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Pituitary-gonadal function in men with
obstructive sleep apnea.
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OBJECTIVES : Decreased libido and a decline in morning serum testosterone lev-

els were reported in men with obstructive sleep apnea (OSA). Our study aimed
to evaluate the pituitary-gonadal axis in middle age men with OSA before and
after treatment with nasal continuous positive airway pressure (CPAP).
MATERIAL AND METHODS : Measurement of the nocturnal serum luteinizing
hormone (LH) and testosterone levels and sleep recordings before and after
nine months of CPAP treatment in five men with OSA aged 49.5±5.2 years.
Patients were evaluated during nocturnal sleep at base line and during CPAP
treatment.
Serum LH and testosterone levels were determined at 20 minutes interval
between 1900h and 0700h with concomitant determination of sleep quality, respiration and oxygen saturation.
RESULTS : At base line, patients had higher RDI and PaO2<90%, lower mean
and integrated (AUC) values of LH and testosterone. During CPAP treatment,
RDI and PaO2<90% were normal. Mean and AUC values of testosterone and
LH increased.
CONCLUSIONS : OSA in men is associated with dysfunction of the pituitarygonadal axis. The central suppression of nocturnal testosterone in these
patients is partially corrected during chronic CPAP treatment.
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Abbreviations
1. OSA
2. CPAP
3. RDI
4. PaO2< 90%
5. LH
6. AUC
7. REM sleep
8. CV

Study protocol
Obstructive sleep apnea
nasal continuous positive airway pressure
Respiratory disturbance index
oxygen saturation below 90%
Luteinizing hormone
Area under the curve
Rapid eye movement sleep
coefficients of variation

Introduction
Sleep apnea syndrome is mostly associated with
cardiovascular co-morbidity [1–3]. Less is known
about the impact of the nocturnal apneic events on the
reproductive system. The sleep-related rise in testosterone, which in young adults is linked with the first
REM sleep episode [4], and is dependent on the integrity of the sleep process [5], was shown to be affected in
sleep apnea [6]. Decreased morning testosterone concentrations were found in male patients with OSA [7],
and middle-aged men with sleep apnea were shown
to secrete less LH and testosterone throughout sleep
compared with healthy age matched controls of similar
body weight [8]. The present study was undertaken
to investigate the effects of nasal continuous positive
airway pressure (CPAP) treatment on LH and testosterone secretion in sleep apnea.

Methods

Diagnostic procedure of OSA
Patients evaluated for OSA first completed a comprehensive questionnaire on their sleep and medical
history. Diagnostic sleep recordings included: Electrooculography, electromyography, electroencephalography, respiration, and oxygen saturation. Respiration
was recorded using nasal and oral thermistor and a
thoracic strain gauge. The oxygen saturation level was
determined by a finger pulse oximeter. We determined
the percentage of time spent asleep with oxygen saturation below 90% (PaO2 <90%). Apneas and hypopneas were counted, and the respiratory disturbance
index (RDI) was calculated by dividing their total
number by hours of sleep. Apnea was defined as a cessation of airflow through the mouth and nose for more
than 10 sec. Hypopnea was defined as a decrease in the
amplitude of the respiratory signal of at least 50% for a
minimum of 10 sec, followed by either a decrease in oxygen saturation of 4% or signs of physiological arousal.
A diagnosis of OSA was based on a combination of
characteristic symptoms (loud and disturbing snoring,
excessive daytime sleepiness, morning fatigue) and a
finding of RDI greater than 10 [2, 9–10].
Subjects
Five men (age 49.5±5.2 yr) diagnosed as having severe obstructive sleep apnea (RDI, 52.6 ± 17.4; PaO2
<90%, 7.1 ± 8.8%) participated in the study. Subjects
underwent whole night conventional sleep recording
because of suspected sleep apnea before the present
study. The Helsinki Committee of the Afula Medical
Center (Afula, Israel) approved the study. All participants gave their informed consent before the start of
the study.
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Subjects were admitted to the Sleep Research Center at 1600 h. At 1700 h, an IV catheter was inserted
into an antecubital vein and was kept patent with a
slow infusion of 0.9% NaCl. Blood samples (3 ml) were
collected every 20 min from 1900–0700 h. From 2200–
0700 h, lights were off, and subjects retired to sleep.
Conventional sleep recordings were obtained from
2200–0700 h, in single bed, air-conditioned, sound-attenuated rooms. A second night of sleep recordings was
performed on all men with OSA to determine the optimum air pressure to use with the CPAP device. This
was done by gradually increasing the CPAP pressure
until apneas disappeared. If apneas returned because
of changes in either body position or sleep stages, the
attending technician modified pressure level accordingly. A second experimental night was performed
after at least nine months of CPAP treatment for the
determination of post treatment nocturnal serum hormone levels and sleep recordings.
Analysis of sleep stages
Electrodes were attached for the following electrophysiological recordings: 2 electroencephalograms (levels C3-A2 and C4-A1), 2 electrooculograms, and 1 electromyogram of the mentalis. Sleep stages were scored
in 30sec epochs according to conventional criteria [11].
CPAP Device
Patients with OSA were fitted with a commercially
available CPAP device (Respironics, Murrysville, Pa).
The level of pressure required to achieve a normal
respiration was established during an all-night sleep
recordings. Pressure ranged from 4 to 10 cm H2O
(mean level=6.4±1.4 cm H20). The mean daily use of
the CPAP device as determined by the built in meters
was 5.2 ± 2.4 hours per day.
Hormone measurements
Blood was centrifuged, immediately separated, and
stored at –20 C until assayed. Serum LH and testosterone levels were determined by immunoradiometric
technique (Biodata Diagnostics, Rome, Italy). The LH
intraassay coefficients of variation (CV) were 2.1%
and 3.2% for low (2.2–3.3 IU/liter) and high (27– 41
IU/liter) concentrations, respectively. The interassay
CVs were 3.7% and 0.8%, respectively. The sensitivity of the assay was 0.15 IU/liter. The testosterone
intraassay CV were 6.0% and 3.0% for low (2.2– 4.0
nmol/liter) and high (29.4 –62.0 nmol/liter) concentrations, respectively. The interassay CVs were 1.9% and
1.6%, respectively. The sensitivity of the assay was
0.15 nmol/liter.
Statistical analysis
Mean and integrated [area under the curve (AUC)]
serum LH and testosterone levels from 1900–0700h
were determined in the two experimental periods. The
onset of the testosterone rise was defined as the time
of the first occurrence of at least three consecutive
samples exceeding the mean levels obtained between
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1900 and 2200h by more than one SD. The data
of the OSA patients before and after CPAP
treatment were compared by the signed rank
test. Significant LH and testosterone secretory
pulses were identified using the pulse detection
program ULTRA [12]. The general principle of
this algorithm is the elimination of all peaks
for which either the increment (difference between the peak and the preceding trough) or
the decrement (difference between the peak
and the next trough) does not exceed a certain
threshold related to measurement error. The
standard deviation of the error associated with
each calculated secretory rate was calculated
following the theory of error propagation, assuming normally distributed errors on plasma
levels. For each significant pulse, the amplitude was defined as the difference between the
level at the peak and the level at the preceding
trough. We determined the number and interpulse interval of LH and testosterone pulses,
the absolute increment of the pulse and the
half-life, using a threshold of 2 CVs.

Results
All subjects completed the experimental
paradigm. CPAP treatment significantly reduced RDI (p< 0.003) and PaO2<90% (p<
0.02) and improved sleep quality (Tables 1–2).
CPAP treatment did not affect the occurrence
of the first REM sleep episode. It was observed
at 24:04±0:51h in comparison to 23:24±0:47h
after CPAP (difference not significant). REM
latency however, was significantly shorter
after treatment (0:53±0:25h vs. 2:11±0:35h;
p<0.003). All participants showed a welldefined nocturnal testosterone rise. Before
treatment, testosterone onset was observed at
01:00h and after CPAP at 24:00h. The mean
and AUC values of both LH and testosterone
before treatment were lower than the values
after treatment (table 3, figures 1–2) with
a significant increase in mean testosterone
levels during CPAP treatment (p< 0.04). The
first REM sleep period antedated the testosterone onset by 54 minutes at base line and by
76 minutes during CPAP treatment. Analysis
of LH and testosterone pulse characteristics
(table 4) revealed that before treatment patients had similar LH pulse frequency but of
longer duration and lower increment than after CPAP treatment. There was no difference
in testosterone pulse characteristics before
and after treatment, except for relative increment data.

Discussion
In the present study, we demonstrated
that in men with sleep apnea amelioration of
the nocturnal hypoxia and apneic events during CPAP treatment, were associated with a

Table 1. Clinical characteristics of the study population
[Values are given as mean ± SD]
Parameter

OSA

CPAP

Age [Years]

49.5±5.2

49.8±5.6

BMI [Kg/m2]

31.7±4.7

31.6±4.7

RDI [Events/hour]

56.0±22.4

6.5±6.5

SaO2<90% [% time]

10.9±0.5

0.7±0.5

Table 2. Sleep characteristics in OSA patients before and after CPAP
treatment [data are given as mean ± SD]
Parameter

OSA

CPAP

P value

Sleep duration
[Hours: minutes]

6:24±0:58

6:34±1:12

NS

Sleep efficiency [%]

78.2±10.1

76.2±7.8

NS

Stage 1[%]

3.7±3.0

1.1±1.2

0.04

Stage 2[%]

54.1±11.0

35.8±8.8

0.03

Stage 3-4[%]

5.7±7.2

20.1±10.0

0.01

Stage REM [%]

17.9±7.1

21.6±6.7

NS

24:04±0:51

23:24±0:47

NS

First REM episode [Clock hour]
NS: not significant

Table 3. Pituitary-gonadal hormones status in OSA patients before and after
CPAP treatment [data are given as Mean±SD].
Parameter

OSA

CPAP

P value

Mean [IU/L]

2.1±0.8

2.6±0.2

NS

AUC [IU/Lxh]

22.7±7.3

30.0±3.1

0.06

LH

Testosterone
Onset [Clock hour]

1:30±01:00

1:15±24:40

NS

Onset level [nmol/L]

1.9±8.3

2.9±10.3

NS

Morning (07:00 h) level [nmol/L]

2.5±11.1

3.0±13.7

NS

Mean [nmol/L]

2.9±6.7

2.6±11.3

0.04

AUC [nmol/Lxh]

19.0±99.6

31.0±125.1

0.06

NS: not significant

Table 4. Characteristics of pulsatile LH and testosterone secretion in OSA
patients [data are given as Mean±SD].
Parameter

OSA

CPAP

P value

Number of pulses
[/12 hours]

4.0±0.6

4.3±0.5

NS

Duration [Minutes]

153.0±15.9

117.0±16.9

0.04

0.8±0.4

1.2±0.4

0.03

130.0±17.9

79.8±5.3

0.01

LH

Increment [IU/L]
Half life [Minutes]
Testosterone
Number of pulses [/12 hours]
Duration [Minutes]
Relative Increment
Half life [Minutes]

4.0±1.8

4.0±1.8

NS

153.8±58.0

153.8±56.8

NS

0.8±0.3

0.16±0.3

0.02

130.0±110.4 120.0±107.5

NS

NS: not significant
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Figure 1. Effect of sleep apnea on nocturnal
pulsatile LH and testosterone secretion. Treatment
with CPAP was associated with increase in
hormone levels throughout the night. An arrow
indicates first REM sleep episode.
Figure 2. Integrated nocturnal [area under the
curve] LH and testosterone secretion in men with
OSA before and during CPAP treatment.

significant change in sleep architecture but only with
a mild increase in LH-testosterone secretory characteristics. The mean testosterone levels were statistically significantly higher in comparison with base line
values. Significant changes were observed with LH
pulse characteristics but not with testosterone pulses.
During CPAP treatment, LH-testosterone levels were
still lower than the values observed in control men of
similar ages [8].
Several factors may account for the reduced LHtestosterone secretion observed in our study. These include residual hypoxia and sleep fragmentation, duration of CPAP treatment, obesity, advanced age, and the
number of subjects studied. The relative importance
of hypoxia and sleep fragmentation in the genesis
of gonadal dysfunction is not fully elucidated [8]. In
normal young adults, sleep deprivation was associated
with suppression of gonadal steroids [13, 14]. When
OSA patients with severe oxygen desaturation were
compared with patients with less severe desaturation,
a significant correlation was found between peak testosterone level and total desaturation time, suggesting that hypoxia affected the testosterone circadian
rhythm [15]. Similar findings were demonstrated in
a study comparing testosterone levels with minimum
SaO2. Neither testosterone nor LH concentrations
correlated with apnea index [7]. Decreased basal LH
and FSH levels were observed in men with sleep apnea
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with a blunted FSH response to GnRH stimulation
[16]. Reduced serum progesterone and estradiol levels
were demonstrated in women with RDI>10 [17].
In OSA men, CPAP treatment for1–4 nights were
associated with normalization of leptin and growth
hormone levels [18, 19] but not with a change in cortisol, glucagon and insulin concentrations [20]. Total
testosterone levels reverted to normal after three
months of treatment with CPAP [6], whereas treatment with CPAP for seven months was not associated
with a change in the reduced LH levels [21].
Obesity is common in OSA and is associated with
increased severity of sleep apnea as indicated by the
RDI [22, 23]. In massively obese men, hypogonadal
testosterone levels significantly increased to normal
values after weight reduction [24, 25]. Obesity is associated with higher estradiol and decreased total testosterone levels [26]. Estradiol is likely to be higher in
OSA men where obesity is common. Since estradiol is a
potent inhibitor of gonadotropin secretion, higher levels in OSA male patients may explain the reduced pituitary stimulation of testosterone secretion observed
in our study. In moderate and severe obese men, serum
LH, total and free testosterone levels significantly increased after weight loss. A functional decrease of LH
pulse amplitude and mean LH levels were suggested
to explain the decreased androgen levels in these men
[24]. Others have demonstrated that the altered sex
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hormone milieu characteristic of extreme obesity was
associated with a significantly shorter half-life of LH
compared with lean control men. Thus, modifying the
intensity and duration of LH signal delivered to the
gonad [26]. The lack of weight reduction in our patients during CPAP treatment may imply that obesity
is a major contributing factor to the reduced pituitarygonadal function observed in OSA patients.
The decline in serum testosterone levels with advanced age is considered to result from pituitary and
testicular defects [27]. Low testicular volume was
described in elderly men with a decrease in inhibinB
/FSH and testosterone/LH ratios, suggesting a combined Leydig cell and Sertoli cell dysfunction [28]. On
the other hand, low basal LH levels and blunted LH response to GnRH stimulation were observed in healthy
elderly men, suggesting hypothalamic-pituitary dysfunction [29]. Recently, we have demonstrated that
in middle age men, less pulsatile testosterone and
more LH are secreted at night than in young men with
disruption of the association between testosterone
rhythm and REM sleep. The decline in nocturnal testosterone secretion appears to involve a combination
of testicular and pituitary hypogonadism [30].
In conclusion, chronic CPAP therapy improved respiratory function and sleep quality but only partially
increased pituitary-gonadal function. Changes in LH
but not testosterone pulse characteristics suggest that
decreased androgen secretion may be associated with
impaired function of the gonadostat. In addition to hypoxia and sleep fragmentation, obesity and advanced
age may participate in the genesis of reduced testosterone secretion in sleep apnea.
REFERENCES
1 Kaneko Y, Floras JS, Usai K, Plante J, Tkacova R, Kubo T, Ando SI,
Bradley TD. Cardiovascular effects of continuous positive airway
pressure in patients with heart failure and obstructive sleep apnea. N Engl J Med 2003; 348:1233–1241.
2 Lavie P, Herer P, Peled R, Berger J, Yoffe N, Zomer J, Rubin A
Mortality in sleep apnea patients: a multivariate analysis of risk
factors. Sleep 1995; 18:149–157.
3 Peppard PE, Young T, Palta M, Dempsy J, Skatrud. Longitudinal
study of moderate weight change and sleep-disordered breathing. JAMA 2000; 284:3015–3021.
4 Luboshitzky R, Herer P, Levi M, Shen-Orr Z, Lavie P. Relationship
between rapid eye movement sleep and testosterone secretion
in normal men. J Androl 1999; 20:731–737.
5 Luboshitzky R, Zabari Z, Shen-Orr Z, Herer P, Lavie P. Disruption
of the nocturnal testosterone rhythm by sleep fragmentation in
normal men. J Clin Endocrinol Metab 2001; 86:1134–1139.
6 Grunstein RR, Handelsman DJ, Lawrence SJ, Blackwell C, Caterson ID, Sullivan CE. Neuroendocrine dysfunction in sleep apnea:
reversal by continuous positive airways pressure therapy. J Clin
Endocrinol Metab 1989; 68: 352–358.
7 Santamaria JD, Prior JC, Fleetham JA. Reversible reproductive
dysfunction in men with obstructive sleep apnea. Clin Endocrinol 1988; 28:461–470.
8 Luboshitzky R, Aviv A, Hefetz A, Herer P, Shen-Orr Z, Lavie L,
Lavie P. Decreased pituitary-gonadal secretion in men with
obstructive sleep apnea. J Clin Endocrinol Metab 2002; 87:
3394–3398.
9 Peled N, Greenberg A, Pillar G, Zinder O, Levi N, Lavie P. Contributions of hypoxia and respiratory disturbance index to sympathetic activation and blood pressure in obstructive sleep apnea
syndrome. Am J Hypert 1998; 11:1284–1289.

10 Lavie P, Herer P, Hoffstein V. Obstructive sleep apnea syndrome
as a risk factor for hypertension: population study. Br Med J
2000; 320:479–482.
11 Rechtschaffen A, Kales B. A manual standardized terminology,
techniques and scoring system for sleep stages of human subjects. Washington DC: US Government Printing Office, 1968.
12 Spiegel K, Leproult R, Colecchia EF, L’Hermite-Baleriaux M, Nie Z,
Copinschi G, Van Cauter E. Adaptation of the 24-h growth hormone profile to a state of sleep debt. Am J Physiol Regulatory
Integrative Comp Physiol 2000; 279:R874–R883.
13 Akerstedt T, Palmblad J, DeLa Torre B, Marana R, Gillberg M.
Adrenocortical and gonadal steroids during sleep deprivation.
Sleep1980; 3:23–30
14 Singer F, Zumoff B. Subnormal serum testosterone levels in male
internal medicine residents. Steroids1992; 57:86–89.
15 Kouchiama S, Honda Y, Kuriyama S. Influence of nocturnal oxygen desaturation on circadian rhythm of testosterone secretion.
Respiration 1990; 57:359–363.
16 Semple PD, Beastall GH, Watson WS, Hume R. Hypothalamicpituitary dysfunction in respiratory hypoxia. Thorax 1981; 36:
605–609.
17 Netzer NC, Eliasson AH, Strohl KP. Women with sleep apnea have
lower levels of sex hormones. Sleep Breath 2003; 7:25–30.
18 Chin K, Shimizu K, Nakamura T, Narai N, Masuzaki H, Ogawa Y,
Mishima M, Nakamura T, Nakao K, Ohi M. Changes in intra-abdominal visceral fat and serum leptin levels in patients with obstructive sleep apnea syndrome following nasal continuous positive airway pressure therapy. Circulation 1999; 100:706–712.
19 Cooper BG, Ashworth LA, Alberti KG, Gibson GJ. Hormonal and
metabolic profiles in subjects with obstructive sleep apnea and
the effects of nasal continuous positive airway pressure (CPAP)
treatment. Sleep 1995; 18:172–179.
20 Bratel T, Wennlund A, Carlstrom K. Pituitary reactivity, androgens and catecholamines in obstructive sleep apnoea. Effects
of continuous positive airway pressure treatment (CPAP). Respir
Med. 1999; 93:1–7.
21 Saini J, Krieger J, Brandenberger G, Wittersheim G, Simon C, Follenius M. Continuous positive airway pressure treatment. Effects
on growth hormone, insulin and glucose profiles in obstructive
sleep apnea patients. Horm Metab Res 1993; 25:375–381.
22 Wilcox I, McNamara SG, Collins FL, Grunstein RR, Sullivan C.
“Syndrome Z”: the interaction of sleep apnoea, vascular risk factors and heart Disease. Thorax 1998; 53(Suppl 3): S25–S28.
23 Semple PdA, Graham A, Malcolm Y. Hypoxia, depression of testosterone, and impotence in pickwickian syndrome reversed by
weight reduction. Br Med J 1984; 289:801–802.
24 Lima N, Cavaliere H, Knobel M, Halpern A, Mediros-Neto R. Decreased androgen levels in massively obese men may be associated with impaired function of the gonadostat. Int J Obes Relat
Metab Disord 2000; 24:1433–1437.
25 Bastounis EA, Karayiannakis AJ, Syrigos K, Zbar A, Makri GG,
Alexiou D. Sex hormone changes in morbidly obese patients after vertical banded gastroplasty. Eur Surg Res 1998 ; 30:43–47.
26 Castro-Fernandez C, Olivares A, Soderlund D, Lopez-Alvarenga
JC, Zambrano E, Veldhuis JD, Ulloa-Aguirre A, Mendez JP. A preponderance of circulating basic isoforms is associated with decreased plasma half-life and biological to immunological ratio of
gonadotropin-releasing hormone-releasing luteinizing hormone
in obese men. J Clin Endocrinol Metab 2000; 85:4603–4610.
27 Keenan DM, Veldhuis JD. Hypothesis testing of the aging male
gonadal axis via a biomathematical construct. Am J Physiol.
2001; 280:R1755– R1771.
28 Mahmoud AM, Goemaere S, El-Garem Y, Van Pottelbergh I, Comhaire FH, Kaufman JM. Testicular volume in relation to hormonal
indices of gonadal function in community-dwelling elderly men.
J Clin Endocrinol Metab. 2003; 88:179–184.
29 Korenman SG, Morley JE, Mooradian AD, Davis SS, Kaiser FE,
Silver AJ, Viosca SP, Garza D. Secondary hypogonadism in older
men: its relation to impotence. J Clin Endocrinol Metab. 1990;
71:963–969.
30 Luboshitzky R, Shen-Orr Z, Herer P. Middle-aged men secrete less
testosterone at night than young healthy men. J Clin Endocrinol
Metab 2003; 88: 3160 –3166.

Neuroendocrinology Letters No.6 December Vol.24, 2003 Copyright © Neuroendocrinology Letters ISSN 0172–780X www.nel.edu

467

