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obstructive Males with obstructive sleep apnea syndrome (OSAS) may present decreased testosterone serum

obesity, levels because of hypoxemia.

obstructive . . . .
? Aim: To correlate testosterone levels in OSAS patients with laboratory parameters.
cell hypoxia,

testosterone. Material and methods: 103 registries of OSAS patients were reviewed from 2002 to 2009. The

following data collected: age when polysomnography was done, hematocrit and hemoglobin levels,
total testosterone serum levels, BMI, apnea/hypopnea index (AHI), and O2 saturation.

Study Design: A cross-sectional retrospective case study.

Results: 79 patients (77%) had no hormonal changes, and 24 patients (23%) had decreased serum
levels. In patients with normal testosterone levels, 70% were overweight; 63% with altered testosterone
levels had obesity grade I (p<0.05). Patients with altered testosterone levels had significantly lower
average doses of Ht, Hb and androgen compared to patients without altered androgen levels. The
average BMI of patients with altered hormone levels was significantly higher compared to patients
with normal hormone levels.

Conclusions: The relationship between morning testosterone levels and obesity, and to a lesser
degree age, AHI and hypoxemia may be the cause of central suppression of testosterone in these
patients. Decreased blood HT and HB levels may be related to lower levels of circulating testosterone.
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INTRODUCTION

The obstructive sleep apnea/hypopnea syndrome
(OSAHS) is a common respiratory condition that affects
about 4% of males and 2% of females; it may be charac-
terized by recurring sleep-induced collapse of pharyngeal
airways that result in hypoxemia and hypercapnia.' Va-
riables that cause pharyngeal collapse include negative
airway pressure during inspiration and positive pressure
on the outside of these airways because of fat deposits
and/or small jaws.?

Although the underlying mechanisms of sleep ap-
nea/hypopnea remain unknown, altered central nervous
system control of upper airway muscles is an important
component of this syndrome.> The pathogenesis invol-
ves collapse of upper airways; for normal breathings, its
patency depends on a specific dilator muscle. The genio-
glossus - one of the upper airway muscles - is the main
extrinsic muscle for tongue protrusion; it is innervated by
the hypoglossal nerve.>* The genioglossus contracts during
inspiration, supporting lung ventilation and causing the
upper airways to remain open. The central nervous system
controls airway function from the nose to the bronchioles;
it is an essential component of the breathing regulating
system and airway patency during vigil and sleep. Seroto-
ninergic and noradrenergic neurons - in parallel pathways
- may directly stimulate the motor cells of the hypoglossal
nerve; they regulate the upper airway dilator muscles. A
higher activity of these neurons increases the activity of
the genioglossus muscle.?

Age and the level of sex hormones affect the sero-
toninergic function. Serotonin production in neurons of
the anterior horn of the cervical spine (associated with the
motor nucleus of the phrenic nerve) decreases with age.
There are several mechanisms by which estrogens elevate
serotonin levels.® Age-related changes in the serotoninergic
system and their effect on respiratory motor control may
occur indirectly by changes in gonadal hormone levels.”
The effects of age and sex hormones on responses to hy-
poxia have not been investigated in depth, in particular
their impact on respiratory plasticity following intermittent
hypoxia.®® This is of significant interest, as several respira-
tory conditions, including the OSAHS, appear to be related
to age and gender.'o!

Aromatase converts testosterone into estradiol,
which mediates most of the actions of testosterone on the
serotoninergic system; thus, testosterone in itself does not
account for the degree of long-term facilitation - a form
of respiratory plasticity expressed as a persistent elevation
of phrenic and hypoglossal nerves following intermittent
hypoxia. Sex hormone serum levels reflect circulating le-
vels - but not necessarily the level in respiration-associated
areas of the central nervous system (caudal raphe and the

phrenic and hypoglossal nerve nuclei). Aromatase is part
of the group of p450 cytochrome enzymes; it is a mediator
of aromatization, converting androgens into estrogens.”
Serotoninergic neurons in the caudal raphe nuclei send
projections to the motor nuclei of the hypoglossal and
phrenic nerves; there is evidence that sex hormones mo-
dulate respiratory plasticity through the serotoninergic
system.

Depletion of gonadal hormones may decrease sero-
tonin uptake in the hypoglossal and phrenic motor nuclei,
thereby reducing long-term facilitation. Androgenic effects
on the serotoninergic system appear to be indirect, reflec-
ting testosterone conversion into estradiol in the central
nervous system.'? Lower estradiol levels reduce serotonin
synthesis, release, reuse and degradation; terminal sero-
tonin levels and receptor density in several areas of the
brain are also decreased. Thus, estradiol appears to have
a key role in modulating serotoninergic function, thereby
affecting long-term respiratory facilitation.'*'5

OSAHS affects middle-aged men more often than
women; thus, it is no surprise that testosterone is involved
in respiratory control. Testosterone, estradiol and pro-
gesterone circulating levels decrease with age in men.'
A few effects of sex hormones in respiratory control are
mediated by aromatase-mediated testosterone conversion
into estradiol in the brain.!? However, it is not clear if aro-
matase declines sufficiently to reduce respiratory plasticity
as patients age.” Reports of male subjects with OSAHS and
low testosterone levels - regardless of age - have been
published.”

The purpose of this study was to assess quantitative
serum testosterone levels in patients with OSAHS, and to
relate these levels with age, body-mass index, the apnea/
hypopnea index, maximum oxygen saturation, the hema-
tocrit (Ht), and hemoglobin (Hb).

SERIES AND METHOD

A retrospective cross-sectional study was made of
103 registries of patients with a diagnosis of OSAHS from
2002 to 2009. The inclusion criteria were as follows: a)
subjects that met criteria A or B and the items in criteria
C, for diagnosis.

A. excessive daytime drowsiness not explained by
other causes.

B. two or more of the following, not explained by
other causes:

gasping during sleep;

recurring awakenings during sleep;

restless sleep;

daytime fatigue;

difficulty to concentrate.

C. nighttime monitoring showing more than five
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episodes of respiratory obstruction per hour during sleep.
These events may include any combination of obstruc-
tive apnea/hypopnea or respiratory effort related with
awakening.

b) total testosterone dosage in the morning and a
red blood count following polysomnography.

©) absence of other somatic or laboratory-identified
disorders, as observed in the physical examination and
work-up.

d) absence of craniofacial dimorphism or temporo-
mandibular disorders, as investigated in specific physical
examinations.

e) absence of drug dependency, alcoholism, de-
pression, dementia, as investigated in a medical history
and psychiatric assessment.

) absence of apparent genetic syndromes, as inves-
tigated by a medical-genetic physical examination.

g) presence or not of other family cases.

h) maximum age - 70 years.

i) BMI < 30.

j) male gender.

The following data were gathered: age when
undergoing polysomnography, Ht and Hb values, total
testosterone serum level, body-mass index (BMD), apnea/
hypopnea index (AHI) and maximum O, saturation - the
last two based on polysomnography (Stellat System QC,
Harmonie TM, Canada) recordings. Patients were allocated
to the following age groups: young adults (18 to 40 years),
adults (41 to 65 years), and elderly (> 65 years).’®" The
classification based on the apnea/hypopnea (AHID) was:
mild OSAHS (AHI from 5 to 15 events/hour), moderate
OSAHS (AHI from 16 to 30 events/hour), severe OSAHS
(AHI > 30 events/hour).?*! The classification of patients
based on the BMI (World Health Organization) was: ideal
weight (18.5-24.9 Kg/m?), overweight (25.0-29.9 Kg/m?),
and grade T obesity (30.0-34.9 Kg/m?).# A BMI < 30 limit
was established so that higher obesity grades would not
bias serum testosterone levels.

A peripheral venous blood sample was taken in
a dry tube to measure quantitative total testosterone by
the competitive immunoassay method (direct chemilumi-
nescent technology) using an ADVIA Centaur (Siemens
Medical Solutions Diagnostics, NY, USA) commercial
system. Peripheral venous blood was also sampled and
placed in a tube containing EDTA anticoagulant for the
red blood count. The Ht and Hb levels were measured
with an automatic cell counter (Horiba ABX Diagnostics,
Pentra DF 120, Montpellier, France). Reference values for
total testosterone (245-1836 ng/dD), the Ht (40.7-50.3%),
and Hb (14.5-18.0 g/dD in men are aligned with the pro-
tocols of the cell counting and hormone dosage systems
of the Central Laboratory of our institution.

The institutional review board approved this study
(Document no. 365/2009).

Statistics

The results were analyzed statistically for normalcy.
The two-tailed Student’s t test was applied for normally
distributed independent samples, and the Mann-Whitney
test was applied for non-normally distributed samples. The
chi-square test was applied when appropriate for compa-
risons among variables. The significance level was 5%.

RESULTS

Of 103 OSAHS patients, 79 (77%) had testosterone
levels within normal limits, and 24 (23%) had testosterone
levels below reference values.

Adults comprised 57 patients (72%) with normal
testosterone levels and 18 patients (75%) with altered
testosterone levels. No patient aged over 65 years had
altered testosterone levels.

The BMI showed that 70% of OSAHS patients with
normal testosterone levels were overweight, while 63% of
OSAHS patients with altered testosterone levels had grade
I obesity; this relation was statistically significant (p<0.05).

The AHI revealed that the severe grade was more
prevalent in both OSAHS patients with normal (52%) and
altered (50%) testosterone levels. Similarly, maximum O,
saturation over 90% was prevalent in both OSAHS patients
with normal (84%) and altered testosterone levels (79%).

Table 1 shows the general data for the sample.

Table 2 shows that OSAHS patients with altered
testosterone levels had significant lower mean Ht, Hb and
serum testosterone levels compared to OSAHS patients
with normal testosterone levels. The mean BMC of OSAHS
patients with altered testosterone levels was significantly
higher compared to the mean BMC of OSAHS patients
with normal testosterone levels.

DISCUSSION

There has been a growing awareness that sex hor-
mones play an important role in nearly every physiological
process, including breathing. Estrogen, progesterone, and
testosterone may affect respiratory function in animals and
humans.”* The prevalence of several respiratory disorders,
such as OSAHS, the sudden death syndrome in infants, and
Rett’s syndrome, varies according to gender, which under-
lines the effect of sex hormones on breathing control.*%

Long-term respiratory facilitation is an interesting
model, making it possible to study the effects of sex
hormones on neuroplasticity in general, and specifically
on respiratory plasticity. Because of upper airway muscle
rigidity, long-term facilitation allows breathing to become
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Table 1. Distribution as percentages (%) of the serum testosterone results found in OSAHS patients (n=103)

Normal testosterone

Low testosterone

Variables 79 (77%) 24 (23%) p*
BMI
Overweight 55 (70%) 9 (37%)
Grade | obesity 24 (30%) 15 (63%) <0.05
Age group (Classification)
Young adult 21 (27%) 6 (25%)
Adult 57 (72%) 18 (75%) >0,05
Elderly 41 (52%) 0 (0%)
Polysomnography (PSG) data
AHI
Mild 28 (35%) 5 (21%)
Moderate 10 (13%) 7 (29%) >0,05
Severe 41 (52%) 12 (50%)
Maximum O2 Saturation
> 90% 66 (84%) 19 (79%)
< 90% 13 (16%) 15 (63%) >0.05

AHI - apnea/hypopnea index.

BMI - body mass index.

Normal testosterone - serum levels from 245 to 1836 ng/dl.
Low testosterone - serum levels below 245 ng/dl.

* Chi-square test.

Table 2. Clinical and anthropometric features of OSAHS patients (n=103) and serum testosterone levels

Parameters Normal Testosterone (n=79) Low Testosterone (n=24) P
Testosterone (ng/dl) 404,0 = 132,6 200,4 + 26,7 p=<0,001*
AHI (grade) 34,4 + 24,4 36,1 = 22,0 NS
Maximum O2 saturation (%) 91,6 = 3,8 92,1 =43 NS
BMI (grade) 27,7 +23 29,4 +1,0 p<0,01*
Age group (years) 46,1 = 10,1 44,6 + 9,8 NS
Hematocrit (%) 46,1 = 3,5 44,4 + 3,0 p=<0,05"
Hemoglobin (g/dl) 15,2 + 1,1 14,6 = 1,0 p=<0,05"

Values are presented as means + standard deviation.

AHI - apnea/hypopnea index.

BMI - body mass index.

Normal testosterone - serum levels from 245 to 1836 ng/dl.
Altered testosterone - serum levels lower than 245 ng/dl.

* Mann-Whitney test.

“Two-tailed Student’s t test for independent variables.

NS - Not significant

stable under conditions that otherwise might result in
upper airway obstruction and apnea. Although the role
of long-term facilitation has not been clearly defined as
a causal factor of OSAHS, changes that affect respiratory
plasticity - such as decreased sex hormone levels with
aging - may foster the progression of this syndrome.!

The incidence of OSAHS is higher in men with lo-
wer serum testosterone levels, in middle-aged men,?# in
women with low estrogen and progesterone levels, and
in post-menopausal women not on hormone replacement
therapy.'#3° The present study found low serum levels of
total testosterone in OSAHS patients, most of which had
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a mean age of 44.6 years, grade I, and mild AHI; these
results concur with other published studies.!7#731-34
Several factors may account for lower testosterone
secretion levels in middle-aged men with OSAHS; these
include: hypoxia, fragmented sleep, obesity, and advanced
age. Previous studies on hypophysary-gonadal function in
OSAHS have demonstrated that serum testosterone levels
may be lower. Total and free testosterone levels were lower
in obese males with OSAHS compared to age and body
weight paired control group. A negative correlation was
found between the severity of sleep apnea and testosterone
levels; higher AHIs correlate with lower testosterone levels,
suggesting that the severity of apnea was related with de-
creased testosterone secretion in OSAHS.** This concept,
however, remains controversial; lower testosterone levels
have been found not only in patients with mild OSAHS
but also in elderly obese patients with a severe AHL*»
Serum testosterone levels decrease with age. Hy-
pogonadal testosterone levels have been found in about
12% of men aged over 50 years, and in 50% of men aged
over 80 years.”*® Central (hypophysary) and peripheral
(testicular) effects cause age-related reduction in testoste-
rone levels.””?” In the present study, sub-normal hormone
levels were found in 50% of severe OSAHS patients grave
with grade I obesity (63%); however, most of these patients
were in the adult age group (75%) rather than elderly sub-
jects. Among patients with normal testosterone levels, the
majority (52%) had severe AHI, and 72% were adults. The
BMI placed these patients in the overweight group (70%).
Although published papers have reported an asso-
ciation between lower testosterone levels and higher than
grade T BMIs?*! our results in the present study showed
that patients with lower testosterone levels and grade 1
BMI presented this association at a higher rate compared
to patients with normal testosterone levels. This finding
suggests that in patients with altered hormone levels, grade
I BMI correlated with lower testosterone levels. Obesity is
common in patients with OSAHS, and is associated with
increased severity of sleep apnea, as shown by the AHI.*
Possible mechanisms to explain the association
between OSAHS and obesity include several endocrine
abnormalities involved in fat accumulation - especially ab-
dominal fat - where lower androgen levels appear to have
a significant role. Androgens stimulate fat lipolysis and
inhibit the lipase lipoprotein, especially in the abdomen.
Testosterone regulation of fat metabolism may explain
why hypogonadal men invariably present increased levels
of abdominal fat. Total and free testosterone levels fall in
obese males - as body weight and fat increase - because of
decreased globulin-bound hormone synthesis and altered
activity of the aromatase system in peripheral tissues. !
Prior studies have shown that serum levels of testos-
terone are inversely correlated with the severity of OSAHS

(AHIs); such altered levels result from fragmented sleep
and decreased oxygenation, which are known inhibitors
of testosterone production.?”3 A cross-sectional study of
225 male subjects undergoing polysomnography showed
that the severity of OSAHS correlated significantly with
globulin-bound sex hormones, decreased levels of total
testosterone, and free testosterone.* Our data did not
confirm these results, as although 50% of OSAHS patients
with low testosterone levels had severe apnea, a similar
prevalence (52%) was found in OSAHS patients with
normal testosterone levels. Further studies are needed to
clarify which factors cause apnea index severity in the
study population.

Oxygen desaturation affects testosterone levels by
mechanisms that remain unclear. Decreased O, availability
during sleep has been associated with central inhibition
of the hypothalamic-hypophyseal-gonadal axis, probably
by increasing central endorphin levels. Furthermore,
when patients are repeatedly exposed to upper airway
obstruction episodes with clear sleep fragmentation, the
circadian rhythm of testosterone appears to be affected.®
Prior studies have described the relative importance of
hypoxia and fragmented sleep on the genesis of gonadal
dysfunction; these studies have shown that sleep depri-
vation was associated with gonadal steroid suppression
in normal young adults.®% Comparing OSAHS patients
presenting severe O, desaturation with OSAHS patients
presenting less severe O, desaturation revealed a significant
correlation between peak testosterone levels and the total
O, desaturation time. This finding suggests that hypoxia
affected the circadian rhythm of testosterone, resulting in
decreased morning levels of this hormone.®%

OSAHS patients presenting chronic hypoxemia may
have ventilatory issues, as hypoxemia affects the synthesis
and activity of several neurotransmitters, thereby changing
the function of central and peripheral chemoreceptors
that control ventilation.* Prior studies have demonstrated
the effect of the AHI on testosterone secretion, and have
emphasized the degree of hypoxia. It is possible that hypo-
xia and fragmented sleep affect the hypophysary-gonadal
function in OSAHS patients. A low testosterone level and
its significant association with the AHI suggest that gona-
dal dysfunction is a consequence of OSAHS, rather than
an independent primary condition of the hypothalamic-
hypophyseal-gonadal axis.? 3%

Although the relation between patient groups
and mean AHI values and mean PaO2 values was not
significant in the present study, 63% of patients with low
testosterone levels had a PaO, < 90% compared to 16%
of patients with normal testosterone levels. And although
the mean Ht and Hb values were within normal limits,
there was a statistically significant difference between both
groups of OSAHS patients, indicating a relative decrease
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in these values in patients with lower testosterone levels.

Endogenous androgens in mammals stimulate
erythropoiesis, raise the reticulocyte count and the number
of blood cells, and promote erythropoietic activity in the
bone marrow; castration has the opposite effect. Testoste-
rone deficiency causes a 10% to 20% reduction in the Hb
concentration, which may result in anemia. Young male
subjects with hypogonadism generally have low red blood
cell counts and lower levels of Hb compared to similarly
aged males with normal androgen levels. Androgens affect
normal hematopoiesis by directly stimulating - through tes-
tosterone - renal production of erythropoietin.”” Androgen
deprivation in men reduces erythropoiesis; hypogonadism
is frequently associated with decreased Ht levels, as in our
sample, which however were still within normal referen-
ce limits. Age-related anemia is at least partially due to
declining levels of circulating androgens in older men. %

OSAHS patients may have decreased testosterone
levels probably because of a combined effect of frag-
mented sleep and hypoxia. As sleep begins, the plasma
testosterone concentration is low because maximal levels
are reached during the first hours of the morning. Higher
testosterone levels at night appear to be associated with
the first episode of REM sleep and REM/non-REM cycles.
Peak testosterone levels coincide with the onset of REM
sleep. Furthermore, sleep-related elevation of testosterone
levels in young men is associated with the first episode of
REM sleep at night. A study of fragmented sleep in young
males showed that the nocturnal peak concentration of
testosterone was lower in men that did not enter REM
sleep.® Thus, we chose to measure testosterone levels
in the morning after polysomnography was done, thereby
identifying nighttime increases or not of testosterone in
patients.

Low serum testosterone levels have been noted
in obese, diabetic, hyperlipidemic, and insulin-resistant
patients, as well as those with the metabolic syndrome.
Serum testosterone levels in men deserve additional studies
because of advances in knowledge about the cardiovas-
cular aspects of hypogonadism and about OSAHS with
or without associated metabolic conditions. It is not yet
clear if OSAHS results in decreased testosterone levels by
itself, or if obese, insulin-resistant and/or diabetic older
OSAHS patients are at a higher risk of having lower levels
of testosterone."”

Our findings in the present study and other publi-
shed results may have practical implications for the treat-
ment of obese OSAHS patients. Nutritional and behavioral
therapy for rapid weight loss and long-term maintenance
of weight has an important role for improving respiratory
function and reducing metabolic disorders. Furthermore,
testosterone levels tend to increase significantly after

weight loss, which may help keep weight within normal
limits.>!

Endocrine abnormalities in OSAHS may be rever-
ted following three months of continuous positive airway
pressure (CPAP) therapy.”3? However, normal testosterone
levels have also been found in OSAHS patients using CPAP
or not,* as encountered the present study. Differences
in these results may be due to the degree of OSAHS, to
globulin-bound sex hormone levels, or to intermittent du-
ration of CPAP and other similar therapies; these situations
may explain unaltered testosterone levels.

The data suggest that OSAHS in middle-aged men is
associated with decrease androgen secretion, together with
obesity and aging. Hypoxia and fragmented sleep may be
additional factors that decrease testosterone levels in these
patients,” as we found in the present study. Testosterone
has been an object of research and reviews in several stu-
dies of male subjects; few of these papers have touched
on the interaction between testosterone levels and sleep.
Additional knowledge about this relationship is important
for understanding the basic physiology of sleep and to
help discover the causes of specific health issues associa-
ted with sleep disorders, aging, and even working hours.
Knowledge about the interactions between hormones and
breathing opens new perspectives in drug therapies for
sleep disorders; it also stimulates research about how the
endocrine system affects breathing in health and disease.

CONCLUSION

OSAHS may be associated with decreased hypo-
physary-gonadal function in the study sample.

A relation between serum levels of testosterone in
the morning and obesity may account for central testos-
terone suppression in the study sample.

No conclusion could be drawn from the study re-
sults about any relation between altered serum testosterone
levels and age, the AHI, or hypoxia.

Decreased red blood cell hematimetric values in
the study sample may be related with low circulating
testosterone levels.

REFERENCES

1. Young T, Peppard P, Gottlieb D. The epidemiology of obstructive
sleep apnoea: a population health perspective. Am J Respir Crit
Care Med.2002;165:1217-39.

2. Sakai K, Takada T, Nakayama H, Kubota Y, Nakamata M, Satoh
M, et al. Serotonin-2A and 2C receptor gene polymorphis-
ms in Japanese patients with obstructive sleep apnea. Intern
Med.2005;44:928-33.

3. Yilmaz M, Bayazit YA, Ciftci TU, Erdal E, Urhan M, Kokturk O, et
al. Association of serotonin transporter gene polymorphism with
obstructive sleep apnea syndrome. Laryngoscope.2005;115:832-6.

BRAZILIAN JOURNAL OF OTORHINOLARYNGOLOGY 77 (1) January/FeBrUARY 2011
http://www.bjorl.org / e-mail: revista@aborlccf.org.br

93



B

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Jelev A, Sood S, Liu H, Nolan P, Horner RL. Microdialysis perfusion
of 5-HT into hypoglossal motor nucleus differentially modulates
genioglossus activity across natural sleep-wake states in rats. J
Physiol. 2001;532:467-81.

. Ko ML, King MA, Gordon TL, Crisp T. The effects of aging on
spinal neurochemistry in the rat. Brain Res Bull. 1997;42:95-8.

. Bethea CL, Gundlah C, Mirkes SJ. Ovarian steroid action in
the serotonin neural system of macaques. Novartis Found
Symp.2000;230:112-30.

. Zabka AG, Behan M, Mitchell GS. Ageing and gonadectomy
have similar effects on hypoglossal long-term facilitation in male
Fischer rats. J Physiol.2005;563:557-68.

. Behan M, Zabka AG, Mitchell GS. Age and gender effects on
serotonin-dependent plasticity in respiratory motor control. Respir
Physiol Neurobiol.2002;131:65-77.

. Behan M, Zabka AG, Thomas CF, Mitchell GS. Sex steroid hormo-

nes and the neural control of breathing. Respir Physiol Neurobiol.

2003;130:249-63.

Ware JC, McBrayer RH, Scott JA. Influence of sex and age on du-

ration and frequency of sleep apnea events. Sleep.2000;23:165-70.

Bixler EO, Vgontzas AN, Lin H-M, Have TT, Rein J, Vela-Bueno

A, et al. Prevalence of sleep disordered breathing in women.

Effects of gender. Am J Respir Crit Care Med.2001;163:608-13.

Zabka AG, Mitchell GS, Behan M. Conversion from testosterone

to oestradiol is required to modulate respiratory long-term faci-

litation in male rats. J Physiol.2006;576:903-12.

Kugaya A, Epperson CN, Zoghbi S, Van Dyck, Hou Y, Fujita

M, et al. Increase in prefontral cortex serotonin 2A receptors

following estrogen treatment in postmenopausal women. Am J

Psych.2003;160:1522-4.

Scharfman HE, Mercurio TC, Goodman JH, Wilson MA, Maclusky

NJ. Hippocampal excitability increases during the estrous cycle

in the rat: a potential role for brain-derived neurotrophic factor.

J Neurosci. 2003;23:11641-52.

Blurton-Jones M, Kuan PN, Tusynski MH. Anatomical evidence

for transsynaptic influences of estrogen on brain-derived neuro-

trophic factor expression. ] Comp Neurol.2004;468:347-60.

Bhasin S, Cunningham G, Hayes F, Matsumoto A, Snyder P,

Sweerdloff R, et al. Testosterone therapy in adult men with

androgen deficiency syndrome: An endocrine society clinical

practice guideline. J Clin Endocrinol Metab.2000;91:1995-2010.

Kirbas G, Abakay A, Topcu F, Kaplan A, Unlt M, Peker Y. Obs-

tructive sleep apnoea, cigarette smoking and serum testosterone

levels in a male sleep clinic cohort. J Int Med Res.2007;35:38-45.

Estatuto do Idoso. Lei N2 10.741, de 12 de Outubro de 2003. Série

fontes de referéncia. Legislagao: n® 53. 42 p.ISBN:85-7305-345-0.

Murahovski J. Puericultura no Ambulatério e Consulto-

rio. In: Pediatria: Diagnéstico + Tratamento. 62 ed. Sao

Paulo:Sarvier;2003.p.3-30.

Li HY, Chen NH, Lee LA, Shu YH, Fang TJ, Wang PC. Use of

morphological indicators to predict outcomes of palatopharyngeal

surgery in patients with obstructive sleep apnea. ORL J Otorhi-
nolaryngol Relat Spec. 2004;66:119-23.

Taheri S. The genetics of sleep disorders. Minerva Med.2004;95:203-

12.

WHO. Physical status: the use and interpretation of anthropome-

try. Report of a WHO Expert Committee. WHO Technical Report

Series 854. Geneva: World Health Organization,1995.

Behan M, Wenninger JM. Sex steroidal hormones and respiratory

control. Resp Physiol Neurobiol.2008;164:213-21.

Kapsimalis F, Kryger MH. Gender and obstructive sleep apnea

syndrome. Part 1: clinical features. Sleep.2002;25:412-9.

Kapsimalis F, Kryger MH. Gender and obstructive sleep apnea

syndrome. Part 2: mechanisms. Sleep.2002;25:499-506.

20.

27.

28.

29.

30.

31.

32.

33.

34.

35.

306.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Chahrour M, Zoghbi HY. The story of Rett syndrome: from clinic
to neurobiology. Neuron.2007;56:422-37.

Luboshitzky R, Aviv A, Hefetz A, Herer P, Shen-Orr Z, Lavie L, et
al. Decreased pituitary-gonadal secretion in men with obstructive
sleep apnea. J Clin Endocrinol Metab.2002;87:3394-8.

Meston N, Davies RJ, Mullins R, Jenkinson C, Wass JA, Stradling
JR. Endocrine effects of nasal continuous positive airway pres-
sure in male patients with obstructive sleep apnoea. Intern Med.
2003;254:447-54.

Young T, Finn L, Austin D, Peterson A. Menopausal status and
sleep-disordered breathing in the Wisconsin sleep cohort study.
Am J Respir Crit Care Med.2003;167:1181-5.

Netzer NC, Eliasson AH, Strohl KP. Women with sleep apnea
have lower levels of sex hormones. Sleep Breath.2003;7:25-9.
Gambineri A, Pelusi C, Pasquali R. Testosterone levels in obese
male patients with obstructive sleep apnea syndrome: Relation
to oxigen desaturation, body weight, fat distribution, and the
metabolic parameters. ] Endocrinol Invest.2003;26:493-8.
Hoekema A, Stel A-L, Stegenga B, van der Hoeven JH, Wijkstra
PJ, van Driel MF, de Bont Lambert GM. Sexual function and
obstructive sleep-apnea-hypopnea: a randomized clinical trial
evaluating the effects of oral-appliance and continuous positive
airway pressure terapy. J Sex Med.2007;4:1153-62.

Luboshitzky R, Lavie L, Shen-Orr Z, Herer P. Altered luteinizing
hormone and testosterone secretion in middle-aged obese men
with obstructive sleep apnea. Obes Res.2005;13:780-6.
Saaresranta T, Polo O. Hormones and breathing.
Chest.2002;122:2165-82.

Araujo AB, ODonnell AB, Brambilla DJ, Simpson WB, Long-
cope C, Matsumoto AM, et al. Prevalence and incidence of
androgen deficiency in middle-aged and older men: estimates
from Massachusetts Male Aging Study. J Clin Endocrinol Me-
tab.2004;89:5920-0.

Harman SM, Metter EJ, Tobin JD, Pearson J, Blackman MR. Lon-
gitudinal effects on serum total and free testosterone levels in
healthy men. J Clin Endocrinol Metab.2001;86:724-31.

Basaria S, Dobs AS. Hypogonadism and adrogen replacement
therapy in elderly men. Am J Med.2001;110:563-72.

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. In J Obes
Relat Metab Disord. 2000;24:1433-7.

Simpson ER. Clyne C, Rubin G, Bonn WC, Robertson K, Britt
K, Speed C, et al. Aromatase - a brief overview. Annu Rev Phy-
si0l.2002;64:93-127.

Pasquali R, Casimirri F, Cantobelli S, Melchionda N, Morselli-Laba-
te AM, Fabbri R, et al. Effect of obesity and body fat distribution
on sex hormones and insulin in men. Metabolism.1991;40:104-4.
Gambineri A, Pasquali R. Testosterona therapy in men: clinical and
pharmacological perspectives. ] Endocrinol Invest. 2000;23:196-
214.

Grunstein RR, Handelsman DJ, Lawrence SJ, Blacwell C, Caterson
ID, Sullivan CE. Neuroendocrine dysfunction in sleep apnea:
reversal by continuous positive airways pressure therapy. J Clin
Endocrinol Metab.1989;63:352-8.

Kouchiyama S, Honda Y, Kuriyama T. Influence of nocturnal
oxygen desaturation on circadian rhythm of testosterone secre-
tion. Respiration.1990;57:359-63.

Singer F, Zumoff B. Subnormal serum testosterone levels in male
internal medicine residents. Steroids.1992;57:86-9.

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;86:1134-9.

BRAZILIAN JOURNAL OF OTORHINOLARYNGOLOGY 77 (1) January/FeBrUARY 2011
http://www.bjorl.org / e-mail: revista@aborlccf.org.br

94



46.

47.

48.

49.

Martins AB, Tufik S, Moura SMGPT. Sindrome da apneia-
hipopneia obstrutiva do sono. Fisiopatologia. J Bras Pneumol.
2007;33:30-43.

Spivak JL. The blood in systemic disorders. Lancet. 2000;355:1707-
12.

Hero M, Wickman S, Hanhijirvi R, Siimes MA, Dunkel L. Pubertal
upregulation of erythropoiesis in boys is determined primarily
by androgen. J Pediatr.2005;146:245-52.

Ferruci L, Maggio M, Bandinelli S, Basaria S, Lauretani F, Ble A,
et al. Low testosterone levels and the risk of anemia in older men
and women. Arch Intern Med.2006;166:1380-8.

50.

51.

53.

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;20:731-7.

Pasquali R, Colella P, Cirignotta F, Mondini S, Gerardi R, Buratti
P, et al. Treatment of obese patients with obstructive sleep ap-
nea syndrome (OSAS): effect of weight loss and interference of
otorhinolaryngoiatric pathology. Int J Obes.1990;14:207-17.

. Bratel T, Wennlund A, Carlstom K. Pituitary reactivity, andro-

gens and catecholamines in obstructive sleep apnoea: effects of
continuous positive airway pressure treatment (CPAP). Respir
Med.1999;93:1-7.

Axelsson J, Ingre M, Akerstedt T, Holmback U. Effects of acutely
sleep on testosterone. J Clin Endocrinol Metab.2005;90:4530-5.

BRAZILIAN JOURNAL OF OTORHINOLARYNGOLOGY 77 (1) January/FeBrUARY 2011
http://www.bjorl.org / e-mail: revista@aborlccf.org.br

95



