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Objective. Obstructive sleep apnoea (OSA) is a

relatively common condition producing disabling

somnolence and profound physiological responses to

hypoxaemic episodes during sleep, including

significant oscillations in blood pressure. This study

aimed to provide controlled data on the interaction

between OSA and endocrine axes to establish

whether overrepresentation of pathology such as

hypertension and hypogonadism in OSA subjects

might have an endocrine basis.

Design, setting and subjects. Parallel randomized

sham placebo controlled 1-month trial of nasal

continuous positive airway pressure (nCPAP) in 101

male subjects with OSA presenting to a respiratory

sleep clinic.

Methods. Analysis of gonadotrophins, testosterone,

sex hormone binding protein (SHBG), prolactin,

cortisol, thyroid stimulating hormone (TSH), free

thyroxine (free T4), insulin-like growth factor-1

(IGF-1), renin and aldosterone were performed at

baseline and after 1 month’s active or placebo

nCPAP intervention. Quality of life questionnaire

scoring was also recorded over the same time period.

Results. Testosterone and SHBG showed significant

negative correlations with baseline OSA severity.

Active treatment of OSA produced SHBG elevation

and TSH reduction (P £ 0.03). Both groups showed

an increase in aldosterone (P < 0.001) and IGF-1

(P £ 0.03), associated with a large improvement in

subjective quality of life scoring.

Conclusions. These findings demonstrate significant

changes in endocrine axes not previously reported in

a placebo-controlled trial. OSA is a recognized

reversible cause of testosterone reduction; SHBG

suppression correlating to baseline OSA severity

supports a diagnosis of secondary hypogonadism.

Significant rises in aldosterone and IGF-1 on

treatment coincide with increased physical activity

and an improved quality of life score.
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Introduction

Obstructive sleep apnoea (OSA) is an upper airway

respiratory disorder of varying severity affecting

approximately 5–7% of the adult male population. It

is characterized by recurrent airway collapse and

obstructive apnoeic episodes during sleep resulting

in hypoxaemia and arousal from sleep, up to

300–400 times a night. On the basis of uncontrolled

trials OSA is thought to produce reversible altera-

tions in the endocrine-gonadal axis which reverts

back to physiological levels following effective treat-

ment with nasal continuous positive airway pres-

sure (nCPAP) [1].

Restoration of breathing following each recurrent

apnoea is associated with intermittent blood
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pressure elevation effected by increases in sympa-

thetic drive mainly in response to arousal [2, 3].

Sustained hypertension often seen in longstanding

OSA subjects may result from prolonged repetitive

stimulation of the renin–aldosterone axis [4].

Prolactin (PRL) and cortisol are known to be

reversibly elevated in an hypoxic stress response

and analysis of these parameters in the context of

effective treatment of OSA would therefore be

expected to show significant improvement. As with

other forms of systemic illness, suppression of

gonadal and thyroid responsiveness occur during

the development of OSA with reversal of these

changes in treatment [1, 5].

Previous work on the endocrine changes seen in

OSA has suggested an independent effect of the

disease process [5]. However, some of the risk factors

promoting the development of OSA (obesity, alcohol,

etc.) may also have direct effects on hormone

production, for example, sustained pseudo-cushin-

goid hypercortisolaemia in obesity or gonadal failure

common in excessive alcohol consumption. This

introduces difficulties in interpreting whether OSA is

an independent risk factor for any associations

found. One of the objectives of this study was to

measure the endocrine axis alterations in response

to effective treatment to circumvent this problem of

confounding variables. There are substantial pla-

cebo responses in both self-reported health status

and sleepiness following treatment [6] that might

produce changes in hormone levels for reasons not

related to the resolution of the OSA itself. For

example, a reduction in PRL or cortisol stress-related

response might be expected with an improvement in

perceived health generated via a placebo effect.

This parallel sham placebo-controlled double-

blind trial of nCPAP in the treatment of moderate

to severe OSA in 101 patients allowed us the

opportunity to initially examine baseline correla-

tions between OSA severity and gonadal, adrenal,

thyroid and growth hormone indices. These endo-

crine axes were then reassessed to explore the

effects of 1-month nCPAP therapy compared with

sub-therapeutically treated control patients. The

data on subjective and objective sleepiness, inclu-

ding quality of life scores, has been published

elsewhere [6].

This is the first published study of intra-individual

endocrine variation in response to treatment for

OSA compared with placebo control group.

Methods

Patients

Male patients with peripheral OSA were drawn from

the Oxford Sleep Clinic – full details of this study are

described in the initial publication [6]. They were

considered eligible for entry if they had not received

nCPAP treatment before, showed excessive daytime

sleepiness (Epworth Sleepiness Score, ESS: ‡10) and

had greater than 10 episodes per hour of a greater

than 4% fall in arterial oxygen saturation (SaO2)

during a sleep study with confirmatory evidence of

pharyngeal collapse (Visi Lab; Stowood Scientific

Instruments, Oxford, UK). All eligible patients were

invited to enter the study unless they chose an

alternative therapy (e.g. weight loss, tonsillectomy),

required urgent nCPAP therapy because of associ-

ated respiratory failure or imminent unemployment

due to sleepiness, declined to participate or had a

mental disability preventing the attainment of

informed consent.

Analytical techniques

Follicle stimulating hormone (FSH), luteinizing hor-

mone (LH), PRL, cortisol, thyroid stimulating hor-

mone (TSH) and free thyroxine (free T4) were

measured using specific heterogeneous sandwich

magnetic separation immunoassays on an Immuno

1 analyser (Bayer, Newbury, UK). The imprecision of

these measurements ranged from 2.6 to 15.4% for

the above assays. No recognized causes of assay

interference were identified.

Sex hormone binding protein (SHBG) and insulin-

like growth factor-1 (IGF-1) were measured using

manual monoclonal antibody immunoenzymomet-

ric assays. These systems show intra-assay coeffi-

cients of variation (CV) of less than 10% at all levels

of testing. There was no evidence of cross-reactivity

with other binding globulins in the SHBG assay, or

insulin, IGF-2 or pro-insulin in the IGF-1 assay.

Total testosterone, renin and aldosterone were all

measured using manual radioimmunoassay (RIA)

techniques. The testosterone assay (Medgenix Diag-

nostics, Milton Keynes, UK) had greater imprecision

at low values with CV values of 20% at

0.8 nmol L)1, reducing to less than 9% for values

up to 30 nmol L)1. The renin and aldosterone

assays have maximum recorded CV values of

� 2003 Blackwell Publishing Ltd Journal of Internal Medicine 254: 447–454

4 4 8 N . M E S T O N et al.



8.1%. There were no identified interferences in any

of these RIAs.

Protocol

Following the diagnostic sleep study, patients were

seen in the outpatient department to confirm eligi-

bility. After obtaining informed consent they were

booked into the sleep laboratory for an overnight

trial of nCPAP. Sleepiness (objective and subjective

measures) and quality of life (SF-36 [7]) were

assessed prior to the start of the trial by question-

naire [6]. The SF-36 quality of life scale explores

eight areas of self-reported health status including

‘energy and vitality’.

All blood samples were obtained mid-morning to

allow direct comparisons of diurnally variant hor-

monal production. Plasma and serum samples were

separated, spun and frozen at )70 �C until analysis.

All patients were shown a video about nCPAP and

a specialist nurse taught each patient how to use the

equipment. Patients were then assigned randomly to

either therapeutic or sub-therapeutic (placebo)

nCPAP using a numbered series of opaque sealed

envelopes prepared in advance of the trial. Patients

randomized to therapeutic nCPAP had their treat-

ment pressure determined using the DeVilbiss Hori-

zon autotitration device (Sunrise Medical, Somerset,

PA, USA) [8]. Patients’ randomized to placebo had

an identical system, but the pressure was set to

minimum with extra holes cut in the collar at the

mask end of the connection tubing. This maintained

pressure at a sub-therapeutic level (about 1 cmH2O)

and ensured no re-inhalation of CO2.

The following morning, patients were sent home

with either a therapeutic or placebo nCPAP

machine, according to the randomization schedule.

All patients had telephone access to specialist nurses

(blind to the randomization). At 4 weeks, the

patients were readmitted for an identical series of

tests and blood sampling. The cumulative time from

the clock in the nCPAP machine was used to

calculate mean nightly use over the month.

The overall severity of the OSA in the patients on

placebo nCPAP was not altered by the use of a sub-

therapeutic pressure [6]. All subjects were changed

to therapeutic nCPAP at the end of the trial month,

which fell within the normal NHS waiting time for

treatment. The study received approval from the

local ethics committee (COREC number 96.127) and

all subjects gave their informed consent. It was

funded partly by the NHS Executive (Anglia and

Oxford), grant number HSR/UOX/0296/72, and

partly from internal charitable funds.

Statistical analysis

All data were entered into SPSS (version 7.5.1) and

analysed using Pearson’s correlation coefficients,

paired and unpaired t-tests as appropriate. Results

were normally distributed. Paired t-tests were used

to look at the individual effects of placebo or active

nCPAP. Unpaired t-tests were used to compare

endocrine changes in hormone levels between

groups. Stepwise multiple linear regression analysis

was used to examine the independent effects of OSA,

after adjusting for obesity.

Results

During the recruitment period 172 eligible patients

were identified, of whom 65 patients were excluded

because of the following reasons: 34 refused, seven

were judged to be mentally impaired, 14 chose

alternative therapies, eight needed urgent treatment

and two entered a different study. Six patients did

not attend the 1-month follow-up (four placebo, two

active) and were excluded from the analysis. There-

fore, a total of 101 patients (49 placebo, 52 active)

completed the trial. A small number of blood

samples were of inadequate volume to allow com-

plete analysis; however the lowest number of paired

(pre- and post-intervention) samples available for

any particular analysis was 84. General baseline

characteristics of the two groups were comparable

and are reported in greater detail elsewhere [6].

Use of nCPAP by both groups was similar [4.6 h

per night (SD 2.4) versus 5.4 h per night (SD 1.6)

placebo and treatment groups, respectively]. There

were large increases in SF-36 scores in both groups

– reflecting improvement in perceived quality of life.

Most significantly, the ‘energy and vitality’ dimen-

sion rose from 33.9 (SD 17.5) to 50.9 (20.5) in the

placebo group (P < 0.0001) and from 35.4 (22.4)

to 73.0 (17.0) in the active group (P < 0.0001).

The full SF-36 data have been reported in a previous

publication [6]. The similar use of nCPAP by the two

groups and the marked placebo response strongly

suggests that patients remained blinded to their

treatment allocation.
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Table 1 shows the correlations between baseline

hormone levels and initial OSA severity (quantified

from the number of greater than 4% SaO2 dips per

hour, desaturation index) as well as endocrine

correlation to obesity (kg m)2). LH, FSH, testoster-

one, SHBG and the free T4 correlated significantly

with baseline OSA severity. In linear regression

analysis the only positive correlations with obesity

were testosterone and renin. Prior allowance for

obesity lowered the correlation between testosterone

and OSA severity from 0.44 (P < 0.001) to 0.34,

but which still remained significant (P ¼ 0.002).

Table 2 shows the hormone levels before and after

placebo and active nCPAP intervention. In addition,

P-values of unpaired t-test comparing the change in

treatment between the two treatment groups have

been calculated. Many of the analysed hormones

undergo diurnal variation in secretion, and hence

strictly timed blood sampling allowed direct com-

parison of the values obtained on both occasions.

The reference intervals of these hormones from each

analysing laboratory have been included.

The most striking changes in Table 2 were in

aldosterone levels, which rose similarly in both the

placebo and actively treated groups by about 30%.

This was not associated with any change in renin

levels. IGF-1 also rose significantly in both groups.

TSH levels fell in the active nCPAP group

(P < 0.001), with no alteration in the placebo group

and statistical significance between the groups

(P ¼ 0.02), and no significant free T4 alteration in

the therapeutic group. Total testosterone levels did

not rise with active nCPAP as had been previously

reported [1], although SHBG did increase signifi-

cantly.

Discussion

The requirement to carry out a randomized placebo-

controlled trial to prove the efficacy of nCPAP as a

treatment for OSA [6, 9] allowed us to examine

hormonal levels related to baseline severity and

obesity as well as in response to treatment using

nCPAP. The most striking findings were the eleva-

tions in aldosterone and IGF that occurred in both

active and placebo groups, suggesting a nonspecific

Table 1 Hormone levels: correlation with OSA severity and

obesity

Hormone

Correlation with

OSA severity

(>4% SaO2

dips per hour) P-value

Correlation

with obesity

(kg m)2) P-value

LH )0.24 0.024 )0.21 0.037

FSH )0.30 0.004 )0.17 NS (0.07)

Prolactin )0.02 NS )0.04 NS

Testosterone )0.44 <0.001 )0.49 <0.001

SHBG )0.30 0.006 )0.18 NS (0.08)

TSH 0.04 NS 0.06 NS

Free T4 )0.23 0.037 )0.16 NS

Cortisol 0.02 NS )0.13 NS

Aldosterone 0.18 NS 0.16 NS

Renin 0.06 NS 0.21 0.039

IGF-1 )0.10 NS 0.00 NS

NS, not significant.

Table 2 Hormone levels before and after treatment

Results are

mean and SD Reference range

Sham NCPAP Active NCPAP Sham/ active

differences

Pre Post P-value Pre Post P-value P-value

LH 3–8 U L)1 6.07 (2.70) 5.34 (3.00) 0.04 5.99 (2.55) 5.81 (2.42) 0.73 0.30

FSH 0.5–5 U L)1 6.50 (3.01) 6.00 (3.03) 0.02 6.53 (4.20) 6.61 (3.64) 0.90 0.13

Prolactin <450 m U L)1 161 (64) 162 (83) 0.38 160 (81) 167 (113) 0.46 0.28

Testosterone 9–42 nmol L)1 14.4 (5.0) 12.9 (4.4) 0.004 13.5 (5.8) 13.2 (4.7) 0.94 0.04

SHBG 15–120 nmol L)1 34.7 (20.1) 30.6 (13.4) 0.20 26.8 (10.8) 29.9 (15.1) 0.04 0.03

TSH 0.5–6.0 mU L)1 1.63 (0.72) 1.67 (0.86) 0.63 1.72 (0.76) 1.40 (0.59) <0.001 0.02

Free T4 9–25 pmol L)1 13.5 (2.1) 14.6 (1.5) <0.001 14.3 (2.2) 14.9 (2.5) 0.07 0.09

Cortisola 280–700 nmol L)1 226 (88) 273 (100) 0.024 236 (92) 255 (114) 0.400 0.35

Aldosteroneb 100–900 pmol L)1 307 (102) 402 (132) <0.001 321 (121) 411 (125) <0.001 0.78

Reninc 1.1–4.3 pmol mL)1 h)1 2.43 (0.81) 2.52 (0.98) 0.52 2.69 (2.45) 2.67 (2.23) 0.88 0.56

IGF-1d 7.5–30 nmol L)1 9.73 (3.74) 11.15 (4.38) 0.016 10.50 (3.23) 11.59 (3.48) 0.03 0.71

Results are mean (SD).
aReference range quoted at 09.00 hours. bReference range quoted to include recumbent and up to 12.00 hours. cReference range quoted to

include recumbent and after 30 min erect. dReference range quoted for 40–60-year-old subjects.
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effect of intervention, which may be related to the

improved quality of life scores reflecting improved

physical activity.

Baseline correlation with obstructive sleep apnoea

severity

The correlation between reduced testosterone and

baseline OSA is thought to be due to increased sleep

fragmentation [10] and reduced oxygenation, both

of which are known to inhibit testosterone produc-

tion [11]. The present study supports these data,

with a corrected b coefficient for hypoxaemia of

)0.32 equating to a reduction of 3.2 nmol L)1 in

testosterone for every increase by 10 h)1 in the

desaturation index. This baseline suppressive effect

of OSA on total testosterone levels independent of

obesity is consistent with secondary hypogonadism

induced by systemic illness.

Baseline correlations with obesity

Luteinizing hormone, testosterone and renin showed

significant independent correlations with obesity.

Obesity has been shown to decrease both total

testosterone and SHBG, thus maintaining free

testosterone levels [except in the massively obese

(weight >220 kg) in whom some reduction in the

free hormone was seen] [12, 13]. This testosterone

reduction may result from elevated adipose tissue

aromatase activity increasing conversion of testos-

terone to more rapidly cleared metabolites, some of

which feed back on the hypothalamo-pituitary axis

to prevent gonadotrophin elevation [12], supported

by LH suppression in the present data. Resultant

reductions in gonadal hormones concentrations

underlie clinical symptoms of reduced libido and

possibly impotence [14, 15]. The b coefficient for

body mass index (BMI) was )0.35, thus testosterone

fell by a mean of 1.75 nmol L)1 for every rise in BMI

of 5 kg m)2.

Hypertension develops in almost 60% of obese

individuals [16]. Metabolic changes seen in obesity-

induced hypertension include volume expansion,

sodium retention, elevated sympathetic nervous

system and renin–aldosterone activity, reduced

atrial natriuretic peptide (ANP) levels and disturbed

insulin and glucose metabolism [17]. Elevated

leptin-driven sympathetic renal outflow combined

with reduced ANP levels – as a result of clearance

receptor overexpression on adipocyte membranes –

are possible underlying mechanisms of sodium

retention and volume expansion [16]. There is also

data suggesting elevated production of vasoactive

substances, such as angiotensin II and nonesterified

fatty acids from adipocytes. Although no significant

changes in systolic or diastolic blood pressure were

noted in the study group, an extension of this

protocol using 24-h measurements has demonstra-

ted diurnal falls in both systolic and diastolic blood

pressure [18, 19].

Treatment effects

Gonadal axis

Testosterone. Previous uncontrolled studies have

suggested an elevation of suppressed testosterone in

response to treatment of OSA. In Santamaria et al.’s

1988 study of 15 men with OSA the reduction in

testosterone levels correlated with the initial severity

of sleep hypoxaemia [20]. Following pharyngeal

surgery in 12 of the patients, there was a small

average increase in testosterone but this study

lacked untreated control subjects. A recent study of

testosterone and LH production overnight in OSA

and control subjects, employing frequent blood

sampling, showed a significant reduction in overall

testosterone release [21]. Of the small OSA group

40% were defined as hypogonadal with testosterone

measurements below the reference interval on early-

morning sampling.

In a much larger cross-sectional study of 225 men

undergoing sleep studies [1] the reductions in total

testosterone, SHBG and free testosterone were

significantly correlated to baseline severity of sleep

apnoea. A longitudinal study involving 43 OSA

subjects with no control subjects [22] showed that

total testosterone and SHBG levels rose following

3 months of nCPAP treatment. The present study

supports SHBG elevation but showed no change in

total testosterone, leading us to assume there was no

clinically effective increase in free testosterone.

In Grunstein et al.’s study [1] the degree of OSA

was more severe than in this study and the

treatment interval was extended at 3 months. A

subset analysis of the more severe patients (desat-

uration index >30 dips per hour, n ¼ 41) did not

show a significant change in testosterone compared

with placebo. This could be explained if the observed

hypogonadism in OSA was only indirectly related to
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the OSA itself. Alternatively, it may require effective

treatment beyond 1 month for measurable recovery

of the pituitary-gonadal axis to occur.

SHBG. Grunstein et al. showed SHBG to be cor-

related to the degree of sleep fragmentation [1] and

the increase in SHBG seen in this study may result

from increased unbroken sleep, although the mech-

anism remains undefined. LH and FSH were signifi-

cantly reduced at baseline, correlating to OSA severity

and consistent with a central hypogonadotrophic

hypogonadism rather than primary gonadal failure.

This secondary hypogonadism may be influenced by

the wider systemic repercussions of OSA pathophys-

iology, akin to the induction of hypogonadotrophic

hypogonadism in any form of chronic illness.

This data supports OSA as a cause of acquired

hypogonadism from baseline correlations although

time restrictions of this study prevented conclusive

demonstration of recovery in the gonadal axis with

effective nCPAP treatment, in this first placebo

controlled trial. In a future study it would be

important to monitor gonadotrophin, SHBG and

free testosterone changes over a longer treatment

period, such as 6–12 months. The clinical relevance

of this form of hypogonadotrophic hypogonadism on

long-term well-being of subjects affected by OSA,

particularly on bone mineral density and cardiovas-

cular risk in males, has yet to be established, as has

the extent of extrapolation of these data to females

affected by OSA.

Thyroid hormones. There have been many reports

of the association between hypothyroidism and OSA

[23, 24] based on the assumption that hypothy-

roidism could exacerbate OSA. The prevalence of

hypothyroidism in OSA is actually no greater than

in the general population [25, 26]. In this study,

there was a small significant inverse correlation

between OSA severity and free T4 levels but not

TSH. There was no apparent association between

obesity and either hormone.

The thyroid axis responds to systemic illness by an

elevation in free T4, stimulated by reduced T4 to T3

conversion in peripheral tissues, but the expected

feedback-initiated elevation in TSH production is

often prevented by direct hypothalamic suppression.

Treatment of OSA compared with placebo in this

study resulted in a significant reduction in TSH

without a reciprocal elevation in free T4 levels,

consistent with the pattern of recovery from non-

thyroidal illness [27].

Adrenal hormones. 1 Glucocorticoid: Early reports

suggested a stimulatory stress-effect of OSA on the

pituitary-glucocorticoid axis [28] but subsequent

data have not supported this. Grunstein et al. [1]

found no significant alteration in cortisol in patients

with OSA and no effect of treatment on this axis. The

results of the present study agree with Grunstein

et al., showing no relationship of cortisol to OSA

severity and no measurable response to treatment

compared to placebo.

2 Mineralocorticoids: No relationship was found

between initial OSA severity and aldosterone or renin

levels. Unexpectedly aldosterone levels rose about

30% in both the placebo and active treatment groups.

Venepuncture was carried out strictly according to

the protocol with standardizing time of sampling – as

a result of diurnal hormonal variation – and imme-

diate presampling patient activity. No published data

was found specifically on the effects of OSA on the

mineralocorticoid axis at the time of this study,

although hypertension is common in OSA patients

and alterations in mineralocorticoid production

may provide an aetiological explanation.

In an original randomized controlled trial (RCT)

published in 1999 by the authors [6] a substantial

placebo effect has been reported on perceived

sleepiness and quality of life, particularly energy

and vitality components. This implies a more active

existence in both groups at the end of the study. It is

well recognized that renin is elevated in response to

systemic illness [29, 30], implying a reduction in

renin output might be expected in a study of

extended duration. The lack of documented change

in the renin axis in this data implies that aldosterone

may normalize first on recovery, alternatively aldo-

sterone may be more strongly influenced by other

secretagogue factors.

IGF-1. Growth hormone (GH) secretion is pulsa-

tile with peak production occurring at night in

adults [31, 32]. The half-life of GH is short but its

metabolic effects are exerted by local tissue and

hepatic production of IGF-1, which usually corre-

lates well with 24-h GH profiles in health [33].

Obesity is known to be a GH hyposecretory state,

although IGF-1 levels tend to be preserved [34]; the

results in the present study showed no correlation of

IGF-1 with obesity.

In critical illness IGF-1 levels reduce secondary to

loss of diurnal variation and pulsatility of GH

secretion [27]. Grunstein found that IGF-1 levels
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were reduced in men with OSA, correlating strongly

with the lowest oxygen saturation reached during

sleep [1]. No relationship was found between IGF-1

and OSA severity, even when reanalysed using

mean nocturnal SaO2 rather than >4% SaO2 dips

as OSA severity indices or severely affected indi-

viduals only.

In addition Grunstein et al. found a small rise in

IGF-1 following nCPAP for 3 months [1]. In the

present data the rise in IGF-1 in both active and

placebo groups is more likely explained by increased

physical activity, as evidenced by the increased

energy and vitality dimension of the SF-36 scores.

Akerstedt et al. [10] originally concluded that sleep

deprivation resulted in lower levels of psychological

and physical activity. Recovery from any systemic

illness is also usually accompanied by reversal of

suppression of GH secretion and IGF-1 activity.

Exercise has been shown to directly stimulate GH

secretion and elevation of activity levels may there-

fore be responsible for the return of physiological GH

release [32].

Obstructive sleep apnoea results in a greater

impairment of GH secretion and peripheral IGF-1

insensitivity than simple obesity [34]. Both of these

changes may result from the occurrence of recurrent

nighttime hypoxia. Obesity centrally reduces GH

diurnal pulsatility – restored by nCPAP prior to

measurable changes in BMI [35, 36] – similar to the

hypogonadotrophic hypogonadism induced by OSA.

Testosterone has a positive influence on IGF-1

synthesis and release, so elevations in IGF-1 seen

in both groups may actually reflect recovery of OSA-

induced GH or gonadotrophic axis suppression.

Prolactin. Prolactin levels were not correlated to

OSA severity and were unaffected by nCPAP. This

agrees with previous findings in uncontrolled studies

[1, 37] although PRL can be a useful marker of

acute, severe, illness-induced stress.

Conclusions

This study has shown that increasing OSA severity is

associated with lower levels of LH, FSH, free T4,

SHBG and total testosterone, with an exacerbating

effect in the presence of obesity for the latter. The

changes following active treatment for OSA, relative

to placebo, include elevation of SHBG and a reduction

in TSH production. Both active and placebo inter-

vention for 1 month produced rises in aldosterone

and IGF-1 thought to be related to increased physical

activity in both groups. The present data confirms

OSA as a cause of acquired hypogonadism, inde-

pendent of the potential compounding factor of

concurrent obesity. This suggests dynamic hypothal-

amo-pituitary-gonadal axis testing prior to treatment

of OSA is difficult to interpret and should be delayed

until after successful treatment of OSA if possible.

There is a need for a repeat study of extended

treatment duration to clarify the changes in IGF-1,

thyroid, adrenal and gonadal axes. These data also

show neuroendocrine responses to sleep apnoea

may be unified by a common pathological response,

similar to that seen in other chronic systemic

illnesses, with some early responses in IGF-1, TSH

and aldosterone analytes supporting reversion back

to a more physiological situation.
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