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SUMMARY

Testosterone (T) deficiency, sexual dysfunction, obesity and obstructive sleep apnea (OSA) are 

common and often coexist. T prescriptions have increased worldwide during the last decade, 

including to those with undiagnosed or untreated OSA. The effect of T administration on sexual 

function, neurocognitive performance and quality of life in these men is poorly defined. The aim 

of this study was to examine the impact of T administration on sexual function, quality of life and 

neurocognitive performance in obese men with OSA. We also secondarily examined whether 

baseline T might modify the effects of T treatment by dichotomizing on baseline T levels pre-

specified at 8, 11 and 13 nmol/L. This was a randomized placebo-controlled study in which 67 

obese men with OSA (mean age 49 ± 1.3 years) were randomized to receive intramuscular 

injections of either 1000 mg T undecanoate or placebo at baseline, week 6 and week 12. All 

participants were concurrently enrolled in a weight loss program. General and sleep-related quality 

of life, neurocognitive performance and subjective sexual function were assessed before and 6, 12 

and 18 weeks after therapy. T compared to placebo increased sexual desire (p = 0.004) in all men, 

irrespective of baseline T levels. There were no differences in erectile function, frequency of 
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sexual attempts, orgasmic ability, general or sleep-related quality of life or neurocognitive function 

(all p = NS). In those with baseline T levels below 8 nmol/L, T increased vitality (p = 0.004), and 

reduced reports of feeling down (p = 0.002) and nervousness (p = 0.03). Our findings show that 18 

weeks of T therapy increased sexual desire in obese men with OSA independently of baseline T 

levels whereas improvements in quality of life were evident only in those with T levels below 8 

nmol/L. These small improvements would need to be balanced against potentially more serious 

adverse effects of T therapy on breathing.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a common condition which affects approximately one in 

four middle-aged men. OSA is characterized by repetitive frequent complete and partial 

upper airway closures that cause blood oxygen desaturation and arousals (awakenings) from 

sleep. Biochemical androgen deficiency is independently associated with OSA and up to 

40% of men with OSA have serum testosterone (T) levels in the young adult hypogonadal 

range (Luboshitzky et al., 2002; Gambineri et al., 2003; Ak et al., 2013). Furthermore, T 

concentrations are lower in those with more severe OSA, particularly more severe 

hypoxemia, and OSA treatment with continuous positive airway pressure increases T 

(Grunstein et al., 1989; Luboshitzky et al., 2003). Putative central mechanisms by which 

OSA decreases T include interruption of pulsatile luteinizing hormone secretion by sleep 

restriction (Leproult & Van Cauter, 2011), sleep fragmentation (Luboshitzky et al., 2003) 

and/or repetitive hypoxia (Gambineri et al., 2003). Obesity, in particular central obesity, is 

recognized as the most specific sign associated with androgen deficiency (Buvat et al., 2013; 

Corona et al., 2013) and is also independently associated with OSA, and the combination of 

both OSA and obesity may further potentiate declines in circulating T (Liu et al., 2007).

Reduced sexual desire and erectile quality, low mood and cognitive impairment are 

symptoms common to both OSA (Budweiser et al., 2009; Jackson et al., 2011) and androgen 

deficiency (Rajfer, 2000; Janowsky, 2006; Travison et al., 2006). In a healthy population 

without comorbid disease, a single clinically meaningful cut-off to classify symptomatic 

androgen deficiency is not possible, as different symptoms become apparent at various 

thresholds of T ranging from 8 to 12 nmol/L (Kelleher et al., 2004; Wang et al., 2009). For 

example, fewer morning erections occur in men with T concentrations below 11–13 nmol/L 

(Seftel et al., 2004; Wu et al., 2010), erectile function is impaired below 8 nmol/L (Wu et al., 
2010) and sexual desire is reduced below 5–15 nmol/L (Salmimies et al., 1982; Seftel et al., 
2004; Zitzmann et al., 2006; Wu et al., 2010). Other thresholds have also been defined for 

quality of life related to vigor, walking more than 1 km, bending and stooping, feeling 

downhearted, loss of energy and fatigue (Wu et al., 2010). Hence there appears to be 

different thresholds for the appearance of symptomatic androgen deficiency in the healthy 

male population, but how or whether these thresholds apply to men with specific comorbid 

diseases is poorly defined, even for common comorbid conditions. The European Male 
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Aging study demonstrated that sexual function is the most specific symptom associated with 

T deficiency (Wu et al., 2010) whereas other psychological and physical symptoms are less 

specific and could be confused with symptoms of aging. Ultimately, establishing that T 

treatment actually improves symptoms will be required. In this respect, several small studies 

have reported improvements in memory and spatial cognition after T administration in older 

men, but generally only in those who had a lower baseline level of T (Cherrier et al., 2003; 

Janowsky, 2006).

No study to date has systematically examined the effect of T therapy on sexual function, 

neurocognitive function and reduced quality of life in men with OSA. This is relevant 

because obese men with OSA are at increased risk for sexual dysfunction, neurocognitive 

impairment and reduced quality of life (Young et al., 2002; Budweiser et al., 2009; Quan et 
al., 2011). The focus of this report was to examine the impact of standard dose T 

supplementation on sexual function, general and disease-specific quality of life and 

cognitive function in a randomized placebo controlled study of obese men with OSA. We 

also explored whether baseline T levels influenced these treatment effects. The primary 

purpose of the overall study, however, was to determine the effects of T treatment on sleep 

disordered breathing and cardio- metabolic health, both of which have been reported (Hoyos 

et al., 2012a,b).

MATERIALS AND METHODS

Participants

Participants were recruited from sleep disorders clinics at Royal Prince Alfred Hospital and 

the Woolcock Institute of Medical Research, Sydney, Australia. Participants were deemed 

eligible to take part if they were men aged over 18, obese (body mass index >30 kg/m2) and 

had at least mild OSA (apnea hypopnea index >10 events per hour). The exclusion criteria 

are described in detail elsewhere (Hoyos et al., 2012a,b). A standard medical history, 

physical examination and blood samples were obtained upon entry to the study. All subjects 

provided written informed consent and the study was approved by 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).

Study design

This study was a randomized double-blind, placebo-controlled parallel group study. All 

participants were randomly assigned to receive three intramuscular injections of either T 

undecanoate 1000 mg (Reandron; Bayer Schering, Berlin, Germany) or matching placebo, 

also supplied by the manufacturer. A registered nurse administered these injections at 

baseline, week 6 and week 12. In addition, all participants undertook a concurrent weight 

loss program, consisting of a dietician-prescribed 2500 kJ (600 kcal) daily deficit diet and 

exercise advice (at least 30 min brisk walking per day) previously described in detail (Hoyos 

et al., 2012a,b). Sexual function, quality of life and neurocognition were assessed at 

baseline, and at weeks 6, 12 and 18.
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Hormone analysis

Venous blood samples were collected in the early morning at baseline and at weeks 6, 7, 12 

and 18. Luteinizing hormone, follicle- stimulating hormone and total T were measured, and 

free T calculated using the Vermeulen formula (Vermeulen et al., 1999). Blood samples were 

stored at −80 °C and batched for assaying. All samples from each individual participant 

were performed in the same assay.

Sexual function and quality of life

A series of 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) 

(Ware & Sherbourne, 1992) and functional outcome of sleep (FOSQ) (Weaver et al., 1997) 

questionnaires, respectively. Analyses were performed on aggregated data using established 

scoring algorithms for various domains, as well as on single individual items of specific 

questionnaires that had previously been found to be associated with T levels (Weaver et al., 
1997; Wu et al., 2010). These questions related to feeling down and being a nervous person 

as well as the impact of health upon the ability to do vigorous activity, walking 1 km, and 

bending and kneeling. Self-rated levels of sleepiness over the last 2 weeks were assessed by 

the Epworth Sleepiness Scale and momentary sleepiness by the Karolinska and Stanford 

Sleepiness Scales (Johns, 2008).

Various facets of sexual function were measured by the visual analogue scale (Fennell et al., 
2010). Participants were asked eight questions regarding their degree of sexual thought, 

desire, erectile and ejaculatory function, as well as sexual frequency and satisfaction. 

Responses were expressed on a 0–1.0 scale.

Neurocognitive performance

Computerized neurocognitive function testing was conducted at the same time of day for 

each participant at baseline, 6, 12 and 18 weeks. Spatial cognition was assessed using the 

‘Tower of London’ (Shallice, 1982), 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 various colors were presented in different 

colored fonts. Participants were required to identify the color of the word, rather than the 

meaning of the word itself (Stroop, 1935). Reaction time 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 

(Dinges & Powell, 1985).

Statistical analysis

Statistical analyses were performed using SAS statistical package version 9.2 (SAS Institute, 

Cary, NC, USA). Significant differences were defined at p < 0.05. The randomization code 

was broken only after all data were collected and the database was cleaned and locked.

Outcome variables were differences from baseline at 6, 12 and 18 weeks with all analyses 

performed by intention-to-treat. Mixed model analysis was used to determine the overall 
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change from baseline. Within-group changes as well as between-group differences were 

assessed using models of treatment, time and its interaction. The influence of baseline T 

(total and free) on the effectiveness of T treatment was also explored on all outcomes. 

Baseline total and free T were included in separate mixed models as dichotomized factors 

using predefined cut points of baseline total T (8, 11 and 13 nmol/L) and free T (160, 220 

and 280 pmol/L). These thresholds had been previously identified for a range of symptoms 

from a large population-representative cohort (Wu et al., 2010). These models consisted of 

baseline T, treatment and its interaction. The interaction terms were examined, and if 

statistically significant, post hoc analyses comparing treatment effects at each strata of 

baseline T were performed. Significant interactions are illustrated in graphs where groups 

are stratified by both baseline T and treatment.

Additionally, in order to examine for a continuous effect of baseline total and free T, these 

were separately included in individual models as linear covariates. A separate analysis to 

examine for the continuous effect of age was also conducted.

RESULTS

The flow of participants throughout the study has been reported previously (Hoyos et al., 
2012a,b). Briefly, 54 participants completed the study (26 and 28 in T and placebo groups, 

respectively). Two participants who withdrew early from the study attended an exit visit and 

completed several procedures including the questionnaires. These results were recorded as 

their final study results (i.e. week 18). The baseline characteristics of the 67 men who were 

randomized into the protocol are shown in Table 1. There were no significant differences 

between the groups at baseline.

As expected, men who received active treatment showed increases in serum T and 

significant decreases in follicular stimulating hormone and luteinizing hormone compared to 

those in the placebo group as described previously (Hoyos et al., 2012a, b). T treatment 

increased sexual desire compared to placebo (Figs 1 & 2). This between-group difference 

first detected at week 6 (p = 0.0073) remained for the duration of the study and was 

independent of baseline T levels. There were no between-group differences in any other 

sexual function outcome including the number of sexual encounters, erectile or ejaculatory 

function (Fig. 2). Subjective sleepiness, SF36 and FOSQ domains and single questions did 

not differ between the two groups (p = NS, data not shown). T, compared to placebo, 

treatment did not change neurocognitive function as measured by the Stroop, Tower of 

London and PVT (Table 2). There was no difference in weight loss between the two groups 

(p = 0.16). After stratification, 62, 47 and 23% of participants had baseline T concentrations 

that were less than 13, 11 and 8 nmol/L, respectively. The interaction term of treatment and 

baseline total T dichotomized at a level of 8 nmol/L was statistically significant for degree of 

feeling down (p = 0.004), vitality (p = 0.01) and nervousness (p = 0.04), showing that the 

effect of the treatment was influenced by baseline T levels (Fig. 3). Post hoc analyses 

showed between-group differences between T and placebo-treated men with baseline total T 

of less than 8 nmol/L: improvements in feeling down (p = 0.0021), vitality (p = 0.004) and 

nervousness (p = 0.04). In contrast, there were no between-group differences between T and 

placebo-treated men with baseline total T levels above 8 nmol/L (all p = NS) (Fig. 3). For all 
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measured parameters mentioned, analogous analyses dichotomizing on predefined free T 

thresholds did not reveal any significant findings (data not shown). Furthermore, baseline 

total or free T concentrations had no influence on any other outcomes including any of the 

sexual parameters. Adding baseline total or free T concentrations or age as continuous 

covariates in separate mixed models did not alter the significance of any of the between-

group associations (data not shown).

DISCUSSION

This is the first randomized controlled study to investigate the effects of exogenous T 

supplementation on sexual function, quality of life and neurocognitive performance in obese 

men with OSA undergoing a weight loss program, but not otherwise being treated for OSA. 

We show that T administration, compared to placebo, increases sexual desire across a range 

of baseline T levels, but had no effect on erectile function, neurocognitive function or overall 

quality of life. Vitality, downheartedness and nervousness improved, but only in those with 

baseline T < 8 nmol/L. Sexual desire increased 6 weeks after a single standard dose of T 

undeconate and remained increased until the end of the study.

The effect of T on sexual desire did not depend on baseline (untreated) blood T 

concentrations: a consistent finding confirmed by extensive analyses incorporating baseline 

T as a continuous linear variable, and as dichotomized factors using three pre-defined cut 

points. The current findings are in line with a recent meta-analysis of randomized controlled 

studies evaluating the effect of T on sexual parameters (Corona et al., 2014). In particular, 

the meta-analysis found that T supplementation did not improve erectile function in a 

population of both hypogonadal and eugonadal participants, as seen in the current study. 

Conversely, a positive effect on sexual desire could be observed even for patients with higher 

baseline T levels (>12 nM). Other randomized controlled trials have shown improvements in 

several aspects of sexual function in other populations – for example, improvements in 

erectile function, intercourse satisfaction, sexual desire, overall satisfaction and orgasm in 

men with type 2 diabetes mellitus (Hackett et al., 2013) as well as erectile function and 

sexual quality of life in men with chronic obstructive pulmonary disease (Svartberg et al., 
2004). In contrast, other randomized controlled trials of T therapy show small, variable and 

inconsistent improvements in erectile function, sexual desire or sexual function (Svartberg et 
al., 2004; Bolona et al., 2007; Gianatti et al., 2014) and contradictory findings showing 

greatest effects in those with (Gianatti et al., 2014; Isidori et al., 2014) or without (Bolona et 
al., 2007) lower baseline T blood concentrations. For these reasons, collecting more data in 

well-characterized cohorts known to have sexual problems, such as men with OSA or 

diabetes mellitus, or simply otherwise healthy older men, may better resolve these 

contradictions. Better characterization of specific subject characteristics to predict better or 

worse response to T therapy is required.

Although other sexual activity domains did not improve, this may be due to relationship or 

social factors or no improvement in erectile function. Participants were not included on the 

basis of relationship status, and may not have had a regular partner during the study which 

would have curtailed the number of sexual attempts; non-partnered masturbation frequency 

declines with age, and both partnered sexual intercourse and non-partnered masturbation 
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frequency are likely to be lower in those with OSA due to concurrent poor health (Reece et 
al., 2010). An alternate explanation is that T therapy increases libido, but this simply does 

not translate into a detectable increase in sexual activity because the effect on libido was 

small and insufficient to motivate men to seek sexual activity. Additionally, 3 months of 

treatment may have been too short to see an improvement in erectile function, which may 

take a full year to achieve maximal response (Saad et al., 2011).

The lack of improvement in sleepiness and sleep-related quality of life is supported by the 

only other study reporting these outcomes in men with OSA which used higher doses of T 

than the present study (Liu et al., 2003). General quality of life, as assessed by the overall 

domains of the SF-36, was also unchanged which is consistent with a previous randomized 

controlled study in older men (Emmelot-Vonk et al., 2008). Previous studies have shown that 

some individual questions on the SF-36 are related to the level of T (Wu et al., 2010). The 

current study is consistent with presumptive thresholds in quality of life measures for not 

only symptoms, but in response to T therapy as we showed improvements in feeling down, 

vitality and nervousness in participants with baseline total T blood levels <8 nmol/L.

Testosterone therapy did not change neurocognitive measures of spatial ability, executive 

memory or reaction time. This is consistent with recent work that also found no change in 

executive function, memory and spatial cognition using large doses of T in presumably 

healthy young and older men without comorbid disorders (Young et al., 2010), although 

earlier smaller studies have reported improvements in memory and spatial cognition 

(Cherrier et al., 2003; Janowsky, 2006). Well-described cognitive changes have been 

described in men with OSA, including those with moderate to severe OSA similar to those 

in this report.

Although the effect of T on sexual function was not the primary outcome for this study, 

these outcomes are of interest, given the known effects in the non-OSA population. The 

randomized controlled design allows comparison between groups, despite participants not 

being included on the basis of symptoms or relationship status.

In conclusion, T therapy improved sexual desire in obese men with OSA regardless of 

baseline T levels in this 18 week study. There were no overall changes in neurocognition or 

quality of life; however, those with lower levels of baseline total T were shown to improve in 

the domains of vitality, feeling down and nervousness, as measured by the SF-36. Larger and 

longer term studies would be required to confirm persistence of improvements. These 

improvements in quality of life parameters, particularly in those with lower baseline T, need 

to be balanced against potential risks of T therapy, including potentially worsening OSA.
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Figure 1. 
Changes in sexual desire over time. Data are the mean change from baseline and standard 

error of the mean at each time point for men treated with testosterone (black line with 

triangles) or placebo (grey line with circles). The overall between group difference is 

indicated by the p value, determined by mixed model analysis.
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Figure 2. 
Between-group difference in sexual function. Data are between-group difference 

(testosterone minus placebo) and 95% confidence intervals of the change from baseline 

averaged across time in sexual function domains. Significant differences are indicated by **.
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Figure 3. 
Quality of life changes with testosterone for those with high (>8 nmol/L) and low (<8 

nmol/L) baseline testosterone concentrations. Data are the mean change from baseline and 

standard error of the mean for men treated with testosterone (squares) and placebo (circles) 

in men with baseline testosterone below (solid lines) and above (dashed lines) 8 nmol/L. 

Data are shown for feeling down (upper right panel), vitality (lower left panel) and 

nervousness (lower right panel). The p-values for the overall interaction term are shown at 

the bottom of each panel, and for between-group differences on the right-hand side of each 

panel. The solid bar indicates significant differences between testosterone and placebo in 

those with baseline testosterone concentrations below 8 nmol/L are shown with the solid 

vertical line, and above 8 nmol/L with the dotted lines.
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Table 1

Baseline participant characteristics

Control (n = 34) Testosterone (n = 33) p valuea

Age (years) 49 ± 1.6 48 ± 1.6 0.50

BMI (kg/m2) 36.6 ± 4.9 34.9 ± 4.3 0.15

Total AHI (events/h) 25.6 (17.0, 40.1) 30.4 (18.8, 37.9) 0.86

ODI (events/h) 24.1 (14.8, 34.0) 19.0 (10.6, 29.8) 0.16

Minimum SpO2 (%) 79.0 (74.0, 85.0) 85.0 (82.0, 87.0) 0.03

LH (U/L)b 3.1 (2.2, 3.6) 2.8 (2.2, 3.6) 0.41

FSH (U/L) b 4.5 ± 2.5 4.3 ± 3.7 0.76

Testosterone (nmol/L)c 11.8 ± 3.7 12.1 ± 5.2 0.77

Free testosterone (nmol/L)b 0.28 ± 0.07 0.29 ± 0.02 0.81

Sex hormone binding globulin (nM)d 20.4 (15.6, 28.8) 20.6 (16.5, 28.2) 0.81

Hypertension, n (%) 11 (32) 6 (18) 0.26

Hypertension medication, n (%) 10 (29) 5 (15) 0.24

Dyslipidemia, n (%) 6 (18) 4 (12) 0.51

Using PDE5 inhibitors (%) 0 0

Type 2 diabetes, n (%) 6 (18) 0 0.02

Values are mean ± standard deviation or median (interquartile range) unless otherwise stated. BMI, body mass index; AHI, apnea hypopnea index; 
ODI, oxygen desaturation index; SpO2, pulse oxygen saturation; LH, luteinizing hormone; FSH, follicle-stimulating hormone. Reference ranges: 

Testosterone 20–50 years: 6.0–29.0 nmol/L; >50 years: 5.0–30.0 nmol/L; free testosterone 80–370 pmol/L; sex hormone binding globulin 14.0–
75.0 nmol/L.

a
The p values were calculated by Student’s t-test, Mann–Whitney U or Fisher’s exact test where appropriate.

b
Denotes data available in 66 participants.

c
Denotes data available in 64 participants.

d
Denotes data available in 65 participants.
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