024). An increase was seen at
Week 4 and Week 12 by 10 and 8 points respectively but this did not reach statistical
significance over placebo (p=0.09 and p=0.07 respectively) (Table 5.3 and Figure 5.2).
Contributing to this overall improvement at week 8 was the improvement seen in the erectile
function and intercourse satisfaction domains; however no improvements were seen in the
domains of orgasmic function, overall satisfaction, and sexual desire. Increases in the IIEF-ED
domain by more than 4 points are considered clinically meaningful [545] which were seen at
weeks 4 & 8 (5.3+6.7 and 5.4+7.5 points respectively), while there was only a borderline
improvement at week 12 (increase by 4.0+7.7 points) which was not statistically different than
placebo. At week 12, 25% of those allocated to Vardenafil reported normal erectile function,
compared to 7% of those allocated to placebo, which when analysed using Fishers exact test,
was not different (figure 5.3). At Week 12, there were no differences in any domain, or the

overall score of the IIEF between Vardenafil and placebo.

Significant improvements were seen with Vardenafil compared to placebo in the European
Male Aging Study questionnaire (table 5.4). At all timepoints there was a reduction in distress
caused by sexual dysfunction, and there was also consistent improvement in the domain
related to change in sexual function throughout the study (figure 5.4). No changes were seen in

the overall score, or the domains of overall sexual function or masturbation.
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Vardenafil improved the overall score in the Self Esteem and Relationship Satisfaction
guestionnaire at week 4 and week 12. At week 4, there was an improvement in the Sexual
Relationship Satisfaction domain with Vardenafil compared to placebo (figure 5.4). No other
improvements in other domains were seen (table 5.4). Stratification into initial severity groups

on the basis of IIEF-ED domain did not show any group to respond to Vardenafil moreso than

placebo in any domain measured.
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Table 5.3 Effect of Vardenafil on Sexual Function: International Index of Erectile Function

Vardenafil Placebo Difference Effect  p-value
Variable Visit (n=30) (n=31) Mean (95% Cl) size (d)

International Index of Erectile Function (lIEF)

Overall Week 4 4439 + 19.15 37.04 + 18.01 7.36 (-2.71t017.42) 0.46 0.088

Score Week 8 45.04 + 19.76 3492 + 18.84 10.12 (-0.64t020.87) 0.63 0.024

Week 12 42.89 + 2191 3426 + 1823 8.63 (-2.29to 19.56) 0.53 0.067

Erectile Week 4 18.14 + 8.84 1356 + 8.54 459 (-0.12t09.29) 0.61 0.038

Function Week 8 18.12 + 9.50 1285 + 8.73 5.27 (0.19t010.35) 0.70 0.024

Week 12 17.11 £+ 9.92 12,59 + 8.56 451 (-0.50t09.53) 0.60 0.069

Intercourse  Week 4 7.43 + 469 5.89 + 4.52 1.54 (-0.93 to 4.00) 0.39 0.194

Satisfaction Week 8 8.31 + 4.43 5.26 + 4.80 3.05 (0.50to0 5.60) 0.78 0.010

Week 12 7.46 + 4.82 5.26 + 4.85 2.21 (-0.41t04.82) 0.56 0.100

Orgasmic Week 4 6.75 + 3.47 6.26 + 3.68 0.49 (-1.44t02.42) 0.14 0.636

Function Week 8 6.35 + 3.57 6.00 + 3.59 0.35 (-1.63t02.32) 0.10 0.537

Week 12 6.18 + 3.72 5.37 + 3.63 0.81 (-1.18t0 2.80) 0.24 0.291

Overall Week 4 5.46 + 2.52 4.78 + 2.17 0.69 (-0.591to0 1.96) 0.31 0.116

Satisfaction Week 8 5.81 + 2.64 4.74 + 249 1.07 (-0.351t02.48) 0.48 0.061

Week 12 5.82 + 3.16 4.78 + 2.12 1.04 (-0.421to02.51) 0.47 0.074

Sexual Week 4 6.61 + 191 6.33 + 1.94 0.27 (-0.77 t0 1.32) 0.14 0.296

Desire Week 8 6.46 + 1.86 6.07 + 2.16 0.39 (-0.73to01.50) 0.19 0.124

Week 12 6.32 + 2.06 6.26 + 243 0.06 (-1.15t01.28) 0.03 0.381

Note: Values are mean

Change International Index of Erectile Function Overall
Score

+ standard deviation. * p-value calculated by mixed model analysis.
Effect size (Cohen’s d) calculated by dividing difference between CPAP and sham by the standard
deviation at baseline.

Change IIEF Erectile Function Domain

8.04 B

T
Baseline

Figure 5.2 Effect of Vardenafil on erectile function over time
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Note: (A) IIEF Overall Score, (B) IIEF Erectile Function domain. Values shown are change from baseline means
plus standard error. *p<0.05 as calculated by mixed model analysis. Arrows indicate direction of
improvement.

ENo ED

i Mild

H Mild-Moderate 56
H Moderate

i Severe

Baseline Vardenafil Placebo
(n=61) Week 12 Week 12
(n=28) (n=27)

Figure 5.3 Distribution of Erectile Dysfunction Categories

Note: ED category defined by IIEF ED scores: No ED: >26; Mild ED: 22-26; Mild-Moderate ED: 17-21;
Moderate ED:11-16; Severe ED: 6-10 [430]. Number displayed is percentage of participants at each
visit.
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Table 5.4 Effect of Vardenafil on Sexual function and Relationship: EMAS & SERS

Effect
Vardenafil Placebo Difference size
Variable Visit (n=30) (n=31) Mean (95% Cl) (d) p-value
European Male Aging Study questionnaire (EMAS)
Overall Score Week 4 36.04 + 8.96 3183 + 8.61 4.21 (-0.77 t09.19) 0.55 0.052
Week 8 36.84 + 7.20 3464 + 8.17 2.20 (-2.18t06.58) 0.29 0.423
Week 12 37.52 + 7.16 33.15 + 8.78 4.36 (-0.05to 8.78) 0.57 0.060
Sexual Week 4 736 + 5.19 856 + 4093 -1.20 (-3.94 to 1.54) -0.24 0.004
Function Week 8 738 + 6.54 993 + 5.25 -2.54 (-5.81t00.72) -0.51 <0.001
Distress Week 12 6.89 + 5.88 823 + 5.32 -1.34 (-4.41to0 1.73) -0.27 0.007
Change in Week 4 0.48 + 4.90 -3.68 + 3.52 4.16 (1.891t06.43) 1.29 0.001
Sexual Week 8 0.04 + 455 -2.81 + 4.60 2.85 (0.35to05.35) 0.89 0.013
Function Week12 0.68 + 4.55 -293 + 343 3.60 (1.42to05.79) 1.12 0.005
Overall Week 4 17.21 + 6.37 15,60 + 5.83 1.61 (-1.75t04.96) 0.27 0.299
Sexual Week 8 17.85 + 6.14 16.68 + 5.74 1.17 (-2.18 to 4.51) 0.20 0.249
Function Week 12 18.85 + 6.82 16.42 + 6.33 2.43 (-1.20t0 6.06) 0.41 0.089
Masturbation Week 4 232 + 1.59 230 + 1.61 0.03 (-0.84 10 0.89) 0.01 0.826
Week 8 219 + 164 250 + 1.79 -0.31 (-1.26t0 0.63) -0.18 0.622
Week12 211 + 145 258 + 1.98 -0.47 (-1.41t00.47) -0.28 0.322
Self-Esteem and Relationship Satisfaction (SERS)
Overall Week 4 44,04 + 1453 3938 + 9.72 465 (-2.15to11.45) 0.41 0.029
Score Week 8 44,08 + 1423 40.88 + 1145 3.20 (-4.18t010.58) 0.28 0.235
Week 12 4656 + 1491 4081 + 11.75 575 (-1.67to13.17) 0.50 0.040
Sexual Week 4 23.50 + 8.95 19.04 + 5.95 4.46 (0.34108.59) 0.60 0.025
Relationship Week 8 22.88 + 9.05 19.81 + 7.60 3.08 (-1.58t07.73) 0.41 0.273
Satisfaction Week 12 2456 + 9.77 19.89 + 7.67 4.67 (-0.13t09.46) 0.63  0.055
Confidence Week 4 20.54 + 6.52 2012 + 5.14 0.42 (-2.801t0 3.64) 0.08 0.146
Week 8 2119 + 6.22 20.72 + 5.10 0.47 (-2.73t03.68) 0.09 0.301
Week 12 22.00 + 6.66 20.62 + 531 1.38 (-1.95t04.71) 0.25 0.085
Self Esteem Week 4 13.07 + 4.80 12.88 + 4.21 0.18 (-2.27 to0 2.64) 0.04 0.166
Week 8 13.56 + 4.85 13.76 + 4.06 -0.20 (-2.71to 2.30) -0.05 0.468
Week 12 14.25 + 4.90 13.23 + 4.24 1.02 (-1.49t03.53) 0.23  0.059
Overall Week 4 7.14 + 253 719 + 218 -0.04 (-1.32to0 1.24) -0.03 0.667
Relationship Week 8 731 + 248 6.96 + 2.19 0.35 (-0.97t0 1.67) 0.18 0.430
Satisfaction Week12 741 + 241 7.38 + 2.06 0.02 (-1.21to 1.26) 0.02 0.768

Note: Values are raw mean  standard deviation at each visit. p-value obtained using mixed model
analysis. Effect size (Cohen’s d) calculated by dividing difference between CPAP and sham by the
standard deviation at baseline.
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T T T
Baseline Week 4 Week 8 Week 12
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Figure 5.4 Changes from baseline, SERS and EMAS Sexual Functioning.

Note: (A) EMAS Sexual function distress (B) EMAS Change

in sexual functioning (C) Self-Esteem and

Relationship Satisfaction overall score (D) SERS Sexual Relationship satisfaction. Values are mean change

from baseline with one standard error. *p<0.05. Arrows i
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5.4.3 Sleep Related Erections
Forty three participants (70%) were agreeable to undertake nocturnal penile tumescence (NPT)

monitoring to assess sleep related erections. Of these, only 36 (59%) completed a successful
recording (>4 hours) on the baseline PSG night. Five men chose not to use the device on this
night after using the device at home the prior two nights of acclimitisation and two did not
have sufficient data on PSG night due to dislocation of the loops during sleep. At Week 12, only
28 (46%) successful recordings occurred, due to withdrawal of participants (n=5), participant
decision not to use the device at this visit (n=2) and technical difficulties (n=1). Of these, 15
were allocated to Vardenafil and 13 were on placebo. Participants who completed both
Rigiscan recordings did not differ from those who declined in terms of age, severity of ED,
sleepiness, testosterone or weight. However, those who did NPT monitoring had less severe
OSA compared to those who did not (AHI: 41.5+22.7vs 56.9%£29.9, p=0.033; Minimum SpO2:

78.5£9.0% vs 70.1+12.0, p=0.004; Oxygen Desaturation Index 37.9+25.1 vs 58.4+33.4, p=0.011).

Results for NPT monitoring are given in table 5.5. Data shown is from the night of
polysomnography. At baseline, there were no differences in any NPT parameter between the
Vardenafil or placebo groups (table 5.1). Vardenafil increased all parameters of NPT quality
(base and tip tumescence and rigidity), but not number of erections compared to placebo
(table 5.5). An example NPT recording for one participant, allocated to Vardenafil and sham,
with concurrent sleep staging and pulse oximetry at baseline and week 12, is shown in figure

5.5.

Using predefined parameters (section 3.2.6) to categorise participants into those with ED of
either organic and psychological origin, using the PSG night for those whom completed it, or

the best at-home recording for those who did not, 16 (37%) of participants were categorised
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as having ED of psychological origin. These participants did not differ from those categorised as
having organic ED in terms of age, BMI, severity of OSA or blood parameters. However, there
was a significant difference in terms of subjective ED severity, as measured by the IIEF
guestionnaire. Men who were classified as having psychological ED by the traditional criteria
had less severe subjective ED (IIEF-ED 15.8+7.4 vs 10.5+7.9, p=0.036). Of all mood and quality
of life parameters measured, only those related to mental health differed between men
classified as having psychological versus organic ED. Those men with organic ED were more
depressed (12.44+10.9 vs 5.6+4.4, p=0.022), and scored lower in the domain of mental health
(65.3+22.7 vs 80.7+12.15, p=0.016) and the mental health dimension (69.04+25.2 vs 84.3+14.1,
p=0.033) in the SF-36 questionnaire. A trend toward being more stressed (14.8+8.6 vs

10.1+4.9, p=0.054) was also noted.

Table 5.5 Effect of Vardenafil on Sleep Related Erections

Vardenafil Placebo

Baseline Week 12 Baseline Week 12 Effect  p-value

(n=17) (n=15) (n=20) (n=13) size (d)
Number of
Erections 3.00 + 2.09 340 + 2.10 224 + 210 323 + 213 0.08  0.495
Tip RAU 25.18 + 2260 58.87 + 5805 2295 + 2619 31.77 + 31.85 1.12  0.010
Tip TAU 20.18 + 17.84 4847 + 4857 19.10 + 21.10 19.23 + 1848 151  0.010
Base RAU 49.00 + 63.74 8273 + 6679 31.85 + 29.08 4023 + 3534 0.88 0.003
Base TAU 30.53 + 31.33 63.87 + 6529 3130 + 4186 2354 + 2394 1.09 0.010

Note: Values given are mean * standard deviation. *p-value obtained using mixed model analysis,
RAU = Rigidity Activity Units, TAU = Tumescence Activity Units. Effect size (Cohen’s d) calculated by
dividing difference between CPAP and sham by the standard deviation of all participants at baseline.
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Figure 5.5 Sleep staging, pulse oximetry and NPT for a patient allocated to Vardenafil.

NOTE: (A) Baseline recording with no treatment. Several erectile episodes are seen mostly
during REM sleep. (B) Recording at Week 12 using Vardenafil. The number of episodes has not
changed, however the total duration and quality has increased. Sa02 = Oxygen saturation
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5.4.4 Hormonal Analysis
At study commencement, testosterone levels were borderline low (10.2+3.7 nmol/L). Those

allocated to Vardenafil had a minor increase in testosterone levels from baseline to Week 12
(12.3+3.0, p=0.023) although this was no different than the change with placebo (11.1+4.5,
p=0.384). There was no change in luteinizing hormone, follicular stimulating hormone, or
thyroid stimulating hormone.

5.4.5 Quality of Life

Very little change was found with Vardenafil on quality of life compared to placebo. There was
no change in levels of sleepiness in the ESS, anxiety or stress in the DASS questionnaire or any
parameter in the FOSQ questionnaire (Table 5.6). Only at week 8 were two domains improved
with Vardenafil compared to placebo, firstly the SF-36 domain of vitality (p=0.01) and secondly,
the depression domain in the DASS questionnaire, due to a worsening of depression with

placebo (p=0.01).
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Table 5.6 Effect of Vardenafil on quality of life

Vardenafil Placebo Difference Effect
Variable Visit (n=30) (n=31) Mean (95% Cl) size (d) p-value
Epworth Week 4 9.1 + 54 89 + 53 03 (-2.6t03.1) 0.04 0.663
Sleepiness  Week 8 93 + 53 85 + 5.0 0.8 (-2.1to3.6) 0.17 0.516
Score Week 12 80 £ 46 85 + 51 -0.5 (-3.1t02.2) -0.10 0.625
Functional Outcomes of Sleep (FOSQ)
Overall Week 4 97.4 t 14.2 97.0 + 146 04 (-7.5t08.2) 0.02 0.813
Score Week 8 98.4 t 16.2 973 + 15.0 1.1 (-7.5t09.7) 0.06 0.628
Week 12 985 *+ 175 979 + 17.2 0.6 (9.2to10.4) 0.03 0.706
Activity Week 4 34 + 04 33 + 06 00 (-03t003) 0.14 0.675
Week 8 34 + 05 34 = 0.6 0.0 (-0.3t00.3) 0.00 0.911
Week 12 34 = 0.6 34 + 0.7 -0.1 (-0.4t00.3) 0.00 0.611
Vigilance Week 4 33 + 0.7 33 + 0.6 0.0 (-0.4t00.4) 0.00 0.408
Week 8 34 + 0.6 34 + 0.6 0.0 (-0.3t00.3) 0.00 1.000
Week 12 33 £+ 0.8 33 =+ 0.8 0.0 (-0.4to00.4) 0.00 0.941
Intimacy Week 4 30 £+ 01 30 + 0.6 0.0 (-0.4t00.5) 0.00 0.657
Week 8 3.1 + 0.8 32 + 09 -0.1 (-0.6t00.3) -0.11 0.653
Week 12 32 + 0.8 30 + 11 0.2 (-0.6t00.7) 0.22 0.525
Productivity Week 4 36 + 04 36 + 05 0.0 (-0.3t00.2) 0.00 0.889
Week 8 36 + 04 3.7 =+ 04 -0.1 (-0.3t00.2) -0.18 0.828
Week 12 35 £ 0.6 3.6 + 05 -0.1 (-0.4t00.3) -0.18 0.888
Social Week 4 3.7 + 0.6 3.8 + 05 0.1 (-0.4t00.2) -0.13 0.756
Outcomes  Week 8 38 £+ 04 39 + 04 0.1 (-0.3t00.2) -0.13 0.778
Week 12 36 £ 0.6 3.7 = 0.7 0.0 (-0.4t00.3) -0.13 0.794
Depression Anxiety Stress Scale (DASS)
Depression Week 4 6.6 = 93 85 + 10.4 -19 (-7.1 to3.4) -0.22 0.105
Week 8 6.4 + 10.0 9.0 + 11.0 -2.7 (-84 to3.1) -0.29 0.006
Week 12 6.8 + 9.0 7.7 += 101 -0.9 (-6.1t04.3) -0.10 0.066
Anxiety Week 4 3.8 + 39 64 + 59 -2.6 (-5.3t00.0) -0.45 0.272
Week 8 33 + 38 80 + 7.7 -4.7 (-8.1to-1.4) -0.82 0.167
Week 12 27 = 36 6.0 + 69 -3.3 (-6.3t0-0.3) -0.57 0.745
Stress Week 4 9.4 + 7.7 104 + 9.1 -1.0 (-5.4t03.5) -0.14 0.255
Week 8 9.1 + 8.7 11.3 + 104 -2.2 (-7.4t03.1) -0.30 0.197
Week 12 99 + 8.0 11.0 + 11.2 -1.1 (-6.4t04.2) -0.15 0.388

Note: Values are raw means * standard deviation. p-value determined using mixed model analysis.
Effect size (Cohen’s d) calculated by dividing difference between CPAP and sham by the standard
deviation at baseline.

(Continued over)
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Table 5.6 Effects of Vardenafil on quality of life (continued)

Vardenafil Placebo Difference Effect p-value
Variable Visit (n=30) (n=31) Mean (95% Cl) size (d)

Short-form 36 (SF-36)

Physical Week 4 795 + 19.8 73.2 + 27.3 6.3 (-6.5t019.2) 0.26 0.694

Function Week 8 82.1 + 21.1 79.4 £ 24.2 2.7 (-9.9to0 15.2) 0.11 0.823

Week 12 823 + 15.2 82.4 t 223 -0.1 (-10.4to010.2) 0.00 0.365

Role Week 4 74.2 + 304 669 + 379 7.2 (-10.4to 24.9) 0.21 0.497

Physical Week 8 759 + 29.5 669 + 379 8.9 (-8.7t026.6) 0.26 0.359

Week 12 759 + 295 66.9 + 379 8.9 (-8.6t026.4) 0.26 0.632

Body Pain Week 4 742 + 219 70.8 * 29.2 3.4 (-10.3 t017.0) 0.16 0.773

Week 8 740 + 22.7 69.0 + 27.1 5.0 (-8.6t018.7) 0.23 0.421

Week 12 755 + 20.1 75.8 * 26.6 -0.3 (-13.0to 12.4) -0.01 0.794

General Week 4 68.1 + 19.9 58.6 * 26.0 9.5 (-2.9t021.9) 0.50 0.447

Health Week 8 71.0 £ 194 66.1 + 249 49 (-7.3t017.1) 0.26 0.588

Week 12 67.7 + 20.7 67.2 + 243 0.5 (-11.7to012.7) 0.03 0.128

Vitality Week 4 593 + 219 564 + 21.7 2.9 (-8.7t014.5) 0.13 0.187

Week 8 63.3 + 16.8 56.5 + 24.7 6.9 (-4.7t018.4) 0.31 0.013

Week 12 61.6 + 204 59.6 * 23.6 2.0 (-10.0to013.9) 0.09 0.157

Social Week 4 81.2 + 237 73.4 * 26.1 7.8 (-5.4t021.0) 0.31 0.367

Function Week 8 84.8 + 20.8 79.8 + 26.8 5.0 (-8.1t018.1) 0.20 0.518

Week 12 845 + 20.8 79.2 + 259 5.3 (-7.4t018.0) 0.21 0.521

Role Week 4 79.8 + 356 69.2 + 40.3 10.6 (-9.9to031.1) 0.30 0.275

Emotional Week 8 815 + 325 70.4 * 39.6 11.1 (-8.7to0 30.9) 0.31 0.335

Week 12 714 + 349 729 + 37.0 -1.5 (-21.0to0 18.0) -0.04 0.658

Mental Week 4 76.3 + 19.7 69.3 + 20.3 7.0 (-3.8t017.8) 0.38 0.197

Health Week 8 78.1 + 18.7 71.0 = 22.2 7.1 (-4.1to018.3) 0.39 0.271

Scale Week 12 783 + 19.8 741 = 213 4.2 (-6.9t015.3) 0.23 0.745

Physical Week 4 719 + 17.1 67.2 + 223 4.7 (-6.2t015.5) 0.26 0.275

Health Week 8 73.2 + 17.1 67.6 + 25.1 5.7 (-6.3t017.7) 0.32 0.215

Week 12 73.8 + 149 71.8 * 23.7 2.0 (-8.6t012.7) 0.10 0.696

Mental Week 4 80.3 + 22.0 71.8 £ 255 8.6 (-4.4t021.6) 0.38 0.204

Health Week 8 81.4 + 19.0 73.7 + 24.3 7.7 (-4.2t019.7) 0.35 0.330

Dimension  Week 12 780 + 238 75.4 + 255 2.6 (-10.8to 15.9) 0.12 0.959

Note: Values are raw means * standard deviation. p-value determined using mixed model analysis.
Effect size (Cohen’s d) calculated by dividing difference between CPAP and sham by the standard
deviation at baseline.
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5.4.6 Adherence to medication
Medication adherence, defined as the proportion of tablets taken over a given period was

assessed. Despite requests, not all participants returned unused tablets at each visit.
Although 30 participants were allocated to Vardenafil, data is only available for 21 as 8
participants did not return medication bottles, and 1 withdrew before treatment commenced.
For placebo, data is only available for 24 participants as 5 did not return medication bottles,

data was missing for 2 participants and 2 withdrew before treatment commenced.

On the basis of those for whom data was available, medication adherence was not different
between Vardenafil (84.0%) and placebo (84.5%) (p=0.915). Adherence to medication, defined
as taking 80% or more prescribed tablets was achieved by 71% of those taking Vardenafil, and
75% of those taking placebo (p=0.999).

5.4.7 Treatment Satisfaction

At Weeks 4, 8 and 12, participants were asked about their satisfaction with treatment as it
referred to erectile function using the Erectile Dysfunction Inventory of Treatment Score
(EDITS). All items on the EDITS were scored from zero (no satisfaction or dissatisfaction) to four
(high satisfaction). The mean satisfaction score for each patient was calculated. Each mean
score was multiplied by 25 giving a range between 0 (extremely low treatment satisfaction) to
100 (extremely high treatment satisfaction). At all timepoints, those who received Vardenafil

were more satisfied overall than those who received placebo (table 5.7).

A score of over 50 in the Erectile Dysfunction Inventory of Treatment Score (EDITS) is
considered to represent satisfaction with treatment [525]. Figure 5.6 shows the percentage of

participants satisfied with treatment for Vardenafil versus placebo. Only at Week 4 was there a
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significant difference (p=0.0001) in the number of participants considered to be satisfied with

treatment with Vardenafil over placebo.

Table 5.7: Treatment Satisfaction Score for Vardenafil

Vardenafil Placebo

(n=28) (n=27) p-value
Week 4 724 + 153 46.3 + 217 <0.001
Week 8 67.2 + 215 51.0 + 224 0.007
Week 12 705 + 19.9 50.4 + 238 0.004

Note: Values are mean * standard deviation. p-value determined using mixed model analysis
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H Placebo (n=27)

Figure 5.6: Percentage of participants satisfied with treatment for erectile function

Note: Treatment satisfaction defined as a score of more than 50 in the EDITS questionnaire.
*p<0.05 determined using Fishers exact test.
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5.5 DISCUSSION

This is the first randomised controlled trial to study the effects of daily low dose Vardenafil in
men with OSA and ED on subjective sexual function, sleep related erections, and quality of life.
We have studied 61 men with severe OSA and moderate ED. At Week 12, Vardenafil did not
improve subjective erectile function more so than placebo, however, it did improve nocturnal
erections, as well as self-confidence, reduced distress due to erectile dysfunction, and there
was a higher degree of satisfaction, although there was no difference in the number of men
satisfied with Vardenafil compared to placebo. There were very minimal improvements in
mood and quality of life with Vardenafil.

5.5.1 Effect of Vardenafil on OSA

The current study provided an opportunity to investigate the effect of a lower daily dose
(10mg) of Vardenafil on breathing during sleep in untreated OSA by assessing the effect in
those allocated to sham CPAP, that is, those who were untreated for their sleep apnoea.
Unlike that of a previous study using an on-demand 50mg dose of Sildenafil [464], daily dose
10mg Vardenafil did not show any worsening of OSA in terms of AHI, ODI, minimum oxygen
saturation, nor time with oxygen levels below 90%, compared to placebo. This difference may
also be due to a different PDE-5 inhibitor, or a lower dose, both of which may reduce unwanted
side effects in regards to unintentional upper airway muscle relaxation or other sleep apnoea-
worsening effects.

5.5.2 Subjective Erectile Function

The present study is the first to investigate the efficacy of low dose daily Vardenafil on
subjective erectile function, specifically in patients with OSA. A low daily dose was used rather
than a higher dose on-demand in an effort to obtain efficacy without the risk of worsening OSA.

In a previous study of men with OSA status not reported, a 12 week daily dose 10mg versus on-
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demand 10mg use of Vardenafil showed no difference between the two in regards to
treatment efficacy [119]. However, another study showed a reduced efficacy with daily dosage
over on-demand administration of Vardenafil in men with after a prostatectomy [120]. This
difference may be due to differing patient groups. The first study recruited patients with ED of
unspecified cause; the other studied all patients undergoing prostatectomy who previously had
normal erectile function. The former more closely matches the present study population. In
this OSA population, 12 weeks of a daily dose of 10mg Vardenafil did not improve subjective
erectile function compared to placebo. These results support those found in a previous study of
Sildenafil on-demand in men with OSA in which the efficacy was found to be reduced in men
with OSA compared to other populations studied [485]. Potentially, the presence of OSA may
limit the efficacy of Vardenafil. One potential mechanism to explain this may be due to
repetitive hypoxic episodes which may limit the amount of circulating nitric oxide, which is
imperative to dilate vessels for erections to occur. Another may be due to the presence of
psychological factors, such as depression, due to untreated OSA, influencing erectile function,

which Vardenafil does not overcome.

The majority of studies of PDE-5 inhibitor efficacy have mostly been conducted in non-OSA
populations. A meta-analysis of 9 non-OSA studies, comprising 6809 participants, found
overall, an increase of 6.2 points in the IIEF-ED domain with at least 12 weeks of Vardenafil. In
the present study, at the end of the first and second months of treatment, Vardenafil improved
erectile function compared to placebo by 5.4 and 5.3 points in the IIEF-ED domain respectively.
However, the increase at study endpoint was 4.0 points, which was not statistically different

from placebo. However, an increase of 4 points is considered clinically meaningful [412]. No
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other study has reported a decline in responsiveness to Vardenafil or any other PDE-5 inhibitor

over time; however, such regular assessments in the first 3 months have not been reported.

The majority of previous studies have been performed using Vardenafil in an on-demand
administration regime, rather than daily dose [571-573]. In previous studies, in men with OSA
status undefined, the first multicentre randomised controlled trial in 580 patients using
differing doses of Vardenafil on-demand showed an improvement of 8.8 points in the ED
domain when 10mg was used [571]. None of these patients had diabetes and overall had less
severe ED, were younger and thinner than the present study. In a follow up study, a large
multisite randomised controlled study of 760 patients, again using differing dosages of
Vardenafil on-demand, the patient population was similar to that of the current study in terms
of ED severity, age, proportion of patients with diabetes, hypertension, but were slightly less
overweight (BMI 28.8 vs 32.9kg/m?) than the current study [572], but the status of OSA was
unknown and not listed as an exclusion criteria. In this latter study, the IIEF-ED domain
increased by 7.2 points with 10mg Vardenafil used on demand. The current study, using the
same dosage, but more often, was only able to increase IIEF-ED domain by 4.4 points,

suggesting there may be some inhibitory factor reducing efficacy in OSA patients.

In the current study, only 44% of men of men allocated to Vardenafil (and sham CPAP, that is,
being untreated for OSA) reported an improvement in ED, as measured by an increase by more
than 4 points in the IIEF-ED domain. This supports the results of the only other study
investigating the effects of PDE-5 inhibitors in men with OSA, in which only 44% of men had an
improvement in erectile function with 20mg Vardenafil [431]. Similarly, a meta-analysis of 15
studies showed that Vardenafil on-demand was found to improve erections in 77% of men

(with OSA status undefined) compared to 27% of those on placebo [121]. A return to normal
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erectile function, that is, an IIEF-ED score of greater than 26, was achieved by only 25% of those
randomised to Vardenafil in the current study, compared to 7% of those allocated to placebo.
Stratification by baseline ED severity did not show any differences with response to Vardenafil,
perhaps due to insufficient power to detect such a change. In a study of a non-OSA population,
6 months of Vardenafil 10mg on-demand was sufficient for 43% of men to return to a normal
level of erectile function (compared to 12.6% with placebo), with severity of baseline ED
significantly influencing this rate (89% for those with mild ED down to 25% of those with severe

ED).

The effect of Vardenafil on sexual function in the presence of other medical conditions has
previously been explored in a small number of studies. A prospective study investigating the
effects of Vardenafil after nerve sparing prostatectomy, recruited 440 men with ED of similar
age to that of the current study to take part in a dose comparison study [574]. In those
allocated to take 10mg on-demand, an improvement in ED by 6 points in the IIEF-ED domain
was seen. In a study of men with diabetes and ED, those allocated to 10mg Vardenafil on-
demand also found an improvement in IIEF-ED of 6 points [573]. The population in this study all
had diabetes and more severe ED than the current study, though they were of a similar age and
BMI. The presence or absence of OSA was not reported, or excluded. The current study found
less efficacy, with an improvement by 4-5 points in the IIEF-ED domain. The reasons for this
discrepancy may be due to a difference in ED severity, or that OSA may inhibit the efficacy of
this medication through exposure to repetitive intermittent hypoxia, or an on-demand regime

may be more effective in this population.
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5.5.3 Sleep Related Erections
Although subjective erectile function did not improve, significant improvements in objectively

measured sleep related erections (SRE’s) were seen with Vardenafil compared to placebo in
this OSA population. In two previous studies of young healthy men with normal erectile
function, a dose of 100mg of Sildenafil increased SRE parameters as measured by Rigiscan [130,
131]. Additionally, in a study of men with ED, 100mg of Sildenafil at bedtime also improved
SRE’s in terms of Rigiscan tumescence activity units (TAU) and rigidity activity units (RAU) at
both the base and the tip of the penis, without an increase in the number of episodes during
sleep [569]. The current study mirrors these results. A study conducted in 1996, soon after the
measurement units RAU and TAU were included in the assessment software, concluded that tip
TAU was the best overall measurement correlating with the diagnosis of erectile dysfunction,
closely followed by both base TAU and RAU [575]. In those allocated to Vardenafil, the current
study found improvements in all four parameters, suggesting that Vardenafil is effective in
improving nocturnal erections in the presence of obstructive sleep apnoea. Normative values
are not available for sleep related erections, which may have provided some insight into the
extent of improvements with Vardenafil, given the finding that Vardenafil increases the
tumescence and rigidity of sleep related erections in young healthy men without ED, as well as
in older men with OSA with ED. Despite this increase in SRE’s, this did not translate to an
improvement in subjective functioning, suggesting there may be another factor involved. The
small numbers of participants monitored limit the interpretation of this result, which warrants
further investigation.

5.5.4 Quality of Life

Several studies have shown that ED can have a negative impact on quality of life [530, 531, 558]

however, many of the major studies in the efficacy of Vardenafil on erectile function do not
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report on this aspect [119, 132, 571, 572]. In the current study of men with OSA, the only
improvement in quality of life parameters seen was that of the domain of Vitality at the week 8
time point, but this was no longer different at week 12. The change seen was an improvement
between 9.5-13.5 points with Vardenafil at the different time points (compared to placebo 2.5-
5.5) which, using a definition of 7.5 as being clinically meaningful [576], suggests that the use of
Vardenafil treatment in those with ED in OSA can improve quality of life in terms of Vitality.
This supports the findings of a study in 121 Spanish men with ED, in which 12 weeks of flexible
dose Vardenafil (administration method not described) improved the SF-36 domain of Vitality
compared to placebo, but no other domain [577]. The domain of Vitality has been shown in
several clinical trials to be sensitive to treatment effects in areas such as hypertension, AIDS
and prostate disease, with a 5 point reduction associated with a significant risk of social
consequences such as being unable to work and hospitalisation [576]. Unlike the present
study, an uncontrolled study in 40 Japanese men with ED, but otherwise healthy, at least one
month of on-demand Sildenafil showed improvements from baseline in physical function,
general health and role emotional domains however there was no control group, making

interpretation difficult [578].

The majority of studies assessing the effect of PDE-5 inhibitors on quality of life have been in
disease specific populations, with effects dependent upon the disease studied. In a randomised
controlled study of male and female subjects (n=42) with tinnitus, 12 weeks of twice daily
Vardenafil did not improve tinnitus levels, nor any domain of the SF-36 compared to placebo
[579]. The use of Sildenafil in patients with pulmonary arterial hypertension has been shown
to improve the domains of physical functioning, general health and vitality in the SF-36

compared to placebo, which was attributed to a greater exercise capacity due to Vardenafil by
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the correlation with improvements in the 6-minute walk test [580, 581]. A study of patients
with benign prostatic hyperplasia had an improved quality of life due to Vardenafil, compared
to placebo, which may be due to its effect on lower urinary tract symptoms [582]. In an
uncontrolled study of hemodialysis patients with ED, improvements in the two domains of
physical and mental components of the SF-36 have been noted with 4 weeks of open label
10mg on-demand Vardenafil [583]. Unlike these studies, Vardenafil does not appear to
improve other non-erectile dysfunction facets of OSA, and as such, does not improve quality of
life.

5.5.5 Treatment Satisfaction

Although the overall score regards treatment satisfaction was higher with Vardenafil compared
to placebo, there was no difference between Vardenafil and placebo in the number of
individuals who found the treatment satisfactory. This suggests there was individual variability
regards to treatment response. Only 70% were satisfied with Vardenafil, compared to 48% of
placebo. This result, however, should be interpreted within the context of CPAP treatment also
being concurrently used. There was no distinction made when the questionnaire was asked, as
to which treatment (CPAP or Vardenafil) the questionnaire referred. Treatment satisfaction

was similar (75% vs 48%) when CPAP and sham CPAP was compared.

A recent large (n=7496) multicentre study of 12 months duration reported that 95% of
participants were satisfied with the efficacy of Vardenafil [584]. This study used a variety of
doses of Vardenafil, titrated for each patient, with the most common dose (66%) being 20mg.
There is no detail regarding if administration regime was on demand or daily. Potentially, this
study may differ from the current study, since the dosage was customised to each patient,

whereas this study was a standard dose. Given the higher BMI in this study, 10mg may not be
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sufficient. A larger (n=73,946), older non-placebo controlled study, also found more than 90%
of participants satisfied with Vardenafil [585]. The current study did not show such high
satisfaction rates, which may be due to dilution by the influence of CPAP/sham CPAP or dosage.
Given the lack of subjective improvement with Vardenafil, however, this level of treatment
satisfaction may well be representative despite these differences.

5.5.6 Strengths and Limitations

This is the first placebo controlled study assessing the efficacy of daily dose Vardenafil in men
with OSA and ED. Placebo control is imperative in this area of research, given the subjective
nature of the reporting of sexual function. Additionally, the addition of the objective measure
of erectile function, nocturnal penile tumescence, provides an insight into the physiological
aspects of erectile function, which is often not measured in clinical trials. A limitation of the
study, however, is low patient numbers. More participants may have revealed more
information, and provided sufficient power to investigate more sub-analyses to further

understand the influence of psychological factors and initial ED severity.
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5.6 CONCLUSION
This study showed that 10mg daily Vardenafil did not worsen sleep disordered breathing. An

improvement in sleep related erections occurred, however, this did not translate to an
improvement in subjective erectile function in this group of men with OSA and ED. The
physiological basis of sleep related erections is not completely understood, however, they may
act to prevent fibrosis in the corpora cavernosa. Vardenafil improved these erections, which
may act to maintain erectile capacity. The efficacy of Vardenafil in men with OSA appears to be
less effective than in that of the general population, the cause of which is unknown but may be
due to repetitive hypoxia limiting nitric oxide, or psychological factors. Clinically meaningful
improvements may occur with Vardenafil use; however, this is not statistically different than
placebo. Although distress caused by erectile dysfunction was alleviated by 10mg Vardenafil in
this population, quality of life, overall, was not improved. A low daily dose of Vardenafil may
be of clinical benefit to some patients with OSA and ED, and can be used without risk of

worsening sleep disordered breathing.
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6. Overall Conclusions

OSA and erectile dysfunction are frequently associated with each other. Currently, there is no
high level evidence to inform decisions on how best to treat men with OSA and erectile
dysfunction. This thesis investigated the relationship between the triad of OSA, sexual function,

and testosterone using two randomised controlled trials.

The first randomised controlled trial of compared exogenous testosterone administration with
placebo in men with untreated OSA and obesity. The second study, designed as a factorial
study, assessed the impact of CPAP versus sham CPAP, as well as the PDE-5 inhibitor, Vardenafil

versus placebo on sexual function and quality of life parameters.

On an intention to treat basis, neither CPAP use, exogenous testosterone treatment nor a PDE-
5 inhibitor improved erectile function. In contrast, post-hoc analysis revealed that adherent
CPAP use did improve erectile function over the same period. Similarly, sexual desire was
increased by the adherent use of CPAP, as well as by testosterone treatment, but not by a PDE-
5 inhibitor. Importantly, for a practical clinical point of view, only one third of participants
were adherent with CPAP, leaving two-thirds of men with OSA inadequately treated, or not at

all.

This thesis also showed that efficacious use of CPAP treatment improves not only sexual health,
but many other facets of quality of life. The psychological factors related to ED have not been
mentioned in previous literature related to OSA and ED. Given the high rates of depression,
sleepiness, and relationship breakdown with OSA, there may be a tri-directional relationship
between OSA, psychological factors and erectile dysfunction. Breaking this cycle by

successfully treating OSA with CPAP has been shown in this study to improve rates of
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sleepiness, depression, stress, as well as erectile function and sexual function. Providing PDE-5
inhibitors does not improve any psychological factors measured in this study and was not
effective in increasing either erectile function or sexual desire. Further research is required to
investigate this potential causal pathway, in order to fully understand the mechanisms behind

the association of OSA and ED.

Detailed review of the literature reveals that the widely held belief that OSA is associated with
reduced libido may not be the case. Many papers do not cite a reference, and those that do
often cite Guilleminault, et al 1977, as robust evidence that OSA is associated with low libido,
with no current evidence to corroborate this assertion. When this paper was written in 1977,
there was no distinction made between libido and erectile dysfunction in the medical
literature, which is apparent in the wording “Twelve patients reported impotence. Abatement
of sexual drive had progressed slowly..”. At present, there is no evidence clearly
demonstrating a robust independent link between OSA and reduced libido. The research
reported in this thesis, however, has been the first to clearly show, via a randomised controlled
study that regular use of CPAP increases sexual desire. This conclusion however, due to study
inclusion criteria, applies only to men with erectile dysfunction. Further studies are needed to

widen this understanding to include men who do not present with erectile dysfunction.

The importance that many men place on good sexual health should be used as an incentive to
encourage regular CPAP use. This thesis provides high quality evidence that the use of CPAP
for more than four hours a night is able to improve erectile function and sexual desire. Given
the poor adherence rates achieved not only in this study, but many others, the knowledge of
the positive impact on sexual health by CPAP should be widely disseminated, in an effort to

improve adherence with treatment, and reduce cardiovascular risk.

-229-



REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Laumann Eo, P.A.R.R.C.,, Sexual dysfunction in the united states: Prevalence and predictors.
JAMA, 1999. 281(6): p. 537-544.

Holden, C.A., R.l. McLachlan, M. Pitts, R. Cumming, G. Wittert, P.A. Agius, D.J. Handelsman, and
D.M. de Kretser, Men in Australia Telephone Survey (MATeS): a national survey of the
reproductive health and concerns of middle-aged and older Australian men. Lancet, 2005.
366(9481): p. 218-24.

Organisation, W.H., Defining sexual health: Report of a technical consultation on sexual health
28-31 January 2002, Geneva. 2006: Geneva.

VE, M.W.J., Human Sexual Inadequacy. 1970, Boston: Little Brown.

Janssen, E., Sexual arousal in men: A review and conceptual analysis. Hormones and Behavior,
2011. 59(5): p. 708-716.

Levine, S.B., The nature of sexual desire: A clinician's perspective. Archives of Sexual Behavior,
2003. 32(3): p. 279-285.

Kandeel, F.R., V.K. Koussa, and R.S. Swerdloff, Male sexual function and its disorders: physiology,
pathophysiology, clinical investigation, and treatment. Endocr Rev, 2001. 22(3): p. 342-88.
Pfaus, J.G., Pathways of Sexual Desire. Journal of Sexual Medicine, 2009. 6(6): p. 1506-1533.
Spector, I.P.,, M.P. Carey, and L. Steinberg, The sexual desire inventory: Development, factor
structure, and evidence of reliability. Journal of Sex & Marital Therapy, 1996. 22(3): p. 175-190.
Baumeister, R.F., K.R. Catanese, and K.D. Vohs, Is there a gender difference in strength of sex
drive? Theoretical views, conceptual distinctions, and a review of relevant evidence. Personality
and Social Psychology Review, 2001. 5(3): p. 242-273.

DelLamater, J.D. and M. Sill, Sexual desire in later life. Journal of Sex Research, 2005. 42(2): p.
138-149.

Han, T.S., A. Tajar, T.W. O'Neill, M. Jiang, G. Bartfai, S. Boonen, F. Casanueva, J.D. Finn, G. Forti,
A. Giwercman, I.T. Huhtaniemi, K. Kula, N. Pendleton, M. Punab, A.J. Silman, D. Vanderschueren,
M.E. Lean, F.C. Wu, and E. group, Impaired quality of life and sexual function in overweight and
obese men: the European Male Ageing Study. Eur J Endocrinol, 2011. 164(6): p. 1003-11.
Corona, G., G. Rastrelli, V. Ricca, E.A. Jannini, L. Vignozzi, M. Monami, A. Sforza, G. Forti, E.
Mannucci, and M. Maggi, Risk factors associated with primary and secondary reduced libido in
male patients with sexual dysfunction. J Sex Med, 2013. 10(4): p. 1074-89.

O'Leary, M.P., T. Rhodes, C.J. Girman, D.. Jacobson, R.O. Roberts, M.M. Lieber, and S.J.
Jacobsen, Distribution of the Brief Male Sexual Inventory in community men. Int J Impot Res,
2003. 15(3): p. 185-91.

Finkelstein, J.S., H. Lee, S.A. Burnett-Bowie, J.C. Pallais, E.W. Yu, L.F. Borges, B.F. Jones, C.V.
Barry, K.E. Wulczyn, B.J. Thomas, and B.Z. Leder, Gonadal steroids and body composition,
strength, and sexual function in men. N Engl J Med, 2013. 369(11): p. 1011-22.

Murray, S.H. and R.R. Milhausen, Sexual desire and relationship duration in young men and
women. Journal of sex & marital therapy, 2012. 38(1): p. 28-40.

Willoughby, B.J. and J. Vitas, Sexual Desire Discrepancy: The Effect of Individual Differences in
Desired and Actual Sexual Frequency on Dating Couples. Archives of Sexual Behavior, 2012.
41(2): p. 477-486.

Corbin, J.D., Mechanisms of action of PDE5 inhibition in erectile dysfunction. Int J Impot Res,
2004. 16 Suppl 1: p. S4-7.

Kelly, D.M. and T.H. Jones, Testosterone: a vascular hormone in health and disease. J Endocrinol,
2013. 217(3): p. R47-71.

Lugg, J.A., J. Rajfer, and N.F. Gonzalez-Cadavid, Dihydrotestosterone is the active androgen in
the maintenance of nitric oxide-mediated penile erection in the rat. Endocrinology, 1995. 136(4):
p. 1495-1501.

-230-



21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

Aversa, A., A.M. Isidori, M.U. De Martino, M. Caprio, E. Fabbrini, M. Rocchietti-March, G.
Frajese, and A. Fabbri, Androgens and penile erection: Evidence for a direct relationship between
free testosterone and cavernous vasodilation in men with erectile dysfunction. Clinical
Endocrinology, 2000. 53(4): p. 517-522.

Hirshkowitz, M. and M.H. Schmidt, Sleep-related erections: clinical perspectives and neural
mechanisms. Sleep Med Rev, 2005. 9(4): p. 311-29.

Halverson, H.M., Genital and sphincter behavior of the male infant. Pedagogical Seminary and
Journal of Genetic Psychology, 1940. 56(1): p. 95-136.

Ohlmeyer, P., H. Brilmayer, and H. Hullstrung, Periodic processes in sleep. Pflugers Archiv Fur Die
Gesamte Physiologie Des Menschen Und Der Tiere, 1944. 248(4/6): p. 559-560.

Fisher C, G.J.Z.)., Cycle of penile erection synchronous with dreaming (rem) sleep: Preliminary
report. Archives of General Psychiatry, 1965. 12(1): p. 29-45.

Aserinsky, E. and N. Kleitman, Regularly occurring periods of eye motility, and concomitant
phenomena, during sleep. Science, 1953. 118(3062): p. 273-4.

Medicine, A.A.0.S., International Classification of Sleep Disorders: Diagnostic and Coding
Manual. 1991.

Karacan, I., C. Aslan, and M. Hirshkowitz, Erectile Mechanisms in Man. Science, 1983. 220(4601):
p. 1080-1082.

Ware, J.C., M. Hirshkowitz, J. Thornby, P. Salis, and |. Karacan, Sleep-related erections: absence
of change following presleep sexual arousal. ) Psychosom Res, 1997. 42(6): p. 547-53.

Jankowski, J.T., A.D. Seftel, and K.P. Strohl, Erectile dysfunction and sleep related disorders. )
Urol, 2008. 179(3): p. 837-41.

Moreland, R.B., Is there a role of hypoxemia in penile fibrosis: a viewpoint presented to the
Society for the Study of Impotence. Int J Impot Res, 1998. 10(2): p. 113-20.

Kim, H., D.F. Dinges, and T. Young, Sleep-disordered breathing and psychomotor vigilance in a
community-based sample. Sleep, 2007. 30(10): p. 1309-1316.

Reynolds, C.F., M.E. Thase, J.R. Jennings, J.R. Howell, E. Frank, S.R. Berman, P.R. Houck, and D.J.
Kupfer, Nocturnal Penile Tumescence in Healthy 20-Year-Olds to 59-Year-Olds - a Revisit. Sleep,
1989. 12(4): p. 368-373.

Hirshkowitz, M., |. Karacan, K.C. Rando, R.L. Williams, and J.W. Howell, Diabetes, erectile
dysfunction, and sleep-related erections. Sleep, 1990. 13(1): p. 53-68.

Hirshkowitz, M., I. Karacan, J.W. Howell, M.O. Arcasoy, and R.L. Williams, Nocturnal penile
tumescence in cigarette smokers with erectile dysfunction. Urology, 1992. 39(2): p. 101-7.
Heiman, J.R., Sexual dysfunction: overview of prevalence, etiological factors, and treatments. |
Sex Res, 2002. 39(1): p. 73-8.

Fugl-Meyer, A.R., G. Lodnert, I.B. Branholm, and K.S. Fugl-Meyer, On life satisfaction in male
erectile dysfunction. Int ) Impot Res, 1997. 9(3): p. 141-8.

Kaplan, H.S., Hypoactive sexual desire. ) Sex Marital Ther, 1977. 3(1): p. 3-9.

Association, A.P., Diagnostic and Statistical Manual of Mental Disorders (DSM-1V). 2000.

Martin, S., Clinical and Biopsychosocial Determinants of Sexual Dysfunction in Middle-Aged and
Older Australian Men Determinants of Sexual Dysfunction in Australian Men. Journal of sexual
medicine, 2012. 9(8): p. 2093-2103.

Moreira, E.D., D.B. Glasser, R. King, F.G. Duarte, C. Gingell, and G.I. Group, Sexual difficulties and
help-seeking among mature adults in Australia: results from the Global Study of Sexual Attitudes
and Behaviours. Sex Health, 2008. 5(3): p. 227-34.

Bacon, C.G., M.A. Mittleman, |. Kawachi, E. Giovannucci, D.B. Glasser, and E.B. Rimm, Sexual
function in men older than 50 years of age: results from the health professionals follow-up study.
Ann Intern Med, 2003. 139(3): p. 161-8.

Lindau, S.T., L.P. Schumm, E.O. Laumann, W. Levinson, C.A. O'Muircheartaigh, and L.J. Waite, A
study of sexuality and health among older adults in the United States. N Engl J Med, 2007.
357(8): p. 762-74.

-231-



44,

45.

46.

47.

48.

49,
50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Gregorian, R.S., K.A. Golden, A. Bahce, C. Goodman, W.J. Kwong, and Z.M. Khan,
Antidepressant-induced sexual dysfunction. Ann Pharmacother, 2002. 36(10): p. 1577-89.

Lewis, R.W., K.S. Fugl-Meyer, G. Corona, R.D. Hayes, E.O. Laumann, E.D. Moreira Jr, A.H. Rellini,
and T. Segraves, ORIGINAL ARTICLES: Definitions/Epidemiology/Risk Factors for Sexual
Dysfunction. The Journal of Sexual Medicine, 2010. 7(4pt2): p. 1598-1607.

Lue, T.F., Erectile dysfunction. N Engl J Med, 2000. 342(24): p. 1802-13.

Impotence, N.C.D.P.o., NIH Consensus Conference. Impotence. NIH Consensus Development
Panel on Impotence, in JAMA. 1993. p. 83-90.

Lewis, R.W., K.S. Fugl-Meyer, R. Bosch, A.R. Fugl-Meyer, E.O. Laumann, E. Lizza, and A. Martin-
Morales, Epidemiology/risk factors of sexual dysfunction. ) Sex Med, 2004. 1(1): p. 35-9.

Shah, J., Erectile dysfunction through the ages. BJU Int, 2002. 90(4): p. 433-41.

Melman, A. and J.C. Gingell, The epidemiology and pathophysiology of erectile dysfunction. |
Urol, 1999. 161(1): p. 5-11.

Santoro, D., V. Savica, E. Satta, M. Scaffidi, A. Mallamace, M. Li Vecchi, and G. Bellinghieri,
Impotence in the 18th and 19th century: concepts of etiology and approaches to therapy. )
Nephrol, 2009. 22 Suppl 14: p. 67-70.

Impotence, N.l.o.H.C.D.C.o., Impotence. NIH Consens Statement, 1992. 10(4): p. 1-33.

Benet, A.E. and A. Melman, The epidemiology of erectile dysfunction. Urol Clin North Am, 1995.
22(4): p. 699-709.

Feldman, H.A,, I. Goldstein, D.G. Hatzichristou, R.J. Krane, and J.B. McKinlay, Impotence and its
medical and psychosocial correlates: results of the Massachusetts Male Aging Study. ) Urol,
1994. 151(1): p. 54-61.

Rosen, R.C., W.A. Fisher, I. Eardley, C. Niederberger, A. Nadel, M. Sand, E. Men's Attitudes to
Life, and S. Sexuality, The multinational Men's Attitudes to Life Events and Sexuality (MALES)
study: I. Prevalence of erectile dysfunction and related health concerns in the general
population. Curr Med Res Opin, 2004. 20(5): p. 607-17.

Braun, M., G. Wassmer, T. Klotz, B. Reifenrath, M. Mathers, and U. Engelmann, Epidemiology of
erectile dysfunction: results of the 'Cologne Male Survey'. Int ] Impot Res, 2000. 12(6): p. 305-11.
Andersen, M.L., R. Santos-Silva, L.R. Bittencourt, and S. Tufik, Prevalence of erectile dysfunction
complaints associated with sleep disturbances in Sao Paulo, Brazil: a population-based survey.
Sleep Med, 2010. 11(10): p. 1019-24.

Ayta, L.A., J.B. McKinlay, and R.). Krane, The likely worldwide increase in erectile dysfunction
between 1995 and 2025 and some possible policy consequences. BJU Int, 1999. 84(1): p. 50-6.
Pinnock, C.B., A.M. Stapleton, and V.R. Marshall, Erectile dysfunction in the community: a
prevalence study. Med J Aust, 1999. 171(7): p. 353-7.

Chew, K.K., C.M. Earle, B.G. Stuckey, K. Jamrozik, and E.J. Keogh, Erectile dysfunction in general
medicine practice: prevalence and clinical correlates. Int J Impot Res, 2000. 12(1): p. 41-5.

Derby, C.A., B.A. Mohr, I. Goldstein, H.A. Feldman, C.B. Johannes, and J.B. McKinlay, Modifiable
risk factors and erectile dysfunction: can lifestyle changes modify risk? Urology, 2000. 56(2): p.
302-6.

Feldman, H.A., C.B. Johannes, C.A. Derby, K.P. Kleinman, B.A. Mohr, A.B. Araujo, and J.B.
McKinlay, Erectile dysfunction and coronary risk factors: prospective results from the
Massachusetts male aging study. Prev Med, 2000. 30(4): p. 328-38.

Boddi, V., Priapus is happier with Venus than with Bacchus. Journal of sexual medicine, 2010.
7(8): p. 2831-41.

Esposito, K., F. Giugliano, C. Di Palo, G. Giugliano, R. Marfella, F. D'Andrea, M. D'Armiento, and
D. Giugliano, Effect of lifestyle changes on erectile dysfunction in obese men: a randomized
controlled trial. JAMA, 2004. 291(24): p. 2978-84.

Khoo, J., H.H. Tian, B. Tan, K. Chew, C.S. Ng, D. Leong, R.C. Teo, and R.Y. Chen, Comparing effects
of low- and high-volume moderate-intensity exercise on sexual function and testosterone in
obese men. ) Sex Med, 2013. 10(7): p. 1823-32.

-232-



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Nakanishi, S., K. Yamane, N. Kamei, M. Okubo, and N. Kohno, Erectile dysfunction is strongly
linked with decreased libido in diabetic men. The Aging Male, 2004. 7(2): p. 113-119.

Gore, J. and J. Rajfer, The role of serum testosterone testing: routine hormone analysis is an
essential part of the initial screening of men with erectile dysfunction. Rev Urol, 2004. 6(4): p.
207-10.

Oguz, F., A. Eltas, A. Beytur, E. Akdemir, M.O. Uslu, and A. Giines, Is There a Relationship
Between Chronic Periodontitis and Erectile Dysfunction? The Journal of Sexual Medicine, 2013.
10(3): p. 838-843.

Karacan, |., R.L. Williams, J.I. Thornby, and P.J. Salis, Sleep related penile tumescence as a
function of age. American Journal of Psychiatry, 1975. 132(9): p. 932-937.

Barry, J.M., B. Blank, and M. Boileau, Nocturnal penile tumescence monitoring with stamps.
Urology, 1980. 15(2): p. 171-172.

Rajfer, J., Relationship between testosterone and erectile dysfunction. Rev Urol, 2000. 2(2): p.
122-8.

Organisation, W.H. Cardiovascular disease. 2013 03/08/2013]; Available from:
http://www.who.int/cardiovascular_diseases/en/.

Jackson, G., Erectile dysfunction might predict silent unobstructive coronary artery disease. BJU
Int, 2008. 102(11): p. 1496.

Montorsi, F., A. Briganti, A. Salonia, P. Rigatti, A. Margonato, A. Macchi, S. Galli, P.M. Ravagnani,
and P. Montorsi, Erectile dysfunction prevalence, time of onset and association with risk factors
in 300 consecutive patients with acute chest pain and angiographically documented coronary
artery disease. Eur Urol, 2003. 44(3): p. 360-4; discussion 364-5.

Thompson, .M., C.M. Tangen, P.J. Goodman, J.L. Probstfield, C.M. Moinpour, and C.A. Coltman,
Erectile dysfunction and subsequent cardiovascular disease. JAMA, 2005. 294(23): p. 2996-3002.
Barrett-Connor, E., Heart disease risk factors predict erectile dysfunction 25 years later (the
Rancho Bernardo Study). Am J Cardiol, 2005. 96(12B): p. 3M-7M.

Inman, B.A., J.L. Sauver, D.J. Jacobson, M.E. McGree, A. Nehra, M.M. Lieber, V.L. Roger, and S.J.
Jacobsen, A population-based, longitudinal study of erectile dysfunction and future coronary
artery disease. Mayo Clin Proc, 2009. 84(2): p. 108-13.

Schouten, B.W., A.M. Bohnen, J.L. Bosch, R.M. Bernsen, J.W. Deckers, G.R. Dohle, and S.
Thomas, Erectile dysfunction prospectively associated with cardiovascular disease in the Dutch
general population: results from the Krimpen Study. Int J Impot Res, 2008. 20(1): p. 92-9.

Ma, R.C., W.Y. So, X. Yang, LW. Yu, A.P. Kong, G.T. Ko, C.C. Chow, C.S. Cockram, J.C. Chan, and
P.C. Tong, Erectile dysfunction predicts coronary heart disease in type 2 diabetes. ] Am Coll
Cardiol, 2008. 51(21): p. 2045-50.

Chew, K.K., J. Finn, B. Stuckey, N. Gibson, F. Sanfilippo, A. Bremner, P. Thompson, M. Hobbs, and
K. Jamrozik, Erectile dysfunction as a predictor for subsequent atherosclerotic cardiovascular
events: findings from a linked-data study. ) Sex Med, 2010. 7(1 Pt 1): p. 192-202.

Kumar, J., T. Bhatia, A. Kapoor, P. Ranjan, A. Srivastava, A. Sinha, S. Kumar, N. Garg, S. Tewari, R.
Kapoor, and P.K. Goel, Erectile Dysfunction Precedes and Is Associated with Severity of Coronary
Artery Disease among Asian Indians. The Journal of Sexual Medicine, 2013. 10(5): p. 1372-1379.
Araujo, A.B., T.G. Travison, P. Ganz, G.R. Chiu, V. Kupelian, R.C. Rosen, S.A. Hall, and J.B.
McKinlay, Erectile dysfunction and mortality. ) Sex Med, 2009. 6(9): p. 2445-54.

Chew, K.K., A. Bremner, B. Stuckey, C. Earle, and K. Jamrozik, Is the relationship between
cigarette smoking and male erectile dysfunction independent of cardiovascular disease?
Findings from a population-based cross-sectional study. ) Sex Med, 2009. 6(1): p. 222-31.

Lee, D.M., T.W. O'Neill, S.R. Pye, A.J. Silman, J.D. Finn, N. Pendleton, A. Tajar, G. Bartfai, F.
Casanueva, G. Forti, A. Giwercman, |.T. Huhtaniemi, K. Kula, M. Punab, S. Boonen, D.
Vanderschueren, F.C. Wu, and E.s. group, The European Male Ageing Study (EMAS): design,
methods and recruitment. Int J Androl, 2009. 32(1): p. 11-24.

-233-


http://www.who.int/cardiovascular_diseases/en/

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.
103.

104.

O'Connor, D.B., G. Corona, G. Forti, A. Tajar, D.M. Lee, J.D. Finn, G. Bartfai, S. Boonen, F.F.
Casanueva, A. Giwercman, I.T. Huhtaniemi, K. Kula, T.W. O'Neill, N. Pendleton, M. Punab, A.J.
Silman, D. Vanderschueren, and F.C. Wu, Assessment of sexual health in aging men in Europe:
development and validation of the European Male Ageing Study sexual function questionnaire. )
Sex Med, 2008. 5(6): p. 1374-85.

Rust, J. and S. Golombok, The Golombok-Rust Inventory of Sexual Satisfaction (GRISS). British
Journal of Clinical Psychology, 1985. 24(1): p. 63-64.

Rust, J. and S. Golombok, The GRISS: A psychometric instrument for the assessment of sexual
dysfunction. Archives of Sexual Behavior, 1986. 15(2): p. 157-165.

O'Leary, M.P., F.J. Fowler, W.R. Lenderking, B. Barber, P.P. Sagnier, H.A. Guess, and M.J. Barry, A
brief male sexual function inventory for urology. Urology, 1995. 46(5): p. 697-706.

Rosen, R.C., J.C. Cappelleri, and N. Gendrano, The International Index of Erectile Function (lIEF):
a state-of-the-science review. International Journal of Impotence Research, 2002. 14(4): p. 226-
244,

Rosen, R.C., A. Riley, G. Wagner, I.H. Osterloh, J. Kirkpatrick, and A. Mishra, The international
index of erectile function (IIEF): a multidimensional scale for assessment of erectile dysfunction.
Urology, 1997. 49(6): p. 822-30.

Porst, H., Y. Vardi, E. Akkus, A. Melman, N.C. Park, A.D. Seftel, C. Teloken, and M. Wyllie,
Standards for clinical trials in male sexual dysfunctions. ) Sex Med, 2010. 7(1 Pt 2): p. 414-44.
Porst, H., A. Burnett, G. Brock, H. Ghanem, F. Giuliano, S. Glina, W. Hellstrom, A. Martin-
Morales, A. Salonia, |. Sharlip, and |.S.C.f.S. Medicine, SOP conservative (medical and
mechanical) treatment of erectile dysfunction. J Sex Med, 2013. 10(1): p. 130-71.

Althof, S.E., E.W. Corty, S.B. Levine, F. Levine, A.L. Burnett, K. McVary, V. Stecher, and A.D.
Seftel, EDITS: development of questionnaires for evaluating satisfaction with treatments for
erectile dysfunction. Urology, 1999. 53(4): p. 793-9.

Meston, C.M. and P.F. Frohlich, The neurobiology of sexual function. Arch Gen Psychiatry, 2000.
57(11): p. 1012-30.

Coric, V., S. Feuerstein, F. Fortunati, S. Southwick, H. Temporini, and C.A. Morgan, Assessing sex
offenders. Psychiatry (Edgmont), 2005. 2(11): p. 26-9.

Freund, K., A Laboratory Method for Diagnosing Predominance of Homo- or Hetero-Erotic
Interest in Male. Behav Res Ther, 1963. 1: p. 85-93.

Freund, K., F. Sedlacek, and K. Knob, A Simple Transducer for Mechanical Plethysmography of
the Male Genital. ) Exp Anal Behav, 1965. 8: p. 169-70.

Bancroft, J.H., H.G. Jones, and B.R. Pullan, A simple transducer for measuring penile erection
with comments on its use in the treatment of sexual disorders. Behav Res Ther, 1966. 4(3): p.
239-41.

Karacan, |., A simple and inexpensive transducer for quantitative measurements of penile
erection during sleep. Behavior Research Methods & Instrumentation, 1969. 1(7): p. 251-252.
Giesbers, A.A.G.M., J.L. Bruins, A.E.J.L. Kramer, and U. Jonas, New methods in the diagnosis of
impotence: RigiScan® penile tumescence and rigidity monitoring and diagnostic papaverine
hydrochloride injection. World Journal of Urology, 1987. 5(3): p. 173-176.

Karacan, |, C.A. Moore, and N. Gokcebay, Nocturnal penile tumescence (NPT) and rigidity
monitoring in neurogenic impotence: Interpretations and limitations. Sexuality and Disability,
1994. 12(1): p. 39-51.

TIMM_Medical_Technologies, Rigiscan Plus User Guide. 2005: Minnesota.

Levine, L.A. and R.A. Carroll, Nocturnal Penile Tumescence and Rigidity in Men without
Complaints of Erectile Dysfunction Using a New Quantitative-Analysis Software. Journal of
Urology, 1994. 152(4): p. 1103-1107.

Benet, A.E., J. Rehman, R.G. Holcomb, and A. Melman, The correlation between the new
RigiScan Plus software and the final diagnosis in the evaluation of erectile dysfunction. Journal
of Urology, 1996. 156(6): p. 1947-1950.

-234-



105.

106.

107.

108.

109.
110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Elhanbly, S., A. Elkholy, Y. Elbayomy, M. Elsaid, and S. Abdel-gaber, Nocturnal penile erections:
the diagnostic value of tumescence and rigidity activity units. Int J Impot Res, 2009. 21(6): p.
376-81.

Elhanbly, S. and A. Elkholy, Nocturnal penile erections: the role of RigiScan in the diagnosis of
vascular erectile dysfunction. J Sex Med, 2012. 9(12): p. 3219-26.

Rosen, R.C. and J.B. Kostis, Overview of phosphodiesterase 5 inhibition in erectile dysfunction.
Am J Cardiol, 2003. 92(9A): p. 9M-18M.

Bruzziches, R., D. Francomano, P. Gareri, A. Lenzi, and A. Aversa, An update on pharmacological
treatment of erectile dysfunction with phosphodiesterase type 5 inhibitors. Expert Opinion on
Pharmacotherapy, 2013. 14(10): p. 1333-1344.

Eardley, I., Oral therapy for erectile dysfunction. Arch Esp Urol, 2010. 63(8): p. 703-14.

Smith, W.B., I.R. McCaslin, A. Gokce, S.H. Mandava, L. Trost, and W.J. Hellstrom, PDE5 inhibitors:
Considerations for preference and long-term adherence. International Journal of Clinical
Practice, 2013. 67(8): p. 768-780.

Wessells, H., G.F. Joyce, M. Wise, and T.J. Wilt, Erectile dysfunction. Journal of Urology, 2007.
177(5): p. 1675-1681.

Govier, F., AJ. Potempa, J. Kaufman, J. Denne, P. Kovalenko, and S. Ahuja, A multicenter,
randomized, double-blind, crossover study of patient preference for tadalafil 20 mg or sildendfil
citrate 50 mg during initiation of treatment for erectile dysfunction. Clin Ther, 2003. 25(11): p.
2709-23.

Kouvelas, D., A. Goulas, G. Papazisis, C. Sardeli, and C. Pourzitaki, PDE5 inhibitors: in vitro and in
vivo pharmacological profile. Curr Pharm Des, 2009. 15(30): p. 3464-75.

Corona, G., N. Mondaini, A. Ungar, E. Razzoli, A. Rossi, and F. Fusco, Phosphodiesterase Type 5
(PDE5) Inhibitors in Erectile Dysfunction: The Proper Drug for the Proper Patient. Journal of
Sexual Medicine, 2011. 8(12): p. 3418-3432.

McMahon, C., Efficacy and safety of daily tadalafil in men with erectile dysfunction previously
unresponsive to on-demand tadalafil. ) Sex Med, 2004. 1(3): p. 292-300.

Kang, D.H., l.Y. Lee, J.H. Chung, J.M. Cho, S.H. Lee, J. Park, T.H. Kim, T.K. Yoo, and S.W. Lee,
Comparison of efficacy for erectile function and lower urinary tract symptoms of tadalafil 20 mg
on-demand and 5 mg once daily in patients with erectile dysfunction. International Journal of
Clinical Practice, 2012. 66(8): p. 813-820.

Kim, E.D., A.D. Seftel, E.R. Goldfischer, X. Ni, and P.R. Burns, A return to normal erectile function
with tadalafil once daily after an incomplete response to as-needed pde5 inhibitor therapy.
Journal of Sexual Medicine, 2013.

Javaroni, V., M. Queiroz Miguez, A. Burla, W. Oigman, and M.F. Neves, Response to on-demand
vardenafil was improved by its daily usage in hypertensive men. Urology, 2012. 80(4): p. 858-64.
Zumbe, J., H. Porst, F. Sommer, W. Grohmann, M. Beneke, and E. Ulbrich, Comparable efficacy
of once-daily versus on-demand vardenafil in men with mild-to-moderate erectile dysfunction:
findings of the RESTORE study. Eur Urol, 2008. 54(1): p. 204-10.

Montorsi, F., G. Brock, J. Lee, J. Shapiro, H. Van Poppel, M. Graefen, and C. Stief, Effect of nightly
versus on-demand vardenafil on recovery of erectile function in men following bilateral nerve-
sparing radical prostatectomy. Eur Urol, 2008. 54(4): p. 924-31.

Tsertsvadze, A., H.A. Fink, F. Yazdi, R. MacDonald, A.J. Bella, M.T. Ansari, C. Garritty, K. Soares-
Weiser, R. Daniel, M. Sampson, S. Fox, D. Moher, and T.J. Wilt, Oral Phosphodiesterase-5
Inhibitors and Hormonal Treatments for Erectile Dysfunction: A Systematic Review and Meta-
analysis. Annals of Internal Medicine, 2009. 151(9): p. 650-W218.

Hatzichristou, D.G., P. Aliotta, S. Auerbach, J. Barkin, D. Lording, M. Murdock, H.J. Wilkins, T.A.
McBride, M.W. Colopy, C.C. Carson, and G. Patient Response with Vardenafil in Sildenafil Non-
Responders Study, Erectile response to vardenafil in men with a history of nonresponse to
sildendfil: a time-from-dosing descriptive analysis. Clin Ther, 2005. 27(9): p. 1452-61.

-235-



123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

Shabsigh, R., J.M. Kaufman, C. Steidle, and H. Padma-Nathan, Randomized study of testosterone
gel as adjunctive therapy to sildenafil in hypogonadal men with erectile dysfunction who do not
respond to sildenafil alone. J Urol, 2008. 179(5 Suppl): p. S97-S102.

Greco, E.A., G. Spera, and A. Aversa, Combining testosterone and PDE5 inhibitors in erectile
dysfunction: basic rationale and clinical evidences. Eur Urol, 2006. 50(5): p. 940-7.

Buvat, J., F. Montorsi, M. Maggi, H. Porst, A. Kaipia, M.H. Colson, B. Cuzin, I. Moncada, A.
Martin-Morales, A. Yassin, E. Meuleman, I. Eardley, J.D. Dean, and R. Shabsigh, Hypogonadal
men nonresponders to the PDE5 inhibitor tadalafil benefit from normalization of testosterone
levels with a 1% hydroalcoholic testosterone gel in the treatment of erectile dysfunction
(TADTEST study). ) Sex Med, 2011. 8(1): p. 284-93.

Alhathal, N., A.M. Elshal, and S. Carrier, Synergetic effect of testosterone and phophodiesterase-
5 inhibitors in hypogonadal men with erectile dysfunction: A systematic review. Cuaj-Canadian
Urological Association Journal, 2012. 6(4): p. 269-274.

Traish, A.M., |. Goldstein, and N.N. Kim, Testosterone and Erectile Function: From Basic Research
to a New Clinical Paradigm for Managing Men with Androgen Insufficiency and Erectile
Dysfunction. European Urology, 2007. 52(1): p. 54-70.

Zhang, X.H., A. Morelli, M. Luconi, L. Vignozzi, S. Filippi, M. Marini, G.B. Vannelli, R. Mancina, G.
Forti, and M. Maggi, Testosterone regulates PDE5 expression and in vivo responsiveness to
tadalafil in rat corpus cavernosum. Eur Urol, 2005. 47(3): p. 409-16; discussion 416.

Morelli, A., S. Filippi, R. Mancina, M. Luconi, L. Vignozzi, M. Marini, C. Orlando, G.B. Vannelli, A.
Aversa, A. Natali, G. Forti, M. Giorgi, E.A. Jannini, F. Ledda, and M. Maggi, Androgens regulate
phosphodiesterase type 5 expression and functional activity in corpora cavernosa.
Endocrinology, 2004. 145(5): p. 2253-63.

Greenstein, A., J. Chen, A. Salonia, M. Sofer, H. Matzkin, and F. Montorsi, Does sildendfil
enhance quality of nocturnal erections in healthy young men? A NPT-RigiScan study. J Sex Med,
2004. 1(3): p. 314-7.

Yaman, O., Z. Tokath, T. Inal, and K. Anafarta, Effect of sildenafil on nocturnal erections of potent
men. Int J Impot Res, 2003. 15(2): p. 117-21.

Porst, H., G.B. Brock, K. Kula, I. Moncada, F. Montorsi, B.R. Basson, K. Kinchen, and A. Aversa,
Effects of once-daily tadalafil on treatment satisfaction, psychosocial outcomes, spontaneous
erections, and measures of endothelial function in men with erectile dysfunction but naive to
phosphodiesterase type 5 inhibitors. Journal of Andrology, 2012. 33(6): p. 1305-1322.

Chen, Z.Y., Y.H. Chen, H.B. Zhu, Y.H. He, L. Zhang, and S.K. Yang, [Effect of sildenafil on nocturnal
penile tumescence]. Zhonghua Nan Ke Xue, 2006. 12(8): p. 706-7, 711.

Rochira, V., A. Balestrieri, B. Madeo, A.R. Granata, and C. Carani, Sildenafil improves sleep-
related erections in hypogonadal men: evidence from a randomized, placebo-controlled,
crossover study of a synergic role for both testosterone and sildenafil on penile erections. )
Androl, 2006. 27(2): p. 165-75.

Foresta, C., N. Caretta, M. Rossato, A. Garolla, and A. Ferlin, Role of androgens in erectile
function. ) Urol, 2004. 171(6 Pt 1): p. 2358-62, quiz 2435.

Sandner, P., J. Hutter, H. Tinel, K. Ziegelbauer, and E. Bischoff, PDE5 inhibitors beyond erectile
dysfunction. Int J Impot Res, 2007. 19(6): p. 533-43.

Roustit, M., S. Blaise, Y. Allanore, P.H. Carpentier, E. Caglayan, and J.L. Cracowski,
Phosphodiesterase-5 inhibitors for the treatment of secondary Raynaud's phenomenon:
systematic review and meta-analysis of randomised trials. Ann Rheum Dis, 2013.

Gacci, M., A. lerardi, A.D. Rose, S. Tazzioli, E. Scapaticci, S. Filippi, M. Maggi, G. Nicita, M. Carini,
and F. Montorsi, Vardenafil can improve continence recovery after bilateral nerve sparing
prostatectomy: results of a randomized, double blind, placebo-controlled pilot study. J Sex Med,
2010. 7(1 Pt 1): p. 234-43.

-236-



139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

Gacci, M., G. Del Popolo, A. Macchiarella, M. Celso, G. Vittori, A. Lapini, S. Serni, P. Sandner, M.
Maggi, and M. Carini, Vardenafil improves urodynamic parameters in men with spinal cord
injury: results from a single dose, pilot study. J Urol, 2007. 178(5): p. 2040-3; discussion 2044,
Porst, H., C.G. Roehrborn, R.J. Secrest, A. Esler, and L. Viktrup, Effects of Tadalafil on Lower
Urinary Tract Symptoms Secondary to Benign Prostatic Hyperplasia and on Erectile Dysfunction
in Sexually Active Men with Both Conditions: Analyses of Pooled Data from Four Randomized,
Placebo-Controlled Tadalafil Clinical Studies. Journal of Sexual Medicine, 2013.

Freeman, E.R., D.A. Bloom, and E.J. McGuire, A brief history of testosterone. ) Urol, 2001. 165(2):
p. 371-3.

Bradley, K. and e. Paul Cartledge, The Cambridge World History of Slavery. 2011: Cambridge
University Press.

Berthold, A., Transpandation ode Hoden Arch Anat Physiol Wissensch, 1849(42).

Starling, E.H., The Croonian Lectures on the correlation of the functions of the body. Lancet,
1905. 2(4275): p. 339-341.

David, H., E. Dingemanse, J. Freud, and E. Laqueur, On a crystallinic male hormone from testicles
(testosterone), more effective than androsterone prepared from urine or cholesterol. Hoppe-
Seylers Zeitschrift Fur Physiologische Chemie, 1935. 233: p. 281-U9.

Butenandt, A. and G. Hanisch, Testosterone. Conversion of dehydroandrosterone in
androstenediol and testosterone; A way to represent the testosterone of cholesterol. Hoppe-
Seylers Zeitschrift Fur Physiologische Chemie, 1935. 237: p. 89-97.

Ruzicka, L., M.W. Goldberg, and H.R. Rosenberg, Sexual hormone X. Formation of 17-methyl-
testosterone and other adrostene and androstane derivatives. Relationship between chemical
composition and masculine hormone effects. Helvetica Chimica Acta, 1935. 18: p. 1487-1498.
Buvat, J., M. Maggi, A. Guay, and L.O. Torres, Testosterone deficiency in men: systematic review
and standard operating procedures for diagnosis and treatment. ) Sex Med, 2013. 10(1): p. 245-
84.

Nieschlag, E., H.M. Behre, P. Bouchard, J.J. Corrales, T.H. Jones, G.K. Stalla, S.M. Webb, and
F.C.W. Wu, Testosterone replacement therapy: current trends and future directions. Human
Reproduction Update, 2004. 10(5): p. 409-419.

Feldman, H.A., C. Longcope, C.A. Derby, C.B. Johannes, A.B. Araujo, A.D. Coviello, W.J. Bremner,
and J.B. McKinlay, Age trends in the level of serum testosterone and other hormones in middle-
aged men: longitudinal results from the Massachusetts male aging study. J Clin Endocrinol
Metab, 2002. 87(2): p. 589-98.

Morley, J.E., F.E. Kaiser, H.M. Perry, 3rd, P. Patrick, P.M. Morley, P.M. Stauber, B. Vellas, R.N.
Baumgartner, and P.J. Garry, Longitudinal changes in testosterone, luteinizing hormone, and
follicle-stimulating hormone in healthy older men. Metabolism, 1997. 46(4): p. 410-3.

Allan, C.A. and R.l. MclLachlan, Age-related changes in testosterone and the role of replacement
therapy in older men. Clin Endocrinol (Oxf), 2004. 60(6): p. 653-70.

Travison, T.G., W.V. Zhuang, K.L. Lunetta, D. Karasik, S. Bhasin, D.P. Kiel, A.D. Coviello, and J.M.
Murabito, The heritability of circulating testosterone, oestradiol, oestrone and sex hormone
binding globulin concentrations in men: the Framingham Heart Study. Clin Endocrinol (Oxf),
2013.

Clair, P., B. Claustrat, D. Jordan, H. Dechaud, and G. Sassolas, Daily Variations of Plasma Sex
Hormone-Binding Globulin Binding Capacity, Testosterone and Luteinizing Hormone
Concentrations in Healthy Rested Adult Males. Hormone Research in Paediatrics, 1985. 21(4): p.
220-223.

Bhasin, S., G.R. Cunningham, F.J. Hayes, A.M. Matsumoto, P.J. Snyder, R.S. Swerdloff, and V.M.
Montori, Testosterone therapy in adult men with androgen deficiency syndromes: an endocrine
society clinical practice guideline. J Clin Endocrinol Metab, 2006. 91(6): p. 1995-2010.

Bremner, W.J., M.V. Vitiello, and P.N. Prinz, Loss of circadian rhythmicity in blood testosterone
levels with aging in normal men. ) Clin Endocrinol Metab, 1983. 56(6): p. 1278-81.

-237 -



157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

Travison, T.G., A.B. Araujo, V. Kupelian, A.B. O'Donnell, and J.B. McKinlay, The relative
contributions of aging, health, and lifestyle factors to serum testosterone decline in men. J Clin
Endocrinol Metab, 2007. 92(2): p. 549-55.

Harman, S.M., E.J. Metter, J.D. Tobin, J. Pearson, M.R. Blackman, and A. Baltimore Longitudinal
Study of, Longitudinal effects of aging on serum total and free testosterone levels in healthy
men. Baltimore Longitudinal Study of Aging. J Clin Endocrinol Metab, 2001. 86(2): p. 724-31.
Mazur, A., R. Westerman, and U. Mueller, Is Rising Obesity Causing a Secular (Age-Independent)
Decline in Testosterone among American Men? PLoS One, 2013. 8(10): p. e76178.

Schooling, C.M., S.L. Au Yeung, G. Freeman, and B.J. Cowling, The effect of statins on
testosterone in men and women, a systematic review and meta-analysis of randomized
controlled trials. BMC Med, 2013. 11: p. 57.

Cui, Y., H. Zong, H. Yan, and Y. Zhang, The Effect of Statins on Erectile Dysfunction: A Systematic
Review and Meta-Analysis. The Journal of Sexual Medicine, 2014: p. n/a-n/a.

MacAdams, M.R., R.H. White, and B.E. Chipps, Reduction of serum testosterone levels during
chronic glucocorticoid therapy. Ann Intern Med, 1986. 104(5): p. 648-51.

Reid, I.R., H.K. Ibbertson, J.T. France, and J. Pybus, Plasma testosterone concentrations in
asthmatic men treated with glucocorticoids. Br Med J (Clin Res Ed), 1985. 291(6495): p. 574.
Gray, P.B., The descent of a man's testosterone. Proc Natl Acad Sci U S A, 2011. 108(39): p.
16141-2.

Marazziti, D. and D. Canale, Hormonal changes when falling in love. Psychoneuroendocrinology,
2004.29(7): p. 931-6.

van Anders, S.M. and N.V. Watson, Relationship status and testosterone in North American
heterosexual and non-heterosexual men and women: cross-sectional and longitudinal data.
Psychoneuroendocrinology, 2006. 31(6): p. 715-23.

Gray, P.B., S.M. Kahlenberg, E.S. Barrett, S.F. Lipson, and P.T. Ellison, Marriage and fatherhood
are associated with lower testosterone in males. Evolution and Human Behavior, 2002. 23(3): p.
193-201.

Burnham, T.C., J.F. Chapman, P.B. Gray, M.H. Mclintyre, S.F. Lipson, and P.T. Ellison, Men in
committed, romantic relationships have lower testosterone. Hormones and Behavior, 2003.
44(2): p. 119-122.

Gettler, L.T., T.W. McDade, and C.W. Kuzawa, Cortisol and testosterone in Filipino young adult
men: evidence for co-regulation of both hormones by fatherhood and relationship status. Am J
Hum Biol, 2011. 23(5): p. 609-20.

Gray, P.B., C.F.J. Yang, and H.G. Pope, Fathers have lower salivary testosterone levels than
unmarried men and married non-fathers in Beijing, China. Proceedings of the Royal Society B-
Biological Sciences, 2006. 273(1584): p. 333-339.

Perini, T., B. Ditzen, S. Fischbacher, and U. Ehlert, Testosterone and relationship quality across
the transition to fatherhood. Biol Psychol, 2012. 90(3): p. 186-91.

Roney, J.R., S.V. Mahler, and D. Maestripieri, Behavioral and hormonal responses of men to brief
interactions with women. Evolution and Human Behavior, 2003. 24(6): p. 365-375.

Miller, S.L. and J.K. Maner, Scent of a Woman: Men's Testosterone Responses to Olfactory
Ovulation Cues. Psychological Science, 2010. 21(2): p. 276-283.

Pirke, K.M., G. Kockott, and F. Dittmar, Psychosexual stimulation and plasma testosterone in
man. Arch Sex Behav, 1974. 3(6): p. 577-84.

Rowland, D.L., J.R. Heiman, B.A. Gladue, J.P. Hatch, C.H. Doering, and S.J. Weiler, Endocrine,
psychological and genital response to sexual arousal in men. Psychoneuroendocrinology, 1987.
12(2): p. 149-58.

Goldey, K.L. and S.M. van Anders, Sexual Thoughts: Links to Testosterone and Cortisol in Men.
Archives of Sexual Behavior, 2012. 41(6): p. 1461-1470.

-238 -



177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

Bernhardt, P.C., J.M. Dabbs, J.A. Fielden, and C.D. Lutter, Testosterone changes during vicarious
experiences of winning and losing among fans at sporting events. Physiology & Behavior, 1998.
65(1): p. 59-62.

Suay, F., A. Salvador, E. Gonzalez-Bono, C. Sanchis, M. Martinez, S. Martinez-Sanchis, V. Simon,
and J.B. Montoro, Effects of competition and its outcome on serum testosterone, cortisol and
prolactin. Psychoneuroendocrinology, 1999. 24(5): p. 551-566.

Wood, S., M.M. Mcinnes, and D.A. Norton, The Bad Thing about Good Games: The Relationship
between Close Sporting Events and Game-Day Traffic Fatalities. Journal of Consumer Research,
2011. 38(4): p. 611-621.

Gonzalez-Bono, E., A. Salvador, M.A. Serrano, and J. Ricarte, Testosterone, cortisol, and mood in
a sports team competition. Hormones and Behavior, 1999. 35(1): p. 55-62.

van der Meij, L., M. Almela, V. Hidalgo, C. Villada, H. lJzerman, P.A.M. van Lange, and A.
Salvador, Testosterone and Cortisol Release among Spanish Soccer Fans Watching the 2010
World Cup Final. Plos One, 2012. 7(4).

Heaton, J.P., Hormone treatments and preventive strategies in the aging male: whom and when
to treat? Rev Urol, 2003. 5 Suppl 1: p. S16-21.

Wu, F.C., A. Tajar, J.M. Beynon, S.R. Pye, A.J. Silman, J.D. Finn, T.W. O'Neill, G. Bartfai, F.F.
Casanueva, G. Forti, A. Giwercman, T.S. Han, K. Kula, M.E. Lean, N. Pendleton, M. Punab, S.
Boonen, D. Vanderschueren, F. Labrie, |.T. Huhtaniemi, and E. Group, Identification of late-onset
hypogonadism in middle-aged and elderly men. N Engl J Med, 2010. 363(2): p. 123-35.

Tajar, A., I.T. Huhtaniemi, T.W. O'Neill, J.D. Finn, S.R. Pye, D.M. Lee, G. Bartfai, S. Boonen, F.F.
Casanueva, G. Forti, A. Giwercman, T.S. Han, K. Kula, F. Labrie, M.E. Lean, N. Pendleton, M.
Punab, D. Vanderschueren, F.C. Wu, and E. Group, Characteristics of androgen deficiency in late-
onset hypogonadism: results from the European Male Aging Study (EMAS). J Clin Endocrinol
Metab, 2012. 97(5): p. 1508-16.

Travison, T.G., A.B. Araujo, A.B. O'Donnell, V. Kupelian, and J.B. McKinlay, A population-level
decline in serum testosterone levels in American men. J Clin Endocrinol Metab, 2007. 92(1): p.
196-202.

FERTILITY, W.H.O.T.F.0.M.F.T.R.0.M., Contraceptive efficacy of testosterone-induced
azoospermia in normal men. The Lancet, 1990. 336(8721).

Fennell, C., G. Sartorius, L.P. Ly, L. Turner, P.Y. Liu, AJ. Conway, and D.J. Handelsman,
Randomized cross-over clinical trial of injectable vs. implantable depot testosterone for
maintenance of testosterone replacement therapy in androgen deficient men. Clin Endocrinol
(Oxf), 2010. 73(1): p. 102-9.

Bassil, N., S. Alkaade, and J.E. Morley, The benefits and risks of testosterone replacement
therapy: a review. Ther Clin Risk Manag, 2009. 5(3): p. 427-48.

Nieschlag, E., R. Swerdloff, H.M. Behre, L.J. Gooren, J.M. Kaufman, J.J. Legros, B. Lunenfeld, J.E.
Morley, C. Schulman, C. Wang, W. Weidner, F.C. Wu, A. International Society of, M.
International Society for the Study of the Aging, and U. European Association of, Investigation,
treatment and monitoring of late-onset hypogonadism in males. ISA, ISSAM, and EAU
recommendations. Eur Urol, 2005. 48(1): p. 1-4.

Kelleher, S., AJ. Conway, and D.J. Handelsman, Blood testosterone threshold for androgen
deficiency symptoms. J Clin Endocrinol Metab, 2004. 89(8): p. 3813-7.

Spitzer, M., G. Huang, S. Basaria, T.G. Travison, and S. Bhasin, Risks and benefits of testosterone
therapy in older men. Nat Rev Endocrinol, 2013. 9(7): p. 414-24.

Handelsman, D.J., Pharmacoepidemiology of testosterone prescribing in Australia, 1992-2010.
Med J Aust, 2012. 196(10): p. 642-5.

Handelsman, D.J., Global trends in testosterone prescribing, 2000-2011: expanding the spectrum
of prescription drug misuse. Med J Aust, 2013. 199(8): p. 548-51.

Gan, E.H., S. Pattman, S. Pearce, and R. Quinton, Many men are receiving unnecessary
testosterone prescriptions. BMJ, 2012. 345.

-239-



195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.
209.

210.

211.

212.

213.

Gooren, L.J. and H.M. Behre, Diagnosing and treating testosterone deficiency in different parts
of the world: changes between 2006 and 2010. Aging Male, 2012. 15(1): p. 22-7.

Bolona, E.R., M.V. Uraga, R.M. Haddad, M.J. Tracz, K. Sideras, C.C. Kennedy, S.M. Caples, P.J.
Erwin, and V.M. Montori, Testosterone use in men with sexual dysfunction: a systematic review
and meta-analysis of randomized placebo-controlled trials. Mayo Clin Proc, 2007. 82(1): p. 20-8.

Schiavi, R.C. and D. White, Androgens and male sexual function: a review of human studies. J Sex
Marital Ther, 1976. 2(3): p. 214-28.

Buvat, J., M. Maggi, L. Gooren, A.T. Guay, J. Kaufman, A. Morgentaler, C. Schulman, H.M. Tan,
L.O. Torres, A. Yassin, and M. Zitzmann, Endocrine Aspects of Male Sexual Dysfunctions. The
Journal of Sexual Medicine, 2010. 7(4pt2): p. 1627-1656.

MclLachlan, R.l., N.G. Wreford, L. O'Donnell, D.M. de Kretser, and D.M. Robertson, The
endocrine regulation of spermatogenesis: independent roles for testosterone and FSH. Journal of
Endocrinology, 1996. 148(1): p. 1-9.

O'Connor, D.B., D.M. Lee, G. Corona, G. Forti, A. Tajar, T.W. O'Neill, N. Pendleton, G. Bartfai, S.
Boonen, F.F. Casanueva, J.D. Finn, A. Giwercman, T.S. Han, I.T. Huhtaniemi, K. Kula, F. Labrie,
M.E. Lean, M. Punab, A.J. Silman, D. Vanderschueren, F.C. Wu, and G. European Male Ageing
Study, The relationships between sex hormones and sexual function in middle-aged and older
European men. J Clin Endocrinol Metab, 2011. 96(10): p. E1577-87.

Zitzmann, M., Testosterone and the brain. Aging Male, 2006. 9(4): p. 195-9.

Khera, M., R.K. Bhattacharya, G. Blick, H. Kushner, D. Nguyen, and M.M. Miner, The effect of
testosterone supplementation on depression symptoms in hypogonadal men from the Testim
Registry in the US (TRiUS). Aging Male, 2012. 15(1): p. 14-21.

Travison, T.G., J.E. Morley, A.B. Araujo, A.B. O'Donnell, and J.B. McKinlay, The relationship
between libido and testosterone levels in aging men. ) Clin Endocrinol Metab, 2006. 91(7): p.
2509-13.

Seftel, A.D., R.J. Mack, A.R. Secrest, and T.M. Smith, Restorative increases in serum testosterone
levels are significantly correlated to improvements in sexual functioning. J Androl, 2004. 25(6): p.
963-72.

Bhasin, S., L. Woodhouse, R. Casaburi, A.B. Singh, D. Bhasin, N. Berman, X. Chen, K.E. Yarasheski,
L. Magliano, C. Dzekov, J. Dzekov, R. Bross, J. Phillips, I. Sinha-Hikim, R. Shen, and T.W. Storer,
Testosterone dose-response relationships in healthy young men. Am J Physiol Endocrinol Metab,
2001. 281(6): p. E1172-81.

Bagatell, C.J., J.R. Heiman, J.E. Rivier, and W.J. Bremner, Effects of Endogenous Testosterone and
Estradiol on Sexual-Behavior in Normal Young Men. Journal of Clinical Endocrinology &
Metabolism, 1994. 78(3): p. 711-716.

Conaglen, J.V. and H.M. Conaglen, The effects of treating male hypogonadism on couples' sexual
desire and function. ) Sex Med, 2009. 6(2): p. 456-63.

Magee, R., Deriving opera from operation. Aust N Z J Surg, 1999. 69(9): p. 672-4.

Hatzinger, M., D. Voge, M. Stastny, F. Moll, and M. Sohn, Castrati Singers—All for Fame. The
Journal of Sexual Medicine, 2012. 9(9): p. 2233-2237.

Gruenewald, D.A. and A.M. Matsumoto, Testosterone Supplementation Therapy for Older Men:
Potential Benefits and Risks. Journal of the American Geriatrics Society, 2003. 51(1): p. 101-115.

Wang, C., R.S. Swerdloff, A. Iranmanesh, A. Dobs, P.J. Snyder, G. Cunningham, A.M. Matsumoto,
T. Weber, N. Berman, and G. Testosterone Gel Study, Transdermal testosterone gel improves
sexual function, mood, muscle strength, and body composition parameters in hypogonadal men.
J Clin Endocrinol Metab, 2000. 85(8): p. 2839-53.

O'Carroll, R. and J. Bancroft, Testosterone therapy for low sexual interest and erectile
dysfunction in men: a controlled study. Br J Psychiatry, 1984. 145: p. 146-51.

Isidori, A.M., E. Giannetta, D. Gianfrilli, E.A. Greco, V. Bonifacio, A. Aversa, A. Isidori, A. Fabbri,
and A. Lenzi, Effects of testosterone on sexual function in men: results of a meta-analysis. Clin
Endocrinol (Oxf), 2005. 63(4): p. 381-94.

-240 -



214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224,

225.

226.

227.

228.

229.

230.

231.

232.

Anderson, R.A,, J. Bancroft, and F.C. Wu, The effects of exogenous testosterone on sexuality and
mood of normal men. J Clin Endocrinol Metab, 1992. 75(6): p. 1503-7.

Schiavi, R.C., D. White, J. Mandeli, and A.C. Levine, Effect of testosterone administration on
sexual behavior and mood in men with erectile dysfunction. Arch Sex Behav, 1997. 26(3): p. 231-
41.

Salom, M.G. and J.M. Jabaloyas, [Testosterone deficit syndrome and erectile dysfunction]. Arch
Esp Urol, 2010. 63(8): p. 663-70.

Bancroft, J. and F.C. Wu, Changes in erectile responsiveness during androgen replacement
therapy. Arch Sex Behav, 1983. 12(1): p. 59-66.

Kwan, M., W.J. Greenleaf, J. Mann, L. Crapo, and J.M. Davidson, The nature of androgen action
on male sexuality: a combined laboratory-self-report study on hypogonadal men. J Clin
Endocrinol Metab, 1983. 57(3): p. 557-62.

Kwan, M., J. VanMaasdam, and J.M. Davidson, Effects of estrogen treatment on sexual behavior
in male-to-female transsexuals: experimental and clinical observations. Arch Sex Behav, 1985.
14(1): p. 29-40.

Rhoden, E.L., C. Teloken, R. Mafessoni, and C.A. Vargas Souto, Is there any relation between
serum levels of total testosterone and the severity of erectile dysfunction? International Journal
of Impotence Research, 2002. 14(3): p. 167-171.

Martin, S., E. Atlantis, D. Wilson, K. Lange, M.T. Haren, A. Taylor, G. Wittert, and S. Members of
the Florey Adelaide Male Ageing, Clinical and biopsychosocial determinants of sexual
dysfunction in middle-aged and older Australian men. ) Sex Med, 2012. 9(8): p. 2093-103.
Schiavi, R.C., D.M. Davis, M. Fogel, D. White, A. Edwards, G. Igel, R. Szechter, and C. Fisher,
Luteinizing hormone and testosterone during nocturnal sleep: relation to penile tumescent
cycles. Arch Sex Behav, 1977. 6(2): p. 97-104.

Schiavi, R.C., C. Fisher, D. White, P. Beers, and R. Szechter, Pituitary-gonadal function during
sleep in men with erectile impotence and normal controls. Psychosom Med, 1984. 46(3): p. 239-
54.

Fenwick, P.B., S. Mercer, R. Grant, M. Wheeler, N. Nanjee, B. Toone, and D. Brown, Nocturnal
penile tumescence and serum testosterone levels. Arch Sex Behav, 1986. 15(1): p. 13-21.

Burris, A.S., S.M. Banks, C.S. Carter, J.M. Davidson, and R.J. Sherins, A long-term, prospective
study of the physiologic and behavioral effects of hormone replacement in untreated
hypogonadal men. ) Androl, 1992. 13(4): p. 297-304.

Carani, C., A. Scuteri, P. Marrama, and J. Bancroft, The effects of testosterone administration
and visual erotic stimuli on nocturnal penile tumescence in normal men. Horm Behav, 1990.
24(3): p. 435-41.

Buena, F., R.S. Swerdloff, B.S. Steiner, P. Lutchmansingh, M.A. Peterson, M.R. Pandian, M.
Galmarini, and S. Bhasin, Sexual function does not change when serum testosterone levels are
pharmacologically varied within the normal male range. Fertil Steril, 1993. 59(5): p. 1118-23.
Granata, A.R., V. Rochira, A. Lerchl, P. Marrama, and C. Carani, Relationship between sleep-
related erections and testosterone levels in men. J Androl, 1997. 18(5): p. 522-7.

Cunningham, G.R., M. Hirshkowitz, S.G. Korenman, and |. Karacan, Testosterone replacement
therapy and sleep-related erections in hypogonadal men. J Clin Endocrinol Metab, 1990. 70(3):
p. 792-7.

Svartberg, J., U. Aasebo, A. Hjalmarsen, J. Sundsfjord, and R. Jorde, Testosterone treatment
improves body composition and sexual function in men with COPD, in a 6-month randomized
controlled trial. Respir Med, 2004. 98(9): p. 906-13.

Janowsky, J.S., The role of androgens in cognition and brain aging in men. Neuroscience, 2006.
138(3): p. 1015-20.

Ackermann, S., K. Spalek, B. Rasch, L. Gschwind, D. Coynel, M. Fastenrath, A. Papassotiropoulos,
and D.J. de Quervain, Testosterone levels in healthy men are related to amygdala reactivity and
memory performance. Psychoneuroendocrinology, 2012. 37(9): p. 1417-24.

- 241 -



233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243,

244,

245,

246.

247.

248.

249,

250.

Cherrier, M.M.,, P.R. Borghesani, A.L. Shelton, and C.S. Higano, Changes in neuronal activation
patterns in response to androgen deprivation therapy: a pilot study. BMC Cancer, 2010. 10: p. 1.
Moffat, S.D. and S.M. Resnick, Long-term measures of free testosterone predict regional cerebral
blood flow patterns in elderly men. Neurobiol Aging, 2007. 28(6): p. 914-20.

Azad, N., S. Pitale, W.E. Barnes, and N. Friedman, Testosterone treatment enhances regional
brain perfusion in hypogonadal men. J Clin Endocrinol Metab, 2003. 88(7): p. 3064-8.

Moffat, S.D., A.B. Zonderman, E.J. Metter, M.R. Blackman, S.M. Harman, and S.M. Resnick,
Longitudinal assessment of serum free testosterone concentration predicts memory
performance and cognitive status in elderly men. J Clin Endocrinol Metab, 2002. 87(11): p. 5001-
7.

Fonda, S.J., R. Bertrand, A. O'Donnell, C. Longcope, and J.B. McKinlay, Age, hormones, and
cognitive functioning among middle-aged and elderly men: cross-sectional evidence from the
Massachusetts Male Aging Study. ) Gerontol A Biol Sci Med Sci, 2005. 60(3): p. 385-90.
Matousek, R.H. and B.B. Sherwin, Sex steroid hormones and cognitive functioning in healthy,
older men. Horm Behav, 2010. 57(3): p. 352-9.

Muller, M., A. Aleman, D.E. Grobbee, E.H. de Haan, and Y.T. van der Schouw, Endogenous sex
hormone levels and cognitive function in aging men: is there an optimal level? Neurology, 2005.
64(5): p. 866-71.

Barrett-Connor, E., D. Goodman-Gruen, and B. Patay, Endogenous sex hormones and cognitive
function in older men. J Clin Endocrinol Metab, 1999. 84(10): p. 3681-5.

Moffat, S.D. and E. Hampson, A curvilinear relationship between testosterone and spatial
cognition in humans: possible influence of hand preference. Psychoneuroendocrinology, 1996.
21(3): p. 323-37.

Young, L.A., M.B. Neiss, M.H. Samuels, C.E. Roselli, and J.S. Janowsky, Cognition is not modified
by large but temporary changes in sex hormones in men. ) Clin Endocrinol Metab, 2010. 95(1): p.
280-8.

Vaughan, C., F.C. Goldstein, and J.L. Tenover, Exogenous testosterone alone or with finasteride
does not improve measurements of cognition in healthy older men with low serum testosterone.
J Androl, 2007. 28(6): p. 875-82.

Moller, M.C., A.F. Radestad, B. von Schoultz, and A. Bartfai, Effect of estrogen and testosterone
replacement therapy on cognitive fatigue. Gynecol Endocrinol, 2013. 29(2): p. 173-6.

Cherrier, M.M., S. Plymate, S. Mohan, S. Asthana, A.M. Matsumoto, W. Bremner, E. Peskind, M.
Raskind, S. Latendresse, A.P. Haley, and S. Craft, Relationship between testosterone
supplementation and insulin-like growth factor-1 levels and cognition in healthy older men.
Psychoneuroendocrinology, 2004. 29(1): p. 65-82.

Janowsky, J.S., S.K. Oviatt, and E.S. Orwoll, Testosterone influences spatial cognition in older
men. Behav Neurosci, 1994. 108(2): p. 325-32.

Cherrier, M.M., S. Craft, and A.H. Matsumoto, Cognitive changes associated with
supplementation of testosterone or dihydrotestosterone in mildly hypogonadal men: a
preliminary report. J Androl, 2003. 24(4): p. 568-76.

Cherrier, M.M., A.M. Matsumoto, J.K. Amory, M. Johnson, S. Craft, E.R. Peskind, and M.A.
Raskind, Characterization of verbal and spatial memory changes from moderate to
supraphysiological  increases in  serum  testosterone in  healthy older men.
Psychoneuroendocrinology, 2007. 32(1): p. 72-9.

Wolf, O.T., R. Preut, D.H. Hellhammer, B.M. Kudielka, T.H. Schurmeyer, and C. Kirschbaum,
Testosterone and cognition in elderly men: a single testosterone injection blocks the practice
effect in verbal fluency, but has no effect on spatial or verbal memory. Biol Psychiatry, 2000.
47(7): p. 650-4.

Kanayama, G., J.I. Hudson, and H.G. Pope, Ir., lllicit anabolic-androgenic steroid use. Horm
Behav, 2010. 58(1): p. 111-21.

-242 -



251.

252,

253.

254,

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

Talih, F., O. Fattal, and D. Malone, Jr., Anabolic steroid abuse: psychiatric and physical costs.
Cleve Clin J Med, 2007. 74(5): p. 341-4, 346, 349-52.

Kanayama, G., J. Kean, J.I. Hudson, and H.G. Pope, Jr., Cognitive deficits in long-term anabolic-
androgenic steroid users. Drug Alcohol Depend, 2013. 130(1-3): p. 208-14.

Dunbar, N., C. Gruman, S. Reisine, and A. Kenny, Comparison of two health status measures and
their associations with testosterone levels in older men. Aging Male, 2001. 4(1): p. 1-7.

English, K.M., R.P. Steeds, T.H. Jones, M.J. Diver, and K.S. Channer, Low-dose transdermal
testosterone therapy improves angina threshold in men with chromic stable angina: A
randomized, double-blind, placebo-controlled study. Circulation, 2000. 102(16): p. 1906-1911.
Mitkov, M.D., LY. Aleksandrova, and M.M. Orbetzova, Effect of transdermal testosterone or
alpha-lipoic acid on erectile dysfunction and quality of life in patients with type 2 diabetes
mellitus. Folia Med (Plovdiv), 2013. 55(1): p. 55-63.

Reddy, P., C.M. White, A.B. Dunn, N.M. Moyna, and P.D. Thompson, The effect of testosterone
on health-related quality of life in elderly males - a pilot study. J Clin Pharm Ther, 2000. 25(6): p.
421-6.

Kenny, A.M., S. Bellantonio, C.A. Gruman, R.D. Acosta, and K.M. Prestwood, Effects of
transdermal testosterone on cognitive function and health perception in older men with low
bioavailable testosterone levels. ) Gerontol A Biol Sci Med Sci, 2002. 57(5): p. M321-5.

Gordon, C., D.J. Wallace, S. Shinada, K.C. Kalunian, L. Forbess, G.D. Braunstein, and M.H.
Weisman, Testosterone patches in the management of patients with mild/moderate systemic
lupus erythematosus. Rheumatology (Oxford), 2008. 47(3): p. 334-8.

Andrade, E.S., Jr., R. Clapauch, and S. Buksman, Short term testosterone replacement therapy
improves libido and body composition. Arq Bras Endocrinol Metabol, 2009. 53(8): p. 996-1004.
Liu, P.Y., B. Yee, S.M. Wishart, M. Jimenez, D.G. Jung, R.R. Grunstein, and D.J. Handelsman, The
short-term effects of high-dose testosterone on sleep, breathing, and function in older men.
Journal of Clinical Endocrinology and Metabolism, 2003. 88(8): p. 3605-3613.

Wu, F.C. and A. von Eckardstein, Androgens and coronary artery disease. Endocr Rev, 2003.
24(2): p. 183-217.

Barrett-Connor, E.L., Testosterone and risk factors for cardiovascular disease in men. Diabete et
Metabolisme, 1995. 21(3): p. 156-161.

Liu, P.Y., A.K. Death, and D.J. Handelsman, Androgens and cardiovascular disease. Endocrine
Reviews, 2003. 24(3): p. 313-340.

Carson, C.C., 3rd and G. Rosano, Exogenous testosterone, cardiovascular events, and
cardiovascular risk factors in elderly men: a review of trial data. ) Sex Med, 2012. 9(1): p. 54-67.
Corona, G., G. Rastrelli, M. Monami, A. Guay, J. Buvat, A. Sforza, G. Forti, E. Mannucci, and M.
Maggi, Hypogonadism as a risk factor for cardiovascular mortality in men: a meta-analytic
study. Eur ) Endocrinol, 2011. 165(5): p. 687-701.

Fernandez-Balsells, M.M., M.H. Murad, M. Lane, J.F. Lampropulos, F. Albuguerque, R.J. Mullan,
N. Agrwal, M.B. Elamin, J.F. Gallegos-Orozco, A.T. Wang, P.J. Erwin, S. Bhasin, and V.M. Montori,
Clinical review 1: Adverse effects of testosterone therapy in adult men: a systematic review and
meta-analysis. ) Clin Endocrinol Metab, 2010. 95(6): p. 2560-75.

Ruige, J.B., A.M. Mahmoud, D. De Bacquer, and J.M. Kaufman, Endogenous testosterone and
cardiovascular disease in healthy men: a meta-analysis. Heart, 2011. 97(11): p. 870-5.

Vigen, R., C.I. O'Donnell, A.E. Barén, G.K. Grunwald, T.M. Maddox, S.M. Bradley, A. Barqawi, G.
Woning, M.E. Wierman, M.E. Plomondon, J.S. Rumsfeld, and P.M. Ho, Association of
testosterone therapy with mortality, myocardial infarction, and stroke in men with low
testosterone levels. JAMA - Journal of the American Medical Association, 2013. 310(17): p. 1829-
1836.

Tirabassi, G., A. Gioia, L. Giovannini, M. Boscaro, G. Corona, A. Carpi, M. Maggi, and G. Balercia,
Testosterone and cardiovascular risk. Intern Emerg Med, 2013. 8 Suppl 1: p. S65-9.

-243 -



270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

284.

Basaria, S., A.D. Coviello, T.G. Travison, T.W. Storer, W.R. Farwell, A.M. Jette, R. Eder, S.
Tennstedt, J. Ulloor, A.Q. Zhang, K. Choong, K.M. Lakshman, N.A. Mazer, R. Miciek, J. Krasnoff,
A. Elmi, P.E. Knapp, B. Brooks, E. Appleman, S. Aggarwal, G. Bhasin, L. Hede-Brierley, A. Bhatia,
L. Collins, N. LeBrasseur, L.D. Fiore, and S. Bhasin, Adverse Events Associated with Testosterone
Administration. New England Journal of Medicine, 2010. 363(2): p. 109-122.

Xu, L., G. Freeman, B.J. Cowling, and C.M. Schooling, Testosterone therapy and cardiovascular
events among men: a systematic review and meta-analysis of placebo-controlled randomized
trials. BMC Med, 2013. 11: p. 108.

Sullivan, M.L., C.M. Martinez, P. Gennis, and E.J. Gallagher, The cardiac toxicity of anabolic
steroids. Prog Cardiovasc Dis, 1998. 41(1): p. 1-15.

Haddad, R.M., C.C. Kennedy, S.M. Caples, M.J. Tracz, E.R. Bolona, K. Sideras, M.V. Uraga, P.J.
Erwin, and V.M. Montori, Testosterone and cardiovascular risk in men: a systematic review and
meta-analysis of randomized placebo-controlled trials. Mayo Clin Proc, 2007. 82(1): p. 29-39.
Issa, F.G. and C.E. Sullivan, Upper airway closing pressures in obstructive sleep apnea. Journal of
Applied Physiology, 1984. 57(2): p. 520-527.

Shepertycky, M.R., K. Banno, and M.H. Kryger, Differences between men and women in the
clinical presentation of patients diagnosed with obstructive sleep apnea syndrome. Sleep, 2005.
28(3): p. 309-314.

Sleep-related breathing disorders in adults: recommendations for syndrome definition and
measurement techniques in clinical research. The Report of an American Academy of Sleep
Medicine Task Force. Sleep, 1999. 22(5): p. 667-89.

Krakow, B., D. Melendrez, T.D. Warner, J.0. Clark, B.N. Sisley, R. Dorin, R.M. Harper, L.K.
Leahigh, S.A. Lee, D. Sklar, and M. Hollifield, Signs and symptoms of sleep-disordered breathing
in trauma survivors - A matched comparison with classic sleep apnea patients. Journal of
Nervous and Mental Disease, 2006. 194(6): p. 433-439.

Hoffstein, V. and J.P. Szalai, Predictive Value of Clinical-Features in Diagnosing Obstructive Sleep-
Apnea. Sleep, 1993. 16(2): p. 118-122.

International Classification of Sleep Disorders: Diagnostic and Coding Manual. 2nd Edition ed.
2005: American Academy of Sleep Medicine.

Chesson, A.L., R.A. Ferber, J.M. Fry, M. GriggDamberger, K.M. Hartse, T.D. Hurwitz, S. Johnson,
M. Littner, G.A. Kader, G. Rosen, R.B. Sangal, W. SchmidtNowara, and A. Sher, Practice
parameters for the indications for polysomnography and related procedures. Sleep, 1997. 20(6):
p. 406-422.

Kushida, C.A., M.R. Littner, T. Morgenthaler, C.A. Alessi, D. Bailey, J. Coleman, L. Friedman, M.
Hirshkowitz, S. Kapen, M. Kramer, T. Lee-Chiong, D.L. Loube, J. Owens, J.P. Pancer, and M. Wise,
Practice parameters for the indications for polysomnography and related procedures: An update
for 2005. Sleep, 2005. 28(4): p. 499-521.

Berry, R.B., R. Budhiraja, D.J. Gottlieb, D. Gozal, C. Iber, V.K. Kapur, C.L. Marcus, R. Mehra, S.
Parthasarathy, S.F. Quan, S. Redline, K.P. Strohl, S.L. Davidson Ward, M.M. Tangredi, and M.
American Academy of Sleep, Rules for scoring respiratory events in sleep: update of the 2007
AASM Manual for the Scoring of Sleep and Associated Events. Deliberations of the Sleep Apnea
Definitions Task Force of the American Academy of Sleep Medicine. ) Clin Sleep Med, 2012. 8(5):
p. 597-619.

Rosen, C.L., D. Auckley, R. Benca, N. Foldvary-Schaefer, C. Iber, V. Kapur, M. Rueschman, P. Zee,
and S. Redline, A multisite randomized trial of portable sleep studies and positive airway
pressure autotitration versus laboratory-based polysomnography for the diagnosis and
treatment of obstructive sleep apnea: the HomePAP study. Sleep, 2012. 35(6): p. 757-67.
Thornton, A.T., P. Singh, W.R. Ruehland, and P.D. Rochford, AASM Criteria for Scoring
Respiratory Events: Interaction between Apnea Sensor and Hypopnea Definition. Sleep, 2012.
35(3): p. 425-432.

- 244 -



285.

286.

287.

288.

289.

290.

291.

292,

293.

294,

295.

296.

297.

298.

299.

300.

301.

Ruehland, W.R., P.D. Rochford, F.J. O'Donoghue, R.J. Pierce, P. Singh, and A.T. Thornton, The
New AASM Criteria for Scoring Hypopneas: Impact on the Apnea Hypopnea Index. Sleep, 2009.
32(2): p. 150-157.

Young, T., M. Palta, J. Dempsey, J. Skatrud, S. Weber, and S. Badr, The Occurrence of Sleep-
Disordered Breathing among Middle-Aged Adults. New England Journal of Medicine, 1993.
328(17): p. 1230-1235.

Peppard, P.E., T. Young, J.H. Barnet, M. Palta, E.W. Hagen, and K.M. Hla, Increased Prevalence of
Sleep-Disordered Breathing in Adults. American Journal of Epidemiology, 2013. 177(9): p. 1006-
1014.

Andries, D., A. Delaloye, F. Bastardot, P. Vollenweider, M. Tafti, R. Heinzer, and J. Haba-Rubio,
Comparison of Two Criteria for Scoring Hypopneas: Impact on the Prevalence of Osa in the
General Population. Sleep, 2010. 33: p. A364-A364.

Heatley EM, H.M., Battersby M, McEvoy RD, Chai-Coetzer CL, Antic NA, Obstructive sleep
apnoea in adults: A common chronic condition in need of a comprehensive chronic condition
management approach. Sleep Med Rev, 2013. in press.

Peppard, P.E., T. Young, M. Palta, J. Dempsey, and J. Skatrud, Longitudinal study of moderate
weight change and sleep-disordered breathing. JAMA, 2000. 284(23): p. 3015-21.

Franklin, K.A., C. Sahlin, H. Stenlund, and E. Lindberg, Sleep apnoea is a common occurrence in
females. Eur Respir J, 2013. 41(3): p. 610-5.

Finucane, M.M., G.A. Stevens, M.J. Cowan, G. Danaei, J.K. Lin, C.J. Paciorek, G.M. Singh, H.R.
Gutierrez, Y.A. Lu, A.N. Bahalim, F. Farzadfar, L.M. Riley, M. Ezzati, and G.B.M.R.F. C, National,
regional, and global trends in body-mass index since 1980: systematic analysis of health
examination surveys and epidemiological studies with 960 country-years and 9.1 million
participants. Lancet, 2011. 377(9765): p. 557-567.

ABS, Australian health survey: First results, 2011-12, in ABS cat. no. 4364.0.55.001., A.B.o.
Statistics, Editor. 2012, Australian Bureau of Statistics: Canberra.

Flegal, K.M., M.D. Carroll, B.K. Kit, and C.L. Ogden, Prevalence of Obesity and Trends in the
Distribution of Body Mass Index Among US Adults, 1999-2010. Jama-Journal of the American
Medical Association, 2012. 307(5): p. 491-497.

Young, T., E. Shahar, F.J. Nieto, S. Redline, A.B. Newman, D.J. Gottlieb, J.A. Walsleben, L. Finn, P.
Enright, J.M. Samet, and G. Sleep Heart Health Study Research, Predictors of sleep-disordered
breathing in community-dwelling adults: the Sleep Heart Health Study. Arch Intern Med, 2002.
162(8): p. 893-900.

Bixler, E.O., A.N. Vgontzas, T. Ten Have, K. Tyson, and A. Kales, Effects of age on sleep apnea in
men |. Prevalence and severity. American Journal of Respiratory and Critical Care Medicine,
1998. 157(1): p. 144-148.

Duran, J., S. Esnaola, R. Rubio, and A. lztueta, Obstructive sleep apnea-hypopnea and related
clinical features in a population-based sample of subjects aged 30 to 70 yr. Am J Respir Crit Care
Med, 2001. 163(3 Pt 1): p. 685-9.

Ancoli-Israel, S., D.F. Kripke, M.R. Klauber, W.J. Mason, R. Fell, and O. Kaplan, Sleep-disordered
breathing in community-dwelling elderly. Sleep, 1991. 14(6): p. 486-95.

Young, T., P.E. Peppard, and D.). Gottlieb, Epidemiology of obstructive sleep apnea - A
population health perspective. American Journal of Respiratory and Critical Care Medicine,
2002. 165(9): p. 1217-1239.

Marshall, N.S., K.K. Wong, P.Y. Liu, S.R. Cullen, M.W. Knuiman, and R.R. Grunstein, Sleep apnea
as an independent risk factor for all-cause mortality: the Busselton Health Study. Sleep, 2008.
31(8): p. 1079-85.

Davies, R.J.0. and J.R. Stradling, The Relationship between Neck Circumference, Radiographic
Pharyngeal Anatomy, and the Obstructive Sleep-Apnea Syndrome. European Respiratory
Journal, 1990. 3(5): p. 509-514.

- 245 -



302.

303.

304.

305.

306.

307.

308.

309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

319.

320.

321.

Brouillette, R.T., S.K. Fernbach, and C.E. Hunt, Obstructive Sleep-Apnea in Infants and Children.
Journal of Pediatrics, 1982. 100(1): p. 31-40.

Lowe, A.A., T. Ono, K.A. Ferguson, E.K. Pae, C.F. Ryan, and J.A. Fleetham, Cephalometric
comparisons of craniofacial and upper airway structure by skeletal subtype and gender in
patients with obstructive sleep apnea. American Journal of Orthodontics and Dentofacial
Orthopedics, 1996. 110(6): p. 653-664.

Issa, F.G. and C.E. Sullivan, Alcohol, Snoring and Sleep-Apnea. Journal of Neurology
Neurosurgery and Psychiatry, 1982. 45(4): p. 353-359.

Young, T., L. Finn, H. Kim, M. Palta, J. Dempsey, J. Skatrud, S. Badr, S. Weber, W. Busse, A.
Jacques, and L. Evans, Nasal obstruction as a risk factor for sleep-disordered breathing. Journal
of Allergy and Clinical Immunology, 1997. 99(2): p. S757-S762.

Young, T., J. Skatrud, and P.E. Peppard, Risk factors for obstructive sleep apnea in adults. Jama-
Journal of the American Medical Association, 2004. 291(16): p. 2013-2016.

Bixler, E.O., A.N. Vgontzas, H.M. Lin, T. Ten Have, J. Rein, A. Vela-Bueno, and A. Kales,
Prevalence of sleep-disordered breathing in women - Effects of gender. American Journal of
Respiratory and Critical Care Medicine, 2001. 163(3): p. 608-613.

Edwards, N., P.G. Middleton, D.M. Blyton, and C.E. Sullivan, Sleep disordered breathing and
pregnancy. Thorax, 2002. 57(6): p. 555-558.

Baker, F.C. and H.S. Driver, Self-reported sleep across the menstrual cycle in young, healthy
women. ) Psychosom Res, 2004. 56(2): p. 239-43.

Cistulli, P.A., D.J. Barnes, R.R. Grunstein, and C.E. Sullivan, Effect of Short-Term Hormone
Replacement in the Treatment of Obstructive Sleep-Apnea in Postmenopausal Women. Thorax,
1994. 49(7): p. 699-702.

Dexter, D.D. and E.J. Dovre, Obstructive Sleep Apnea Due to Endogenous Testosterone
Production in a Woman. Mayo Clinic Proceedings, 1998. 73(3): p. 246-248.

Young, T., L. Finn, P.E. Peppard, M. Szklo-Coxe, D. Austin, F.J. Nieto, R. Stubbs, and K.M. Hla,
Sleep disordered breathing and mortality: eighteen-year follow-up of the Wisconsin sleep cohort.
Sleep, 2008. 31(8): p. 1071-8.

Marin, J.M., S.J. Carrizo, E. Vicente, and A.G. Agusti, Long-term cardiovascular outcomes in men
with obstructive sleep apnoea-hypopnoea with or without treatment with continuous positive
airway pressure: an observational study. Lancet, 2005. 365(9464): p. 1046-53.
Campos-Rodriguez, F., M.A. Martinez-Garcia, I. de la Cruz-Moron, C. Almeida-Gonzalez, P.
Catalan-Serra, and J.M. Montserrat, Cardiovascular mortality in women with obstructive sleep
apnea with or without continuous positive airway pressure treatment: a cohort study. Ann
Intern Med, 2012. 156(2): p. 115-22.

Shah, N.A., H.K. Yaggi, J. Concato, and V. Mohsenin, Obstructive sleep apnea as a risk factor for
coronary events or cardiovascular death. Sleep Breath, 2010. 14(2): p. 131-6.

Teran-Santos, J., A. Jimenez-Gomez, and J. Cordero-Guevara, The association between sleep
apnea and the risk of traffic accidents. Cooperative Group Burgos-Santander. N Engl J Med,
1999. 340(11): p. 847-51.

Peppard, P.E., T. Young, M. Palta, and J. Skatrud, Prospective study of the association between
sleep-disordered breathing and hypertension. N Engl ) Med, 2000. 342(19): p. 1378-84.

Bradley, T.D. and J.S. Floras, Obstructive sleep apnoea and its cardiovascular consequences.
Lancet, 2009. 373(9657): p. 82-93.

Reichmuth, K.J., D. Austin, J.B. Skatrud, and T. Young, Association of sleep apnea and type Il
diabetes: a population-based study. Am J Respir Crit Care Med, 2005. 172(12): p. 1590-5.

Levy, P., M.R. Bonsignore, and J. Eckel, Sleep, sleep-disordered breathing and metabolic
consequences. Eur Respir J, 2009. 34(1): p. 243-60.

Tasali, E., B. Mokhlesi, and E. Van Cauter, Obstructive sleep apnea and type 2 diabetes:
interacting epidemics. Chest, 2008. 133(2): p. 496-506.

- 246 -



322.

323.

324.

325.
326.

327.

328.

329.

330.

331.

332.

333.

334.

335.

336.

337.

338.

339.

340.

341.

342.

Gottlieb, D.J., C.W. Whitney, W.H. Bonekat, C. Iber, G.D. James, M. Lebowitz, F.J. Nieto, and C.E.
Rosenberg, Relation of sleepiness to respiratory disturbance index: the Sleep Heart Health Study.
Am J Respir Crit Care Med, 1999. 159(2): p. 502-7.

Krieger, J., Assessment of the Sleepy Patient, in Breathing Disorders in Sleep, W.P.E. McNicholas,
Editor. 2001, Elsevier Health Sciences.

Johns, M\W., A New Method for Measuring Daytime Sleepiness - the Epworth Sleepiness Scale.
Sleep, 1991. 14(6): p. 540-545.

Johns, M., Rethinking the assessment of sleepiness. Sleep Med Rev, 1998. 2(1): p. 3-15.
Akerstedt, T. and M. Gillberg, Subjective and objective sleepiness in the active individual. Int )
Neurosci, 1990. 52(1-2): p. 29-37.

Kaida, K., M. Takahashi, T. Akerstedt, A. Nakata, Y. Otsuka, T. Haratani, and K. Fukasawa,
Validation of the Karolinska sleepiness scale against performance and EEG variables. Clinical
Neurophysiology, 2006. 117(7): p. 1574-1581.

Hoddes, E., V. Zarcone, and W. Dement, Development and Use of Stanford Sleepiness Scale (Sss).
Psychophysiology, 1972. 9(1): p. 150-&.

Hoddes, E., V. Zarcone, H. Smythe, R. Phillips, and W.C. Dement, Quantification of Sleepiness -
New Approach. Psychophysiology, 1973. 10(4): p. 431-436.

Baldwin, C.M., K.A. Griffith, F.J. Nieto, G.T. O'Connor, J.A. Walsleben, and S. Redline, The
association of sleep-disordered breathing and sleep symptoms with quality of life in the Sleep
Heart Health Study. Sleep, 2001. 24(1): p. 96-105.

Reimer, M.A. and W.W. Flemons, Quality of life in sleep disorders. Sleep Med Rev, 2003. 7(4): p.
335-49.

Weaver, E.M., B.T. Woodson, and D.L. Steward, Polysomnography indexes are discordant with
quality of life, symptoms, and reaction times in sleep apnea patients. Otolaryngol Head Neck
Surg, 2005. 132(2): p. 255-62.

Ware, J.E., Jr. and C.D. Sherbourne, The MOS 36-item short-form health survey (SF-36). I.
Conceptual framework and item selection. Med Care, 1992. 30(6): p. 473-83.

McHorney, C.A., J.E. Ware, Jr., J.F. Lu, and C.D. Sherbourne, The MOS 36-item Short-Form Health
Survey (SF-36): lll. Tests of data quality, scaling assumptions, and reliability across diverse
patient groups. Med Care, 1994. 32(1): p. 40-66.

Finn, L., T. Young, M. Palta, and D.G. Fryback, Sleep-disordered breathing and self-reported
general health status in the Wisconsin Sleep Cohort Study. Sleep, 1998. 21(7): p. 701-6.

Smith, I.E. and J.M. Shneerson, Is the SF 36 sensitive to sleep disruption? A study in subjects with
sleep apnoea. ) Sleep Res, 1995. 4(3): p. 183-188.

Engleman, H.M. and N.J. Douglas, Sleep. 4: Sleepiness, cognitive function, and quality of life in
obstructive sleep apnoea/hypopnoea syndrome. Thorax, 2004. 59(7): p. 618-22.

Akashiba, T., S. Kawahara, T. Akahoshi, C. Omori, O. Saito, T. Majima, and T. Horie, Relationship
between quality of life and mood or depression in patients with severe obstructive sleep apnea
syndrome. Chest, 2002. 122(3): p. 861-5.

Weaver, T.E., A.M. Laizner, L.K. Evans, G. Maislin, D.K. Chugh, K. Lyon, P.L. Smith, A.R. Schwartz,
S. Redline, A.l. Pack, and D.F. Dinges, An instrument to measure functional status outcomes for
disorders of excessive sleepiness. Sleep, 1997. 20(10): p. 835-43.

Douglas, N., A. Young, T. Roebuck, S. Ho, B.R. Miller, K. Kee, E.J. Dabscheck, and M.T. Naughton,
Prevalence of depression in patients referred with snoring and obstructive sleep apnoea. Intern
Med J, 2013. 43(6): p. 630-4.

Jackson, M.L., M.E. Howard, and M. Barnes, Cognition and daytime functioning in sleep-related
breathing disorders. 2011. p. 53-68.

Guilleminault, C., F.L. Eldridge, A. Tilkian, F.B. Simmons, and W.C. Dement, Sleep apnea
syndrome due to upper airway obstruction: a review of 25 cases. Arch Intern Med, 1977. 137(3):
p. 296-300.

- 247 -



343.

344.

345.

346.

347.

348.

349.

350.

351.

352.

353.

354.

355.

356.

357.

358.

359.

Grunstein, R.R., K. Stenlof, J.A. Hedner, and L. Sjostrom, Impact of self-reported sleep-breathing
disturbances on psychosocial performance in the Swedish Obese Subjects (SOS) Study. Sleep,
1995. 18(8): p. 635-43.

Billmann, S.J. and J.C. Ware, Marital satisfaction of wives of untreated sleep apneic men. Sleep
Med, 2002. 3(1): p. 55-9.

McDaid, C., K.H. Duree, S.C. Griffin, H.L. Weatherly, J.R. Stradling, R.J. Davies, M.J. Sculpher, and
M.E. Westwood, A systematic review of continuous positive airway pressure for obstructive
sleep apnoea-hypopnoea syndrome. Sleep Med Rev, 2009. 13(6): p. 427-36.

Giles, T.L., T.J. Lasserson, B.J. Smith, J. White, J. Wright, and C.). Cates, Continuous positive
airways pressure for obstructive sleep apnoea in adults. Cochrane Database Syst Rev, 2006(1): p.
CD001106.

Martinez-Garcia, M.A,, J.J. Soler-Cataluna, L. Ejarque-Martinez, Y. Soriano, P. Roman-Sanchez,
F.B. Illa, J.M. Canal, and J. Duran-Cantolla, Continuous positive airway pressure treatment
reduces mortality in patients with ischemic stroke and obstructive sleep apnea: a 5-year follow-
up study. Am J Respir Crit Care Med, 2009. 180(1): p. 36-41.

Alajmi, M., A.T. Mulgrew, J. Fox, W. Davidson, M. Schulzer, E. Mak, C.F. Ryan, J. Fleetham, P.
Choi, and N.T. Ayas, Impact of continuous positive airway pressure therapy on blood pressure in
patients with obstructive sleep apnea hypopnea: a meta-analysis of randomized controlled
trials. Lung, 2007. 185(2): p. 67-72.

McEvoy, R.D., C.S. Anderson, N.A. Antic, B. Chen, Q. He, E. Heeley, S. Huang, Y. Huang, J. Wang,
and N. Zhong, The sleep apnea cardiovascular endpoints (SAVE) trial: Rationale and start-up
phase. ) Thorac Dis, 2010. 2(3): p. 138-43.

DiMatteo, M.R., Variations in patients' adherence to medical recommendations: a quantitative
review of 50 years of research. Med Care, 2004. 42(3): p. 200-9.

Weaver, T.E., G. Maislin, D.F. Dinges, T. Bloxham, C.F. George, H. Greenberg, G. Kader, M.
Mahowald, J. Younger, and A.l. Pack, Relationship between hours of CPAP use and achieving
normal levels of sleepiness and daily functioning. Sleep, 2007. 30(6): p. 711-9.

Weaver, T.E. and R.R. Grunstein, Adherence to continuous positive airway pressure therapy: the
challenge to effective treatment. Proc Am Thorac Soc, 2008. 5(2): p. 173-8.

Yang, Q., C.L. Phillips, K.L. Melehan, N.L. Rogers, J.P. Seale, and R.R. Grunstein, Effects of short-
term CPAP withdrawal on neurobehavioral performance in patients with obstructive sleep
apnea. Sleep, 2006. 29(4): p. 545-52.

Khafagy, A.H. and A.H. Khafagy, Treatment of obstructive sleep apnoea as a therapeutic
modality for associated erectile dysfunction. International Journal of Clinical Practice, 2012.
66(12): p. 1204-1208.

Baron, K.G., T.W. Smith, L.A. Czajkowski, H.E. Gunn, and C.R. Jones, Relationship quality and
CPAP adherence in patients with obstructive sleep apnea. Behav Sleep Med, 2009. 7(1): p. 22-
36.

Baron, K.G., T.W. Smith, C.A. Berg, L.A. Czajkowski, H. Gunn, and C.R. Jones, Spousal
involvement in CPAP adherence among patients with obstructive sleep apnea. Sleep and
Breathing, 2011. 15(3): p. 525-534.

Gagnadoux, F., M. Le Vaillant, F. Goupil, T. Pigeanne, S. Chollet, P. Masson, M.P. Humeau, A.
Bizieux-Thaminy, N. Meslier, and l.s.c. group, Influence of marital status and employment status
on long-term adherence with continuous positive airway pressure in sleep apnea patients. PLoS
One, 2011. 6(8): p. €22503.

Cartwright, R., Sleeping together: a pilot study of the effects of shared sleeping on adherence to
CPAP treatment in obstructive sleep apnea. ) Clin Sleep Med, 2008. 4(2): p. 123-7.

Kushida, C.A., D.A. Nichols, T.H. Holmes, S.F. Quan, J.K. Walsh, D.J. Gottlieb, R.D. Simon, Jr., C.
Guilleminault, D.P. White, J.L. Goodwin, P.K. Schweitzer, E.B. Leary, P.R. Hyde, M. Hirshkowitz,
S. Green, L.K. McEvoy, C. Chan, A. Gevins, G.G. Kay, D.A. Bloch, T. Crabtree, and W.C. Dement,
Effects of continuous positive airway pressure on neurocognitive function in obstructive sleep

-248 -



360.

361.

362.

363.

364.

365.

366.

367.

368.

369.

370.

371.

372.

373.

374.

apnea patients: The Apnea Positive Pressure Long-term Efficacy Study (APPLES). Sleep, 2012.
35(12): p. 1593-602.

Benkert, O., W. Witt, W. Adam, and A. Leitz, Effects of testosterone undecanoate on sexual
potency and the hypothalamic-pituitary-gonadal axis of impotent males. Arch Sex Behav, 1979.
8(6): p. 471-9.

Engleman, H.M., R.N. Kingshott, P.K. Wraith, T.W. Mackay, |.J. Deary, and N.J. Douglas,
Randomized placebo-controlled crossover trial of continuous positive airway pressure for mild
sleep Apnea/Hypopnea syndrome. Am J Respir Crit Care Med, 1999. 159(2): p. 461-7.

Jing, J., T. Huang, W. Cui, and H. Shen, Effect on quality of life of continuous positive airway
pressure in patients with obstructive sleep apnea syndrome: a meta-analysis. Lung, 2008.
186(3): p. 131-44.

Parish, J.M. and P.J. Lyng, Quality of life in bed partners of patients with obstructive sleep apnea
or hypopnea after treatment with continuous positive airway pressure. Chest, 2003. 124(3): p.
942-7.

Montserrat, J.M., M. Ferrer, L. Hernandez, R. Farre, G. Vilagut, D. Navajas, J.R. Badia, E.
Carrasco, J. De Pablo, and E. Ballester, Effectiveness of CPAP treatment in daytime function in
sleep apnea syndrome: a randomized controlled study with an optimized placebo. Am ) Respir
Crit Care Med, 2001. 164(4): p. 608-13.

Faccenda, J.F., T.W. Mackay, N.A. Boon, and N.J. Douglas, Randomized placebo-controlled trial
of continuous positive airway pressure on blood pressure in the sleep apnea-hypopnea
syndrome. American Journal of Respiratory and Critical Care Medicine, 2001. 163(2): p. 344-348.
Weaver, T.E., C. Mancini, G. Maislin, J. Cater, B. Staley, J.R. Landis, K.A. Ferguson, C.F. George,
D.A. Schulman, H. Greenberg, D.M. Rapoport, J.A. Walsleben, T. Lee-Chiong, I. Gurubhagavatula,
and S.T. Kuna, Continuous positive airway pressure treatment of sleepy patients with milder
obstructive sleep apnea: results of the CPAP Apnea Trial North American Program (CATNAP)
randomized clinical trial. Am J Respir Crit Care Med, 2012. 186(7): p. 677-83.

Monasterio, C., S. Vidal, J. Duran, M. Ferrer, C. Carmona, F. Barbé, M. Mayos, N. Gonzalez-
Mangado, M. Juncadella, A. Navarro, R. Barreira, F. Capote, L.R. Mayoralas, G. Peces-Barba, J.
Alonso, and J.M. Montserrat, Effectiveness of continuous positive airway pressure in mild sleep
apnea-hypopnea syndrome. American Journal of Respiratory and Critical Care Medicine, 2001.
164(6): p. 939-943.

Barnes, M., D. Houston, C.J. Worsnop, A.M. Neill, I.J. Mykytyn, A. Kay, J. Trinder, N.A. Saunders,
R. Douglas McEvoy, and R.J. Pierce, A randomized controlled trial of continuous positive airway
pressure in mild obstructive sleep apnea. Am J Respir Crit Care Med, 2002. 165(6): p. 773-80.
McFadyen, T.A., C.A. Espie, N. McArdle, N.J. Douglas, and H.M. Engleman, Controlled,
prospective trial of psychosocial function before and after continuous positive airway pressure
therapy. Eur Respir J, 2001. 18(6): p. 996-1002.

Beninati, W., C.D. Harris, D.L. Herold, and J.W. Shepard, Jr., The effect of snoring and obstructive
sleep apnea on the sleep quality of bed partners. Mayo Clin Proc, 1999. 74(10): p. 955-8.
Schenck, C.H., I. Arnulf, and M.W. Mahowald, Sleep and sex: what can go wrong? A review of
the literature on sleep related disorders and abnormal sexual behaviors and experiences. Sleep,
2007. 30(6): p. 683-702.

Tufik, S., M.L. Andersen, L.R. Bittencourt, and M.T. Mello, Paradoxical sleep deprivation:
neurochemical, hormonal and behavioral alterations. Evidence from 30 years of research. An
Acad Bras Cienc, 2009. 81(3): p. 521-38.

Béjot, Y., N. Juenet, R. Garrouty, D. Maltaverne, L. Nicolleau, M. Giroud, and R. Didi-Roy,
Sexsomnia: An uncommon variety of parasomnia. Clinical Neurology and Neurosurgery, 2010.
112(1): p. 72-75.

Marca, G.D., S. Dittoni, R. Frusciante, S. Colicchio, A. Losurdo, E. Testani, C. Buccarella, A.
Modoni, S. Mazza, G.F. Mennuni, P. Mariotti, and C. Vollono, Abnormal sexual behavior during
sleep. Journal of Sexual Medicine, 2009. 6(12): p. 3490-3495.

-249 -



375.

376.

377.

378.

379.

380.

381.

382.

383.

384.

385.

386.

387.

388.

389.

390.

391.

392.

393.

394.

395.

McKnight-Eily, L.R., D.K. Eaton, R. Lowry, J.B. Croft, L. Presley-Cantrell, and G.S. Perry,
Relationships between hours of sleep and health-risk behaviors in US adolescent students. Prev
Med, 2011. 53(4-5): p. 271-3.

Luboshitzky, R., P. Herer, M. Levi, Z. Shen-Orr, and P. Lavie, Relationship between rapid eye
movement sleep and testosterone secretion in normal men. J Androl, 1999. 20(6): p. 731-7.
Veldhuis, J.D., D.M. Keenan, and S.M. Pincus, Motivations and methods for analyzing pulsatile
hormone secretion. Endocr Rev, 2008. 29(7): p. 823-64.

Walton, M.J., R.A. Anderson, A.T. Kicman, R.A. Elton, K. Ossowska, and D.T. Baird, A diurnal
variation in testicular hormone production is maintained following gonadotrophin suppression in
normal men. Clin Endocrinol (Oxf), 2007. 66(1): p. 123-9.

Caufriez, A., R. Leproult, M. L'Hermite-Baleriaux, M. Kerkhofs, and G. Copinschi, Effects of a 3-
week dehydroepiandrosterone administration on sleep, sex steroids and multiple 24-h hormonal
profiles in postmenopausal women: a pilot study. Clin Endocrinol (Oxf), 2013.

Mann, K., W. Rossbach, M.J. Muller, F. Muller-Siecheneder, T. Pott, I. Linde, R.W. Dittmann, and
C. Hiemke, Nocturnal hormone profiles in patients with schizophrenia treated with olanzapine.
Psychoneuroendocrinology, 2006. 31(2): p. 256-64.

Schulz, P., Curtin F, Steimer T, Individuality and stability of nocturnal secretion patterns for eight
hormones in healthy young men. Dialogues in Clinical Neuroscience, 2007. 9(3): p. 343—-346.
Veldhuis, J.D., A. Iranmanesh, M. Godschalk, and T. Mulligan, Older men manifest multifold
synchrony disruption of reproductive neurohormone outflow. J Clin Endocrinol Metab, 2000.
85(4): p. 1477-86.

Plymate, S.R., J.S. Tenover, and W.J. Bremner, Circadian variation in testosterone, sex hormone-
binding globulin, and calculated non-sex hormone-binding globulin bound testosterone in
healthy young and elderly men. J Androl, 1989. 10(5): p. 366-71.

Luboshitzky, R., Z. Zabari, Z. Shen-Orr, P. Herer, and P. Lavie, Disruption of the nocturnal
testosterone rhythm by sleep fragmentation in normal men. J Clin Endocrinol Metab, 2001.
86(3): p. 1134-9.

Axelsson, J., M. Ingre, T. Akerstedt, and U. Holmback, Effects of acutely displaced sleep on
testosterone. J Clin Endocrinol Metab, 2005. 90(8): p. 4530-5.

Opstad, P.K., Androgenic hormones during prolonged physical stress, sleep, and energy
deficiency. J Clin Endocrinol Metab, 1992. 74(5): p. 1176-83.

Schiavi, R.C., D. White, and J. Mandeli, Pituitary-gonadal function during sleep in healthy aging
men. Psychoneuroendocrinology, 1992. 17(6): p. 599-609.

Goh, V.H. and T.Y. Tong, Sleep, sex steroid hormones, sexual activities, and aging in Asian men. )
Androl, 2010. 31(2): p. 131-7.

Santamaria, J.D., J.C. Prior, and J.A. Fleetham, Reversible reproductive dysfunction in men with
obstructive sleep apnoea. Clin Endocrinol (Oxf), 1988. 28(5): p. 461-70.

Svartberg, J., R. Jorde, J. Sundsfjord, K.H. Bonaa, and E. Barrett-Connor, Seasonal variation of
testosterone and waist to hip ratio in men: the Tromso study. J Clin Endocrinol Metab, 2003.
88(7): p. 3099-104.

Svartberg, J. and E. Barrett-Connor, Could seasonal variation in testosterone levels in men be
related to sleep? Aging Male, 2004. 7(3): p. 205-10.

Moskovic, D.J., M.L. Eisenberg, and L.I. Lipshultz, Seasonal fluctuations in testosterone-estrogen
ratio in men from the southwest United States. Journal of Andrology, 2012. 33(6): p. 1298-1304.
Smith, R.P., R.M. Coward, J.R. Kovac, and L.I. Lipshultz, The evidence for seasonal variations of
testosterone in men. Maturitas, 2013.

Gambineri, A., C. Pelusi, and R. Pasquali, Testosterone levels in obese male patients with
obstructive sleep apnea syndrome: relation to oxygen desaturation, body weight, fat distribution
and the metabolic parameters. ) Endocrinol Invest, 2003. 26(6): p. 493-8.

Andersen, M.L., T.F. Alvarenga, R. Mazaro-Costa, H.C. Hachul, and S. Tufik, The association of
testosterone, sleep, and sexual function in men and women. Brain Res, 2011. 1416: p. 80-104.

-250 -



396.

397.

398.

399.

400.

401.

402.

403.

404,

405.

406.

407.

408.

4009.

410.

411.

412.

413.

Ak, M., A. Balikci, B. Haciomeroglu, S. Zincir, A. Cinar, E. Congologlu, A. Bozkurt, F. Ozgen, and A.
Ozsahin, Quality of sexual life in men with obstructive sleep apnoea. ) Health Psychol, 2013.
18(2): p. 245-51.

Goh, V.H,, T.Y. Tong, H.P. Mok, and B. Said, Interactions among age, adiposity, bodyweight,
lifestyle factors and sex steroid hormones in healthy Singaporean Chinese men. Asian J Androl,
2007.9(5): p. 611-21.

Grunstein, R.R., D.J. Handelsman, S.J. Lawrence, C. Blackwell, I.D. Caterson, and C.E. Sullivan,
Neuroendocrine dysfunction in sleep apnea: reversal by continuous positive airways pressure
therapy. J Clin Endocrinol Metab, 1989. 68(2): p. 352-8.

Luboshitzky, R., A. Aviv, A. Hefetz, P. Herer, Z. Shen-Orr, L. Lavie, and P. Lavie, Decreased
pituitary-gonadal secretion in men with obstructive sleep apnea. J Clin Endocrinol Metab, 2002.
87(7): p. 3394-8.

Coughlin, S.R., L. Mawdsley, J.A. Mugarza, J.P. Wilding, and P.M. Calverley, Cardiovascular and
metabolic effects of CPAP in obese males with OSA. Eur Respir J, 2007. 29(4): p. 720-7.

Zias, N., V. Bezwada, S. Gilman, and A. Chroneou, Obstructive sleep apnea and erectile
dysfunction: still a neglected risk factor? Sleep and Breathing, 2009. 13(1): p. 3-10.

Onem, K., B. Erol, O. Sanli, P. Kadioglu, A.S. Yalin, U. Canik, C. Cuhadaroglu, and A. Kadioglu, Is
sexual dysfunction in women with obstructive sleep apnea-hypopnea syndrome associated with
the severity of the disease? A pilot study. ) Sex Med, 2008. 5(11): p. 2600-9.

Andersen, M.L.,, T.A. Alvarenga, C. Guindalini, J.C. Perry, A. Silva, A. Zager, and S. Tufik,
Paradoxical sleep deprivation influences sexual behavior in female rats. ) Sex Med, 2009. 6(8): p.
2162-72.

Fanfulla, F., S. Malaguti, T. Montagna, S. Salvini, C. Bruschi, P. Crotti, R. Casale, and C. Rampulla,
Erectile dysfunction in men with obstructive sleep apnea: An early sign of nerve involvement.
Sleep, 2000. 23(6): p. 775-781.

Hanak, V., D.J. Jacobson, M.E. McGree, J.S. Sauver, M.M. Lieber, E.J. Olson, V.K. Somers, N.M.
Gades, and S.J. Jacobsen, Snoring as a risk factor for sexual dysfunction in community men. ) Sex
Med, 2008. 5(4): p. 898-908.

Stannek, T., Factors Affecting Self-Reported Sexuality in Men with Obstructive Sleep Apnea
Syndrome. Journal of sexual medicine, 2009. 6(12): p. 3415-3424.

Petersen, M., E. Kristensen, S. Berg, and B. Midgren, Sexual function in male patients with
obstructive sleep apnoea. Clin Respir J, 2010. 4(3): p. 186-91.

Hoekema, A., A.L. Stel, B. Stegenga, J.H. van der Hoeven, P.J. Wijkstra, M.F. van Driel, and L.G.
de Bont, Sexual function and obstructive sleep apnea-hypopnea: a randomized clinical trial
evaluating the effects of oral-appliance and continuous positive airway pressure therapy. J Sex
Med, 2007. 4(4 Pt 2): p. 1153-62.

Budweiser, S., S. Enderlein, R.A. Jorres, A.P. Hitzl, W.F. Wieland, M. Pfeifer, and M. Arzt, Sleep
Apnea is an Independent Correlate of Erectile and Sexual Dysfunction. Journal of Sexual
Medicine, 2009. 6(11): p. 3147-3157.

Reishtein, J.L., G. Maislin, T.E. Weaver, and g. Multisite Study, Outcome of CPAP treatment on
intimate and sexual relationships in men with obstructive sleep apnea. J Clin Sleep Med, 2010.
6(3): p. 221-6.

Foundation, N.S. Longer Work Days Leave Americans Nodding Off On the Job. 2008 March 3,
2008 28 July 2013]; Available from: http://www.sleepfoundation.org/article/press-
release/longer-work-days-leave-americans-nodding-the-job.

Budweiser, S., R. Luigart, R.A. Jorres, F. Kollert, Y. Kleemann, W.F. Wieland, M. Pfeifer, and M.
Arzt, Long-term changes of sexual function in men with obstructive sleep apnea after initiation
of continuous positive airway pressure. ) Sex Med, 2013. 10(2): p. 524-31.

Soukhova-O'Hare, G.K., Z.A. Shah, Z. Lei, A.D. Nozdrachev, C.V. Rao, and D. Gozal, Erectile
dysfunction in a murine model of sleep apnea. Am J Respir Crit Care Med, 2008. 178(6): p. 644-
50.

-251-


http://www.sleepfoundation.org/article/press-release/longer-work-days-leave-americans-nodding-the-job
http://www.sleepfoundation.org/article/press-release/longer-work-days-leave-americans-nodding-the-job

414.

415.

416.

417.

418.

419.

420.

421.

422.

423.

424.

425.

426.

427.

428.

429.

430.

431.

432.

433.

434,

Goncalves, M.A., C. Guilleminault, E. Ramos, A. Palha, and T. Paiva, Erectile dysfunction,
obstructive sleep apnea syndrome and nasal CPAP treatment. Sleep Medicine, 2005. 6(4): p.
333-339.

Hirshkowitz, M., I. Karacan, M.O. Arcasoy, G. Acik, E.M. Narter, and R.L. Williams, Prevalence of
sleep apnea in men with erectile dysfunction. Urology, 1990. 36(3): p. 232-4.

Seftel, A.D., K.P. Strohl, T.L. Loye, D. Bayard, J. Kress, and N.C. Netzer, Erectile dysfunction and
symptoms of sleep disorders. Sleep, 2002. 25(6): p. 643-7.

Taskin, U., O. Yigit, E. Acioglu, M. Aricigil, G. Toktas, and Y. Guzelhan, Erectile dysfunction in
severe sleep apnea patients and response to CPAP. Int J Impot Res, 2010. 22(2): p. 134-9.
Guilleminault, C., F.B. Simmons, J. Motta, J. Cummiskey, M. Rosekind, J.S. Schroeder, and W.C.
Dement, Obstructive sleep apnea syndrome and tracheostomy. Long-term follow-up experience.
Arch Intern Med, 1981. 141(8): p. 985-8.

Hudgel, D.W., Diagnosis and therapy of sleep apnea. ) Fam Pract, 1981. 12(6): p. 1001-7.
Semple, P.D., A. Graham, Y. Malcolm, G.H. Beastall, and W.S. Watson, Hypoxia, Depression of
Testosterone, and Impotence in Pickwickian-Syndrome Reversed by Weight-Reduction. British
Medical Journal, 1984. 289(6448): p. 801-802.

Schiavi, R.C., J. Mandeli, P. Schreinerengel, and A. Chambers, Aging, Sleep Disorders, and Male
Sexual Function. Biological Psychiatry, 1991. 30(1): p. 15-24.

Shin, H.W., Y.C. Rha, D.H. Han, S. Chung, L.Y. Yoon, C.S. Rhee, C.H. Lee, Y.G. Min, and D.Y. Kim,
Erectile dysfunction and disease-specific quality of life in patients with obstructive sleep apnea.
International Journal of Impotence Research, 2008. 20(6): p. 549-553.

Heruti, R., T. Shochat, D. Tekes-Manova, |. Ashkenazi, and D. Justo, Association between erectile
dysfunction and sleep disorders measured by self-assessment questionnaires in adult men.
Journal of Sexual Medicine, 2005. 2(4): p. 543-550.

Chediak, A.D., J.C. Acevedo-Crespo, D.J. Seiden, H.H. Kim, and M.H. Kiel, Nightly variability in the
indices of sleep-disordered breathing in men being evaluated for impotence with consecutive
night polysomnograms. Sleep, 1996. 19(7): p. 589-92.

Teloken, P.E., E.B. Smith, C. Lodowsky, T. Freedom, and J.P. Mulhall, Defining association
between sleep apnea syndrome and erectile dysfunction. Urology, 2006. 67(5): p. 1033-1037.
Cruz, I.LA., M. Drummond, and J.C. Winck, Obstructive sleep apnea symptoms beyond sleepiness
and snoring: effects of nasal APAP therapy. Sleep Breath, 2012. 16(2): p. 361-6.

Margel, D., M. Cohen, P.M. Livne, and G. Pillar, Severe, but not mild, obstructive sleep APNEA
syndrome is associated with erectile dysfunction. Urology, 2004. 63(3): p. 545-549.

Norman, R.G., M.M. Ahmed, J.A. Walsleben, and D.M. Rapoport, Detection of respiratory events
during NPSG: nasal cannula/pressure sensor versus thermistor. Sleep, 1997. 20(12): p. 1175-84.
Ross, S.D., I.LA. Sheinhait, K.J. Harrison, M. Kvasz, J.E. Connelly, S.A. Shea, and LE. Allen,
Systematic review and meta-analysis of the literature regarding the diagnosis of sleep apnea.
Sleep, 2000. 23(4): p. 519-32.

Cappelleri, J.C., R.C. Rosen, M.D. Smith, A. Mishra, and I.H. Osterloh, Diagnostic evaluation of
the erectile function domain of the International Index of Erectile Function. Urology, 1999. 54(2):
p. 346-351.

Zhuravlev, V.N., M.A. Frank, and A.l. Gomzhin, Sexual functions of men with obstructive sleep
apnoea syndrome and hypogonadism may improve upon testosterone administration: a pilot
study. Andrologia, 2009. 41(3): p. 193-5.

Santos, T., M. Drummond, and F. Botelho, Erectile dysfunction in obstructive sleep apnea
syndrome--prevalence and determinants. Rev Port Pneumol, 2012. 18(2): p. 64-71.

Schmidt, H.S. and H.A. Wise, 2nd, Significance of impaired penile tumescence and associated
polysomnographic abnormalities in the impotent patient. J Urol, 1981. 126(3): p. 348-52.
Pressman, M.R., M.A. DiPhillipo, J.I. Kendrick, K. Conroy, and J.M. Fry, Problems in the
interpretation of nocturnal penile tumescence studies: disruption of sleep by occult sleep
disorders. ) Urol, 1986. 136(3): p. 595-8.

-252 -



435.

436.

437.

438.

439,

440.

441.

442,

443,

444,

445,

446.

447.

448,

449.

450.

451.

452.

453.

454,

455.

Foreman, P.J., J. Stahl, T.E. Hobbins, D.A. Paskewitz, and H.S. Gross, Sleep apnea in five patients
evaluated for nocturnal penile tumescence. Md Med J, 1986. 35(1): p. 46-8.

Colombo, F., O. Fenice, and E. Austoni, [NPT: nocturnal penile tumescence test]. Arch Ital Urol
Androl, 1994. 66(4): p. 159-64.

Hirshkowitz, M., |. Karacan, A. Gurakar, and R.L. Williams, Hypertension, erectile dysfunction,
and occult sleep apnea. Sleep, 1989. 12(3): p. 223-32.

Karacan, |. and M. Karatas, Erectile dysfunction in sleep apnea and response to CPAP. ) Sex
Marital Ther, 1995. 21(4): p. 239-47.

Arruda-Olson, A.M., L.J. Olson, A. Nehra, and V.K. Somers, Sleep apnea and cardiovascular
disease - Implications for understanding erectile dysfunction. Herz, 2003. 28(4): p. 298-303.
Semple, P.D., G.H. Beastall, T.M. Brown, K.W. Stirling, R.J. Mills, and W.S. Watson, Sex hormone
suppression and sexual impotence in hypoxic pulmonary fibrosis. Thorax, 1984. 39(1): p. 46-51.
Pugh, L., Physiological and medical aspects of the Himalayan Scientific and Mountaineering
Expedition. British medical journal, 1962. 2(5305): p. 621.

Verratti, V., S. Falone, G. Fano, A. Paoli, C. Reggiani, R. Tenaglia, and C. Di Giulio, Effects of
hypoxia on nocturnal erection quality: a case report from the Manaslu expedition. ) Sex Med,
2011. 8(8): p. 2386-90.

Johnson, P.L., N. Edwards, K.R. Burgess, and C.E. Sullivan, Sleep architecture changes during a
trek from 1400 to 5000 m in the Nepal Himalaya. ) Sleep Res, 2010. 19(1 Pt 2): p. 148-56.

Siroky, M.B. and K.M. Azadzoi, Vasculogenic erectile dysfunction: newer therapeutic strategies. )
Urol, 2003. 170(2 Pt 2): p. S24-9; discussion $29-30.

Semple, P.D., G.H. Beastall, W.S. Watson, and R. Hume, Hypothalamic-pituitary dysfunction in
respiratory hypoxia. Thorax, 1981. 36(8): p. 605-9.

Fletcher, E.C. and R.J. Martin, Sexual dysfunction and erectile impotence in chronic obstructive
pulmonary disease. Chest, 1982. 81(4): p. 413-21.

Semple, P.D., T.M. Brown, G.H. Beastall, and C.G. Semple, Sexual dysfunction and erectile
impotence in chronic obstructive pulmonary disease. Chest, 1983. 83(3): p. 587-8.

Aasebo, U., A. Gyltnes, R.M. Bremnes, A. Aakvaag, and L. Slordal, Reversal of sexual impotence
in male patients with chronic obstructive pulmonary disease and hypoxemia with long-term
oxygen therapy. J Steroid Biochem Mol Biol, 1993. 46(6): p. 799-803.

Sandblom, R.E., A.M. Matsumoto, R.B. Schoene, K.A. Lee, E.C. Giblin, W.J. Bremner, and D.J.
Pierson, Obstructive sleep apnea syndrome induced by testosterone administration. N Engl )
Med, 1983. 308(9): p. 508-10.

Matsumoto, A.M., R.E. Sandblom, R.B. Schoene, K.A. Lee, E.C. Giblin, D.J. Pierson, and W.J.
Bremner, Testosterone replacement in hypogonadal men: Effects on obstructive sleep apnoea,
Respiratory drives, and sleep. Clinical Endocrinology, 1985. 22(6): p. 713-721.

Schneider, B.K., C.K. Pickett, C.W. Zwillich, J.V. Weil, M.T. McDermott, R.J. Santen, L.A. Varano,
and D.P. White, Influence of testosterone on breathing during sleep. J Appl Physiol (1985), 1986.
61(2): p. 618-23.

Cistulli, P.A., R.R. Grunstein, and C.E. Sullivan, Effect of testosterone administration on upper
airway collapsibility during sleep. Am J Respir Crit Care Med, 1994. 149(2 Pt 1): p. 530-2.

Bhasin, S., G.R. Cunningham, F.J. Hayes, A.M. Matsumoto, P.J. Snyder, R.S. Swerdloff, V.M.
Montori, and E.S. Task Force, Testosterone therapy in men with androgen deficiency syndromes:
an Endocrine Society clinical practice guideline. ) Clin Endocrinol Metab, 2010. 95(6): p. 2536-59.
Calof, 0.M., A.B. Singh, M.L. Lee, A.M. Kenny, R.J. Urban, J.L. Tenover, and S. Bhasin, Adverse
events associated with testosterone replacement in middle-aged and older men: a meta-analysis
of randomized, placebo-controlled trials. } Gerontol A Biol Sci Med Sci, 2005. 60(11): p. 1451-7.
Hanafy, H.M., Testosterone therapy and obstructive sleep apnea: is there a real connection? |
Sex Med, 2007. 4(5): p. 1241-6.

-253 -



456.

457.

458.

459.

460.

461.

462.

463.

464,

465.

466.

467.

468.

469.

470.

471.

472.

473.

474.

Hoyos, C.M., R. Killick, B.J. Yee, R.R. Grunstein, and P.Y. Liu, Effects of testosterone therapy on
sleep and breathing in obese men with severe obstructive sleep apnoea: a randomized placebo-
controlled trial. Clin Endocrinol (Oxf), 2012. 77(4): p. 599-607.

Zhou, X.S., J.A. Rowley, F. Demirovic, M.P. Diamond, and M.S. Badr, Effect of testosterone on the
apneic threshold in women during NREM sleep. J Appl Physiol, 2003. 94(1): p. 101-7.

Dempsey, J.A. and J.B. Skatrud, A sleep-induced apneic threshold and its consequences. Am Rev
Respir Dis, 1986. 133(6): p. 1163-70.

Killick, R., D. Wang, C.M. Hoyos, B.J. Yee, R.R. Grunstein, and P.Y. Liu, The effects of testosterone
on ventilatory responses in men with obstructive sleep apnea: a randomised, placebo-controlled
trial. ) Sleep Res, 2013. 22(3): p. 331-6.

Motamed, M., D. Sandhu, and G.E. Murty, Sildenafil and nasal obstruction. ) Otolaryngol, 2003.
32(4): p. 259-61.

Kiroglu, A.F., H. Bayrakli, K. Yuca, H. Cankaya, and M. Kiris, Nasal obstruction as a common side-
effect of sildendfil citrate. Tohoku J Exp Med, 2006. 208(3): p. 251-4.

Moreira, S.G., Jr., R.E. Brannigan, A. Spitz, F.J. Orejuela, L.I. Lipshultz, and E.D. Kim, Side-effect
profile of sildenafil citrate (Viagra) in clinical practice. Urology, 2000. 56(3): p. 474-6.

Neves, C., S. Tufik, M.A. Monteiro, F. Chediek, F.F. Jose, and S. Roizenblatt, The effect of
sildendfil on sleep respiratory parameters and heart rate variability in obstructive sleep apnea.
Sleep Med, 2010. 11(6): p. 545-51.

Roizenblatt, S., C. Guilleminault, D. Poyares, F. Cintra, A. Kauati, and S. Tufik, A double-blind,
placebo-controlled, crossover study of sildenafil in obstructive sleep apnea. Arch Intern Med,
2006. 166(16): p. 1763-7.

Perimenis, P. and K. Giannitsas, Safety of sildendfil in the treatment of erectile dysfunction in
patients with obstructive sleep apnoea. Expert Opinion on Drug Safety, 2007. 6(4): p. 423-430.
Sullivan, C.E., F.G. Issa, M. Berthon-Jones, and L. Eves, Reversal of obstructive sleep apnoea by
continuous positive airway pressure applied through the nares. Lancet, 1981. 1(8225): p. 862-5.
Luboshitzky, R., L. Lavie, Z. Shen-Orr, and P. Lavie, Pituitary-gonadal function in men with
obstructive sleep apnea. The effect of continuous positive airways pressure treatment. Neuro
Endocrinol Lett, 2003. 24(6): p. 463-7.

Vlkova, B., I. Mucska, J. Hodosy, and P. Celec, Short-term effects of continuous positive airway
pressure on sex hormones in men and women with sleep apnoea syndrome. Andrologia, 2013.
Meston, N., R.J. Davies, R. Mullins, C. Jenkinson, J.A. Wass, and J.R. Stradling, Endocrine effects
of nasal continuous positive airway pressure in male patients with obstructive sleep apnoea. )
Intern Med, 2003. 254(5): p. 447-54.

Macrea, M.M., T.J. Martin, and L. Zagrean, Infertility and obstructive sleep apnea: the effect of
continuous positive airway pressure therapy on serum prolactin levels. Sleep Breath, 2010.
14(3): p. 253-7.

Bratel, T., A. Wennlund, and K. Carlstrom, Pituitary reactivity, androgens and catecholamines in
obstructive sleep apnoea. Effects of continuous positive airway pressure treatment (CPAP).
Respir Med, 1999. 93(1): p. 1-7.

Hatzichristou, D.G., K. Hatzimouratidis, E. loannides, K. Yannakoyorgos, G. Dimitriadis, and A.
Kalinderis, Nocturnal penile tumescence and rigidity monitoring in young potent volunteers:
Reproducibility, evaluation criteria and the effect of sexual intercourse. Journal of Urology, 1998.
159(6): p. 1921-1926.

Karkoulias, K., P. Perimenis, N. Charokopos, G. Efremidis, F. Sampsonas, A. Kaparianos, D.
Patouchas, M. Tsiamita, and K. Spiropoulos, Does CPAP therapy improve erectile dysfunction in
patients with obstructive sleep apnea syndrome? Clin Ter, 2007. 158(6): p. 515-8.

Petersen, M., E. Kristensen, S. Berg, and B. Midgren, Sexual function in male patients with
obstructive sleep apnoea after 1 year of CPAP treatment. Clin Respir J, 2012.

- 254 -



475.

476.

477.

478.

479.

480.

481.

482.

483.

484.

485.

486.

487.

488.

489.

Ceylan, C.0., O. Yigman, M. Dogan, S. Yuksel, S, Does the Treatment of Sleep Apnea Improve the
Sexual Performance in Men with Obstructive Sleep Apnea Syndrome? Journal of Clinical and
Analytical Medicine, 2013. 4(1): p. 9-12.

Bradshaw, D.A., G.A. Ruff, and D.P. Murphy, An oral hypnotic medication does not improve
continuous positive airway pressure compliance in men with obstructive sleep apnea. Chest,
2006. 130(5): p. 1369-76.

Knapp, A., P.C. Myhill, W.A. Davis, K.E. Peters, D. Hillman, E.J. Hamilton, E.M. Lim, and T.M.
Davis, Effect of continuous positive airway pressure therapy on sexual function and serum
testosterone in males with type 2 diabetes and obstructive sleep apnoea. Clin Endocrinol (Oxf),
2014.

Martin-Morales, A., J.J. Sanchez-Cruz, 1.S. De Tejada, L. Rodriguez-Vela, J.F. Jimenez-Cruz, and R.
Burgos-Rodriguez, Prevalence and independent risk factors for erectile dysfunction in Spain:
Results of the epidemiologia de la disfuncion erectil masculina study. Journal of Urology, 2001.
166(2): p. 569-574.

Margel, D., R. Tal, P.M. Livne, and G. Pillar, Predictors of erectile function improvement in
obstructive sleep apnea patients with long-term CPAP treatment. Int J Impot Res, 2005. 17(2): p.
186-90.

Perimenis, P., K. Karkoulias, A. Konstantinopoulos, M. Alchanatis, P.P. Perimeni, A.
Athanasopoulos, and K. Spyropoulos, The impact of long-term conventional treatment for
overlap syndrome (obstructive sleep apnea and chronic obstructive pulmonary disease) on
concurrent erectile dysfunction. Respir Med, 2007. 101(2): p. 210-6.

Li, F., Q. Feng, X. Zhang, and Q. Liu, [Treatment for erectile dysfunction patients with obstructive
sleep apnea syndrome by nasal continual positive airway pressure]. Zhonghua Nan Ke Xue, 2004.
10(5): p. 355-7.

Montejo, A.L., G. Llorca, J.A. Izquierdo, and F. Rico-Villademoros, Incidence of sexual dysfunction
associated with antidepressant agents: A prospective multicenter study of 1022 outpatients.
Journal of Clinical Psychiatry, 2001. 62(SUPPL. 3): p. 10-21.

Shin, H.W., J.H. Park, J.W. Park, C.S. Rhee, C.H. Lee, Y.G. Min, and D.Y. Kim, Effects of Surgical vs.
Nonsurgical Therapy on Erectile Dysfunction and Quality of Life in Obstructive Sleep Apnea
Syndrome: A Pilot Study. ) Sex Med, 2013. 10(8): p. 2053-9.

Perimenis, P., K. Karkoulias, S. Markou, K. Gyftopoulos, A. Athanasopoulos, G. Barbalias, V.
Kiriazopoulou, and K. Spiropoulos, Erectile dysfunction in men with obstructive sleep apnea
syndrome: a randomized study of the efficacy of sildenafil and continuous positive airway
pressure. International Journal of Impotence Research, 2004. 16(3): p. 256-260.

Perimenis, P., K. Karkoulias, A. Konstantinopoulos, P.P. Perimeni, G. Katsenis, A.
Athanasopoulos, and K. Spyropoulos, Sildendafil versus continuous positive airway pressure for
erectile dysfunction in men with obstructive sleep apnea: a comparative study of their efficacy
and safety and the patient's satisfaction with treatment. Asian Journal of Andrology, 2007. 9(2):
p. 259-264.

Cappelleri, J.C. and V.J. Stecher, An assessment of patient-reported outcomes for men with
erectile dysfunction: Pfizer's perspective. Int J Impot Res, 2008. 20(4): p. 343-57.

Weaver, T.E., G. Maislin, D.F. Dinges, J. Younger, C. Cantor, S. McCloskey, and A.l. Pack, Self-
efficacy in sleep apnea: Instrument development and patient perceptions of obstructive sleep
apnea risk, treatment benefit, and volition to use continuous positive airway pressure. Sleep,
2003. 26(6): p. 727-732.

Perimenis, P., A. Konstantinopoulos, K. Karkoulias, S. Markou, P. Perimeni, and K. Spyropoulos,
Sildenafil combined with continuous positive airway pressure for treatment of erectile
dysfunction in men with obstructive sleep apnea. International Urology and Nephrology, 2007.
39(2): p. 547-552.

Kolotkin, R.L., C. Zunker, and T. Ostbye, Sexual functioning and obesity: a review. Obesity (Silver
Spring), 2012. 20(12): p. 2325-33.

-255-



490.

491.

492.

493.

494,

495.

496.

497.

498.

499.

500.

501.

502.

503.

504.

505.

506.

507.

Travison, T.G., M.S. Sand, R.C. Rosen, R. Shabsigh, I. Eardley, and J.B. McKinlay, The natural
progression and regression of erectile dysfunction: follow-up results from the MMAS and MALES
studies. ] Sex Med, 2011. 8(7): p. 1917-24.

Barnes, M., R.D. McEvoy, S. Banks, N. Tarquinio, C.G. Murray, N. Vowles, and R.J. Pierce, Efficacy
of positive airway pressure and oral appliance in mild to moderate obstructive sleep apnea. Am J
Respir Crit Care Med, 2004. 170(6): p. 656-64.

Bedard, M.C., J. Montplaisir, F. Richer, I. Rouleau, and J. Malo, Obstructive sleep apnea
syndrome: Pathogenesis of neuropsychological deficits. Journal of Clinical and Experimental
Neuropsychology, 1991. 13(6): p. 950-964.

Jones, K. and Y. Harrison, Frontal lobe function, sleep loss and fragmented sleep. Sleep Med Rev,
2001. 5(6): p. 463-475.

Naegele, B., S.H. Launois, S. Mazza, C. Feuerstein, J.L. Pepin, and P. Levy, Which memory
processes are dffected in patients with obstructive sleep apnea? An evaluation of 3 types of
memory. Sleep, 2006. 29(4): p. 533-44.

Sateia, M.J., Neuropsychological impairment and quality of life in obstructive sleep apnea. Clin
Chest Med, 2003. 24(2): p. 249-59.

Yaouhi, K., F. Bertran, P. Clochon, F. Mezenge, P. Denise, J. Foret, F. Eustache, and B.
Desgranges, A combined neuropsychological and brain imaging study of obstructive sleep apnea.
J Sleep Res, 2009. 18(1): p. 36-48.

Janowsky, J.S., Thinking with your gonads: testosterone and cognition. Trends Cogn Sci, 2006.
10(2): p. 77-82.

Moffat, S.D., Effects of testosterone on cognitive and brain aging in elderly men. Ann N'Y Acad
Sci, 2005. 1055: p. 80-92.

Hogervorst, E., S. Bandelow, and S.D. Moffat, Increasing testosterone levels and effects on
cognitive functions in elderly men and women: a review. Curr Drug Targets CNS Neurol Disord,
2005. 4(5): p. 531-40.

Zitzmann, M., S. Faber, and E. Nieschlag, Association of specific symptoms and metabolic risks
with serum testosterone in older men. J Clin Endocrinol Metab, 2006. 91(11): p. 4335-43.
Montplaisir, J., M.A. Bedard, F. Richer, and |. Rouleau, Neurobehavioral manifestations in
obstructive sleep apnea syndrome before and after treatment with continuous positive airway
pressure. Sleep, 1992. 15(6 SUPPL.): p. S17-S19.

Sforza, E., J. Haba-Rubio, F. De Bilbao, T. Rochat, and V. lbanez, Performance vigilance task and
sleepiness in patients with sleep-disordered breathing. European Respiratory Journal, 2004.
24(2): p. 279-285.

Hackett, G., N. Cole, M. Bhartia, D. Kennedy, J. Raju, and P. Wilkinson, Testosterone replacement
therapy with long-acting testosterone undecanoate improves sexual function and quality-of-life
parameters vs. placebo in a population of men with type 2 diabetes. J Sex Med, 2013. 10(6): p.
1612-27.

Voyer, D., S. Voyer, and M.P. Bryden, Magnitude of sex differences in spatial abilities: a meta-
analysis and consideration of critical variables. Psychol Bull, 1995. 117(2): p. 250-70.

Moffat, S.D., A.B. Zonderman, E.J. Metter, C. Kawas, M.R. Blackman, S.M. Harman, and S.M.
Resnick, Free testosterone and risk for Alzheimer disease in older men. Neurology, 2004. 62(2):
p. 188-93.

Shumaker, S.A., C. Legault, S.R. Rapp, L. Thal, R.B. Wallace, J.K. Ockene, S.L. Hendrix, B.N. Jones,
3rd, A.R. Assaf, R.D. Jackson, J.M. Kotchen, S. Wassertheil-Smoller, J. Wactawski-Wende, and W.
Investigators, Estrogen plus progestin and the incidence of dementia and mild cognitive
impairment in postmenopausal women: the Women's Health Initiative Memory Study: a
randomized controlled trial. JAMA, 2003. 289(20): p. 2651-62.

Vermeulen, A, L. Verdonck, and J.M. Kaufman, A critical evaluation of simple methods for the
estimation of free testosterone in serum. J Clin Endocrinol Metab, 1999. 84(10): p. 3666-72.

- 256 -



508.

509.

510.

511.

512.

513.

514.

515.

516.

517.

518.

519.

520.

521.

522.

523.

524.

525.

526.

527.

Shallice, T., Specific impairments of planning. Philos Trans R Soc Lond B Biol Sci, 1982.
298(1089): p. 199-209.

STROOP, J.R., Studies of interference in serial verbal reactions. Journal ofExperimental
Psychology, 1935. IlI: p. 643-662.

Wilkinson, R.T., & Houghton, D., Field test of arousal: A portable reaction timer with data
storage. Human Factors, 1982. 24: p. 487- 493.

Carani, C., D. Zini, A. Baldini, L. Della Casa, A. Ghizzani, and P. Marrama, Effects of androgen
treatment in impotent men with normal and low levels of free testosterone. Arch Sex Behav,
1990. 19(3): p. 223-34.

Emmelot-Vonk, M.H., H.J. Verhaar, H.R. Nakhai Pour, A. Aleman, T.M. Lock, J.L. Bosch, D.E.
Grobbee, and Y.T. van der Schouw, Effect of testosterone supplementation on functional
mobility, cognition, and other parameters in older men: a randomized controlled trial. JAMA,
2008. 299(1): p. 39-52.

Karacan, ., Nocturnal penile tumescence as a biologic marker in assessing erectile dysfunction.
Psychosomatics, 1982. 23(4): p. 349-60.

Ogrinc, F.G. and O.l. Linet, Evaluation of real-time RigiScan monitoring in pharmacological
erection. J Urol, 1995. 154(4): p. 1356-9.

Arver, S., A.S. Dobs, A.\W. Meikle, R.P. Allen, S.W. Sanders, and N.A. Mazer, Improvement of
sexual function in testosterone deficient men treated for 1 year with a permeation enhanced
testosterone transdermal system. J Urol, 1996. 155(5): p. 1604-8.

Chasens, E.R., O.J. Drumbheller, and P.J. Strollo, Jr., Success in blinding to group assignment with
sham-CPAP. Biol Res Nurs, 2013. 15(4): p. 465-9.

Montgomery, A.A., T.). Peters, and P. Little, Design, analysis and presentation of factorial
randomised controlled trials. BMC Med Res Methodol, 2003. 3: p. 26.

McAlister, F.A., S.E. Straus, D.L. Sackett, and D.G. Altman, Analysis and reporting of factorial
trials: a systematic review. JAMA, 2003. 289(19): p. 2545-53.

Cappelleri, J.C., S.E. Althof, R.L. Siegel, A. Shpilsky, S.S. Bell, and S. Duttagupta, Development and
validation of the Self-Esteem And Relationship (SEAR) questionnaire in erectile dysfunction. Int J
Impot Res, 2004. 16(1): p. 30-8.

McHorney, C.A., J.E. Ware, Jr., and A.E. Raczek, The MOS 36-Item Short-Form Health Survey (SF-
36): Il. Psychometric and clinical tests of validity in measuring physical and mental health
constructs. Med Care, 1993. 31(3): p. 247-63.

Lovibond, P.F. and S.H. Lovibond, The structure of negative emotional states: comparison of the
Depression Anxiety Stress Scales (DASS) with the Beck Depression and Anxiety Inventories. Behav
Res Ther, 1995. 33(3): p. 335-43.

Crawford, J.R. and J.D. Henry, The Depression Anxiety Stress Scales (DASS): normative data and
latent structure in a large non-clinical sample. Br J Clin Psychol, 2003. 42(Pt 2): p. 111-31.

Henry, J.D. and J.R. Crawford, The short-form version of the Depression Anxiety Stress Scales
(DASS-21): construct validity and normative data in a large non-clinical sample. Br J Clin Psychol,
2005. 44(Pt 2): p. 227-39.

Johns, M.W., Sensitivity and specificity of the multiple sleep latency test (MSLT), the
maintenance of wakefulness test and the epworth sleepiness scale: failure of the MSLT as a gold
standard. J Sleep Res, 2000. 9(1): p. 5-11.

Mulhall, J., S.E. Althof, G.B. Brock, I. Goldstein, K.P. Junemann, and M. Kirby, Erectile
dysfunction: monitoring response to treatment in clinical practice--recommendations of an
international study panel. ) Sex Med, 2007. 4(2): p. 448-64.

McCullough, A.R., J.H. Barada, A. Fawzy, A.T. Guay, and D. Hatzichristou, Achieving treatment
optimization with sildendfil citrate (Viagra®) in patients with erectile dysfunction. Urology, 2002.
60(2 SUPPL. 2): p. 28-38.

Basar, M.M., A. Atan, and U.Y. Tekdogan, New concept parameters of RigiScan in differentiation
of vascular erectile dysfunction: is it a useful test? Int J Urol, 2001. 8(12): p. 686-91.

-257 -



528.

529.

Iber C, A.-1.S., Chesson AL, Jr., Quan SF. for the American Academy of Sleep Medicine, The AASM
manual for the scoring of sleep and associated events: rules, terminology and technical
specifications. , ed. A.-1.S. Iber C, Chesson AL, Jr., Quan SF. for the American Academy of Sleep
Medicine. 2007, Westchester, IL: : American Academy of Sleep Medicine.

Jasper, H.H., The ten—twenty electrode system of the International

Federation. Electroencephalogr. Clin. Neurophysiol. , 1958. 10: p. 367-380.

530.

531.

532.

533.

534.

535.

536.

537.

538.

539.

540.

541.

542.

543.

544.

Shabsigh, R., L.T. Klein, S. Seidman, S.A. Kaplan, B.J. Lehrhoff, and J.S. Ritter, Increased incidence
of depressive symptoms in men with erectile dysfunction. Urology, 1998. 52(5): p. 848-52.

Litwin, M.S., R.J. Nied, and N. Dhanani, Health-related quality of life in men with erectile
dysfunction. ) Gen Intern Med, 1998. 13(3): p. 159-66.

Rosen, R.C., S.N. Seidman, M.A. Menza, R. Shabsigh, S.P. Roose, L.J. Tseng, J. Orazem, and R.L.
Siegel, Quality of life, mood, and sexual function: a path analytic model of treatment effects in
men with erectile dysfunction and depressive symptoms. Int J Impot Res, 2004. 16(4): p. 334-40.
Troxel, W.M., D.J. Buysse, M. Hall, and K.A. Matthews, Marital happiness and sleep disturbances
in a multi-ethnic sample of middle-aged women. Behav Sleep Med, 2009. 7(1): p. 2-19.

Smith, A.K., S.M. Togeiro, S. Tufik, and S. Roizenblatt, Disturbed sleep and musculoskeletal pain
in the bed partner of patients with obstructive sleep apnea. Sleep Med, 2009. 10(8): p. 904-12.
Doherty, L.S., J.L. Kiely, V. Swan, and W.T. McNicholas, Long-term effects of nasal continuous
positive airway pressure therapy on cardiovascular outcomes in sleep apnea syndrome. Chest,
2005. 127(6): p. 2076-84.

Patel, S.R., D.P. White, A. Malhotra, M.L. Stanchina, and N.T. Ayas, Continuous positive airway
pressure therapy for treating sleepiness in a diverse population with obstructive sleep apnea:
results of a meta-analysis. Arch Intern Med, 2003. 163(5): p. 565-71.

Hoy, C.J., M. Vennelle, R.N. Kingshott, H.M. Engleman, and N.J. Douglas, Can intensive support
improve continuous positive airway pressure use in patients with the sleep apnea/hypopnea
syndrome? Am J Respir Crit Care Med, 1999. 159(4 Pt 1): p. 1096-100.

Farre, R., L. Hernandez, J.M. Montserrat, M. Rotger, E. Ballester, and D. Navajas, Sham
continuous positive airway pressure for placebo-controlled studies in sleep apnoea. Lancet,
1999. 353(9159): p. 1154.

Kushida, C.A., D.A. Nichols, S.F. Quan, J.L. Goodwin, D.P. White, D.J. Gottlieb, J.K. Walsh, P.K.
Schweitzer, C. Guilleminault, R.D. Simon, E.B. Leary, P.R. Hyde, T.H. Holmes, D.A. Bloch, S.
Green, L.K. McEvoy, A. Gevins, and W.C. Dement, The Apnea Positive Pressure Long-term
Efficacy Study (APPLES): rationale, design, methods, and procedures. ) Clin Sleep Med, 2006.
2(3): p. 288-300.

Rodway, G.W., T.E. Weaver, C. Mancini, J. Cater, G. Maislin, B. Staley, K.A. Ferguson, C.F.
George, D.A. Schulman, H. Greenberg, D.M. Rapoport, J.A. Walsleben, T. Lee-Chiong, and S.T.
Kuna, Evaluation of sham-CPAP as a placebo in CPAP intervention studies. Sleep, 2010. 33(2): p.
260-6.

Sivam, S., C.L. Phillips, M.I. Trenell, B.J. Yee, P.Y. Liu, K.K. Wong, and R.R. Grunstein, Effects of 8
weeks of continuous positive airway pressure on abdominal adiposity in obstructive sleep
apnoea. Eur Respir J, 2012. 40(4): p. 913-8.

Hoyos, C.M., R. Killick, B.J. Yee, C.L. Phillips, R.R. Grunstein, and P.Y. Liu, Cardiometabolic
changes after continuous positive airway pressure for obstructive sleep apnoea: a randomised
sham-controlled study. Thorax, 2012. 67(12): p. 1081-9.

Richards, D., D.J. Bartlett, K. Wong, J. Malouff, and R.R. Grunstein, Increased adherence to CPAP
with a group cognitive behavioral treatment intervention: A randomized trial. Sleep, 2007. 30(5):
p. 635-640.

Cappelleri, J.C., R.L. Siegel, I.H. Osterloh, and R.C. Rosen, Relationship between patient self-
assessment of erectile function and the erectile function domain of the international index of
erectile function. Urology, 2000. 56(3): p. 477-481.

- 258 -



545.

546.

547.

548.

549.

550.

551.

552.

553.

554.

555.

556.

557.

558.

559.

560.

561.

562.

Rosen, R.C., K.R. Allen, X. Ni, and A.B. Araujo, Minimal clinically important differences in the
erectile function domain of the International Index of Erectile Function scale. Eur Urol, 2011.
60(5): p. 1010-6.

Margel, D., R. Tal, P. Livne, and G. Pillar, Predictors of erectile function improvement in
obstructive sleep apnea patients with long-term CPAP treatment. International Journal of
Impotence Research, 2005. 17(2): p. 186-190.

Millman, R.P., B.S. Fogel, M.E. McNamara, and C.C. Carlisle, Depression as a manifestation of
obstructive sleep apnea: Reversal with nasal continuous positive airway pressure. Journal of
Clinical Psychiatry, 1989. 50(9): p. 348-351.

Lovibond, S.H.L., P.F, Manual for the Depression Anxiety Stress Scales. 2nd ed. 1995, Sydney:
Psychology Foundation.

Banhiran, W., P. Assanasen, C. Metheetrairut, C. Nopmaneejumruslers, W. Chotinaiwattarakul,
and J. Kerdnoppakhun, Functional outcomes of sleep in Thai patients with obstructive sleep-
disordered breathing. Sleep Breath, 2012. 16(3): p. 663-75.

Diaferia, G., L. Badke, R. Santos-Silva, S. Bommarito, S. Tufik, and L. Bittencourt, Effect of speech
therapy as adjunct treatment to continuous positive airway pressure on the quality of life of
patients with obstructive sleep apnea. Sleep Med, 2013. 14(7): p. 628-35.

Massie, C.A. and R.W. Hart, Clinical outcomes related to interface type in patients with
obstructive sleep apnea/hypopnea syndrome who are using continuous positive airway pressure.
Chest, 2003. 123(4): p. 1112-8.

Lindberg, E., C. Berne, A. Elmasry, J. Hedner, and C. Janson, CPAP treatment of a population-
based sample--what are the benefits and the treatment compliance? Sleep Med, 2006. 7(7): p.
553-60.

Weaver, T.E., N.B. Kribbs, A.l. Pack, L.R. Kline, D.K. Chugh, G. Maislin, P.L. Smith, A.R. Schwartz,
N.M. Schubert, K.A. Gillen, and D.F. Dinges, Night-to-night variability in CPAP use over the first
three months of treatment. Sleep, 1997. 20(4): p. 278-83.

Kribbs, N.B., A.l. Pack, L.R. Kline, P.L. Smith, A.R. Schwartz, N.M. Schubert, S. Redline, J.N. Henry,
J.E. Getsy, and D.F. Dinges, Objective measurement of patterns of nasal CPAP use by patients
with obstructive sleep apnea. Am Rev Respir Dis, 1993. 147(4): p. 887-95.

Meurice, J.C., P. Dore, J. Paquereau, J.P. Neau, P. Ingrand, J.J. Chavagnat, and F. Patte, Predictive
factors of long-term compliance with nasal continuous positive airway pressure treatment in
sleep apnea syndrome. Chest, 1994. 105(2): p. 429-33.

McArdle, N., G. Devereux, H. Heidarnejad, H.M. Engleman, T.W. Mackay, and N.J. Douglas,
Long-term use of CPAP therapy for sleep apnea/hypopnea syndrome. Am J Respir Crit Care Med,
1999. 159(4 Pt 1): p. 1108-14.

Lewis, K.E., L. Seale, I.E. Bartle, A.J. Watkins, and P. Ebden, Early predictors of CPAP use for the
treatment of obstructive sleep apnea. Sleep, 2004. 27(1): p. 134-8.

Althof, S.E., Quality of life and erectile dysfunction. Urology, 2002. 59(6): p. 803-810.

Costa, P., G. Grandmottet, H.D. Mai, and S. Droupy, Impact of a First Treatment with
Phosphodiesterase Inhibitors on Men and Partners' Quality of Sexual Life: Results of a
Prospective Study in Primary Care. Journal of Sexual Medicine, 2013. 10(7): p. 1850-1860.

Ip, M.S.M., B. Lam, M.M.T. Ng, W.K. Lam, K.W.T. Tsang, and K.S.L. Lam, Obstructive sleep apnea
is independently associated with insulin resistance. American Journal of Respiratory and Critical
Care Medicine, 2002. 165(5): p. 670-676.

Lavie, P., P. Herer, and V. Hoffstein, Obstructive sleep apnoea syndrome as a risk factor for
hypertension: Population study. British Medical Journal, 2000. 320(7233): p. 479-482.

Peker, Y., J. Hedner, J. Norum, H. Kraiczi, and J. Carlson, Increased incidence of cardiovascular
disease in middle-aged men with obstructive sleep apnea: A 7-year follow-up. American Journal
of Respiratory and Critical Care Medicine, 2002. 166(2): p. 159-165.

- 259 -



563.

564.

565.
566.

567.

568.

569.

570.

571.

572.

573.

574.

575.

576.

577.

578.

Yaggi, H.K., J. Concato, W.N. Kernan, J.H. Lichtman, L.M. Brass, and V. Mohsenin, Obstructive
sleep apnea as a risk factor for stroke and death. New England Journal of Medicine, 2005.
353(19): p. 2034-2041.

Johannes, C.B., A.B. Araujo, H.A. Feldman, C.A. Derby, K.P. Kleinman, and J.B. McKinlay,
Incidence of erectile dysfunction in men 40 to 69 years old: Longitudinal results from the
Massachusetts male aging study. Journal of Urology, 2000. 163(2): p. 460-463.

Online, M., Levitra Full Product Information. 2013.

Ohayon, M.M., M.A. Carskadon, C. Guilleminault, and M.V. Vitiello, Meta-analysis of
quantitative sleep parameters from childhood to old age in healthy individuals: developing
normative sleep values across the human lifespan. Sleep, 2004. 27(7): p. 1255-73.

Montorsi, F., G. Guazzoni, L.F. Strambi, L.F. Da Pozzo, L. Nava, L. Barbieri, P. Rigatti, G. Pizzini,
and A. Miani, Recovery of spontaneous erectile function after nerve-sparing radical retropubic
prostatectomy with and without early intracavernous injections of alprostadil: results of a
prospective, randomized trial. J Urol, 1997. 158(4): p. 1408-10.

Lee, D.S,, S.J. Lee, and H.S. Choe, Effects of daily administration of low dose phosphodiesterase
type-5 inhibitor (mirodenafil 50 mg) on men's life. Journal of Sexual Medicine, 2012. 9: p. 376-
377.

Montorsi, F., T. Maga, L.F. Strambi, A. Salonia, L. Barbieri, V. Scattoni, G. Guazzoni, A. Losa, P.
Rigatti, and G. Pizzini, Sildendfil taken at bedtime significantly increases nocturnal erections:
results of a placebo-controlled study. Urology, 2000. 56(6): p. 906-11.

Montorsi, F., A. Salonia, A. Briganti, L. Barbieri, G. Zanni, N. Suardi, A. Cestari, P. Montorsi, and
P. Rigatti, Vardendfil for the treatment of erectile dysfunction: a critical review of the literature
based on personal clinical experience. Eur Urol, 2005. 47(5): p. 612-21.

Porst, H., R. Rosen, H. Padma-Nathan, I. Goldstein, F. Giuliano, E. Ulbrich, and T. Bandel, The
efficacy and tolerability of vardendfil, a new, oral, selective phosphodiesterase type 5 inhibitor,
in patients with erectile dysfunction: the first at-home clinical trial. Int J Impot Res, 2001. 13(4):
p. 192-9.

Hellstrom, W.J., M. Gittelman, G. Karlin, T. Segerson, M. Thibonnier, T. Taylor, and H. Padma-
Nathan, Vardendfil for treatment of men with erectile dysfunction: efficacy and safety in a
randomized, double-blind, placebo-controlled trial. J Androl, 2002. 23(6): p. 763-71.

Goldstein, 1., J.M. Young, J. Fischer, K. Bangerter, T. Segerson, T. Taylor, and G. Vardenafil
Diabetes Study, Vardendfil, a new phosphodiesterase type 5 inhibitor, in the treatment of
erectile dysfunction in men with diabetes: a multicenter double-blind placebo-controlled fixed-
dose study. Diabetes Care, 2003. 26(3): p. 777-83.

Brock, G., A. Nehra, L.I. Lipshultz, G.S. Karlin, M. Gleave, M. Seger, and H. Padma-Nathan, Safety
and efficacy of vardenadfil for the treatment of men with erectile dysfunction after radical
retropubic prostatectomy. J Urol, 2003. 170(4 Pt 1): p. 1278-83.

Krikorian, R., J. Bartok, and N. Gay, Tower of London procedure: a standard method and
developmental data. ) Clin Exp Neuropsychol, 1994. 16(6): p. 840-50.

Bjorner, J.B., G.V. Wallenstein, M.C. Martin, P. Lin, B. Blaisdell-Gross, C. Tak Piech, and S.H.
Mody, Interpreting score differences in the SF-36 Vitality scale: using clinical conditions and
functional outcomes to define the minimally important difference. Curr Med Res Opin, 2007.
23(4): p. 731-9.

Martin-Morales, A., F. Meijide, N. Garcia, M. Artes, and A. Munoz, Efficacy of vardenafil and
influence on self-esteem and self-confidence in patients with severe erectile dysfunction. J Sex
Med, 2007. 4(2): p. 440-7.

Fujisawa, M., K. Sawada, H. Okada, S. Arakawa, S. Saito, and S. Kamidono, Evaluation of health-
related quality of life in patients treated for erectile dysfunction with viagra (sildendfil citrate)
using SF-36 score. Arch Androl, 2002. 48(1): p. 15-21.

- 260 -



579.

580.

581.

582.

583.

584.

585.

Mazurek, B., H. Haupt, A.J. Szczepek, J. Sandmann, J. Gross, B.F. Klapp, H. Kiesewetter, U. Kalus,
T. Stover, and P.P. Caffier, Evaluation of vardendfil for the treatment of subjective tinnitus: a
controlled pilot study. ) Negat Results Biomed, 2009. 8: p. 3.

Pepke-Zaba, J., C. Gilbert, L. Collings, and M.C. Brown, Sildenafil improves health-related quality
of life in patients with pulmonary arterial hypertension. Chest, 2008. 133(1): p. 183-9.

Chua, R., A.M. Keogh, K. Byth, and A. O'Loughlin, Comparison and validation of three measures
of quality of life in patients with pulmonary hypertension. Intern Med J, 2006. 36(11): p. 705-10.
Stief, C.G., H. Porst, D. Neuser, M. Beneke, and E. Ulbrich, A randomised, placebo-controlled
study to assess the efficacy of twice-daily vardendfil in the treatment of lower urinary tract
symptoms secondary to benign prostatic hyperplasia. Eur Urol, 2008. 53(6): p. 1236-44.

Turk, S., Y. Solak, S. Kan, H. Atalay, M. Kilinc, E. Agca, and S. Bodur, Effects of sildenafil and
vardendfil on erectile dysfunction and health-related quality of life in haemodialysis patients: a
prospective randomized crossover study. Nephrol Dial Transplant, 2010. 25(11): p. 3729-33.
Hartmann, U., J.U. Hanisch, and A. Mattern, The real-life perception of efficacy, attitude,
satisfaction and safety of vardenafil therapy (REPEAT): a prospective, non-interventional,
observational study. Aging Male, 2014.

Van Ahlen, H., J. Zumbe, K. Stauch, and J.U. Hanisch, The Real-Life Safety and Efficacy of
vardenafil (REALISE) study: results in men from Europe and overseas with erectile dysfunction
and cardiovascular or metabolic conditions. ) Sex Med, 2010. 7(9): p. 3161-9.

-261-



