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4 Abstract

Ulla Anttalainen

SLEEP-DISORDERED BREATHING IN WOMEN

Department of Pulmonary Diseases and Sleep Research Unit at the Department of
Physiology, University of Turku, Finland 2008.

Annales Universitatis Turkuensis, Ser. D, Medica — Odontologica

Painosalama Oy - Turku, Finland 2008

ABSTRACT

Sleep-disordered breathing (SDB) is underdiagnosed in women, probably due to the
different gender-related manifestation. We investigated the differences in presentation,
symptoms and co-morbidities of SDB in men and in pre- and postmenopausal women
by a clinical, retrospective, cross-sectional study of 601 consecutively referred women
and 233 age- and BMI-matched male-female pairs studied with the static-charge-
sensitive bed (SCSB) and an oximeter. Data on the use of nasal CPAP were gathered
from the Paimio hospital database, and the co-morbidity information was based on
reimbursed medication data from the National Agency for Medicines and the Social
Insurance institution.

The abnormal breathing episodes at night were more frequent in men than in women,
and in postmenopausal women compared to premenopausal ones. Partial upper airway
obstruction was the most common type of SDB in both genders but especially in
females. BMI and the major symptoms of SDB were similar in pre- and
postmenopausal women, and a menopause effect on symptoms was not found. CPAP
adherence did not differ between symptomatic patients with partial upper airway
obstruction and those presenting with conventional obstructive sleep apnea. Co-
morbidities were more frequent in SDB patients than in the general Finnish population.
Compared to sleep apnea, partial upper airway obstruction was associated with a three-
fold prevalence of asthma and/or COPD in both genders, and with a 60% reduced
prevalence of hypertension in females matched for age and BMI.

Our results emphasize that partial upper airway obstruction is not a milder form of
SDB but a different entity, the severity of which is underestimated when using the
conventional apnea-hypopnea index. It seems clinically relevant to diagnose and treat
the co-morbidities and SDB also in patients with partial upper airway obstruction,
especially in elderly and symptomatic women.

Keywords: Co-morbidity; gender; menopause; nasal CPAP adherence; partial upper
airway obstruction; periodic obstructive breathing; static-charge-sensitive bed; sleep-
disordered breathing; sleep apnea; women.
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NAISTEN UNENAIKAISET HENGITYSHAIRIOT
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Annales Universtatis Turkuensis, Ser. D, Medica — Odontologica
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TIIVISTELMA

Unenaikaiset hengityshdiriét ovat naisilla alidiagnosoituja, koska todennékoisesti
unenaikaiset hengityshdiriot ilmenevdt eri sukupuolilla eri tavoin. Tutkimme
sukupuolten sekd pre- ja postmenopausaalisten naisten vilisid eroja unenaikaisten
hengityshdirididen, oireiden ja liitdnndissairauksien esiintymisessd. Tutkimus oli
kliininen, taaksepdin katsova poikkileikkaustutkimus, jossa oli mukana 601 perdkkéin
tutkittua naista ja 233 iln ja painoindeksin (BMI) suhteen kaltaistettua miesparia
naisille. Unitutkimus sisdlsi SCSB-unipatjan ja ydoksimetriseurannan. Paimion
sairaalan tietokannasta kerdttiin CPAP-laitteen kéyttotiedot. Liitdnniissairauksien
tiedot saatiin KELA:n erityiskorvattavien ldékkeiden tietokannoista.

Tutkittaessa  unenaikaisen  poikkeavan  hengityksen = méa&rdd, unenaikaiset
hengityshdiriot olivat yleisempid miehilld kuin naisilla, kuin myds postmeno-
pausaalisilla naisilla verrattaessa premenopausaalisiin naisiin. Osittainen yldhengitys-
teiden ahtauma oli yleisin hengityshdirion tyyppi molemmilla sukupuolilla, mutta
erityisesti naisilla. Painoindeksi ja unenaikaisen hengityshdirion oireet olivat
samanlaisia pre- ja postmenopausaalisilla naisilla. Vaihdevuosien aiheuttamaa
vaikutusta oireisiin ei tullut esiin. CPAP-hoitoon sitouminen ei vaihdellut oireisten
osittaista yldhengitysticahtaumaa tai obstruktiivista uniapneaa sairastavien valilla.
Liitdnndissairaudet olivat yleisempid unenaikaista hengityshdiriotd sairastavilla kuin
suomalaisilla yleensd. Sekd miehilld ettd naisilla, jotka sairastivat osittaista
yldhengitysteiden ahtaumaa, oli kolminkertainen astman ja/tai keuhkoahtaumataudin
vaara uniapneaa sairastaviin verrattuna. Osittaista ahtaumaa sairastavilla naisilla
verenpainetaudin vaara oli 60 % pienempi uniapneaa sairastaviin verrattuna idstd ja
BMI:sté riippumatta.

Tulosten perusteella osittainen yldhengitysticahtauma ei ole unenaikaisen
hengityshdirion lievd muoto. Se on oma kokonaisuutensa, jonka vaikeutta aliarvioidaan
kaytettdessd vain apnea-hypopneaindeksid. Kliinisesti on tirkedd 10ytdd ja hoitaa
unenaikaisten hengityshdirididen liitdnndissairaudet sekd osittaista ahtaumaa
sairastavat, erityisesti vanhemmat ja oireilevat naiset.

Avainsanat:  Liitdnndissairaudet;  sukupuoli;  vaihdevuodet; = CPAP-hoitoon
sitoutuminen; osittainen unenaikainen yldhengitysteiden ahtauma; jaksoittainen
obstruktiivinen hengitys; SCSB-unipatja; unenaikaiset hengityshéiriét; uniapnea;
naiset.
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Abbreviations

ABBREVIATIONS

AHI = apnea-hypopnea index

AHI,= estimated apnea-hypopnea index

AF = atrial fibrillation

BMI = body mass index (kg/m?)

BNSQ = Basic Nordic Sleep Questionnaire
CAD = coronary artery disease

CO, = carbon dioxide

COPD = chronic obstructive pulmonary disease
CPAP = continuous positive airway pressure
CRP = C-reactive protein

CSA = central sleep apnea

DM = diabetes mellitus

E1 = estrone

E2 = estradiol

ECG = electrocardiogram

EDS = excessive daytime sleepiness

EEG = electroencephalogram

EMG = electromyogram

EOG = electro-oculogram

ESS = Epworth sleepiness scale

FEV, = forced expiratory volume in one second (L/min)
FEV1% =FEV, as percentage of predicted value
FSH = follicle-stimulating hormone

FVC = forced vital capacity (L/min)

FVC% = FVC as percentage of predicted value
GER = gastroesophageal reflux

HF = heart failure

HT = hormone therapy

IL-6 = interleukin-6

IRR = increased respiratory resistance pattern
LH = luteinizing hormone

MSLT = multiple sleep latency test

ODI, = oxygen desaturation events of 4%-unit or more
OP-1 = obstructive periodic breathing pattern 1
OP-2 = obstructive periodic breathing pattern 2
OP-3 = obstructive periodic breathing pattern 3



10 Abbreviations

OSA = obstructive sleep apnea

OSAS = obstructive sleep apnea syndrome
PAH = pulmonary arterial hypertension
P-1 = periodic breathing pattern

Pt = critical value of transmural pressure
PCOS = polycystic ovarian syndrome
PLM = periodic leg movements

PMS = periodic movements in sleep

PSG = polysomnogram

RDI = respiratory disturbance index
REM = rapid eye movement

RERA = respiratory effort-related arousal
RLS = restless leg syndrome

Sa0, = arterial oxyhemoglobin saturation
SDB = sleep-disordered breathing

SCSB = static-charge-sensitive bed
TcCO, = transcutaneous carbon dioxide
TNF-o = tumour necrosis factor-o

TIB = time in bed

UARS = upper airway resistance syndrome
UPPP = uvulopalatopharyngoplasty
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12 Introduction

INTRODUCTION

In Western societies, sleep-disordered breathing (SDB) is an important health problem
leading to decreased quality of life, and increased co-morbidity and mortality (Young
et al., 2002; Marin et al., 2005). It is also an important contributor to traffic accidents
(Teran-Santos et al., 1999), and increases the health-care costs for several years prior to
the diagnosis (AlGhanim et al., 2008). Despite the marked recent advancement in our
understanding of the pathogenesis and clinical consequences of SDB, a majority of
those affected remain undiagnosed.

SDB was originally thought to be a “male disorder”. Although SDB has a male
predominance (Young et al., 1993), recent data indicate that it is also a common
disorder in females, especially after menopause (Dancey et al., 2001; Resta et al.,
2003). Importantly, despite development of the diagnostic and treatment options of
SDB during the last three decades, the clinical picture and diagnosis of the disorder are
still based on the typical symptoms and findings of men with SDB. Therefore, women
are likely to be unrecognised and underdiagnosed because of an “atypical” symptom
profile (Kapsimalis and Kryger, 2002a). Indeed, women with SDB challenge our SDB
diagnosis and treatment parctices.

In spite of the growing knowledge that upper airway dysfunction during sleep may be
either complete or partial upper airway obstruction, nearly all studies in this field
define SDB and its severity in terms of the apnea-hypopnea index (AHI). AHI
measures the frequency of periodic obstructive events. Partial upper airway obstruction
is a state of flow-limitation which does not increase the AHI but associates with
symptoms. Therefore, the incidence and severity of SDB in women are underestimated
when defined by the AHI. Women with SDB have a lower AHI in all age groups than
men. However, women are frequently symptomatic with a low AHI, the suggested cut-
off point for clinical significance being 2 for women (Young et al., 1993). This implies
that factors other than the AHI are likely to contribute to the symptoms of female SDB.
Our clinical experience and accumulating scientific data suggest that partial upper
airway obstruction plays a key role in female SDB (Polo-Kantola et al., 2003).

Menopause is a known hallmark in a woman’s life span, not only in terms of
permanent cessation of menstruation, but also in terms of increased risk for
cardiovascular and other chronic diseases (Bixler et al., 2001; Moe, 2005). Previously,
SDB was conceived as a disorder of loud snoring, nocturnal breathing pauses and
excessive daytime sleepiness. Today there is compelling evidence that SDB is a
significant risk factor for cardiovascular disease and mortality (Marin et al., 2005).
However, there is a lack of studies addressing the impact of menopause on the burden
of co-morbidities in women with SDB.

Women with a low AHI but with clinically significant and symptomatic partial upper
airway obstruction frequently remain undiagnosed and untreated. Missing the diagnosis
may be a result of relying on a conventional sleep study (e.g. polygraphic sleep study
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with a thermistor) which is not able to detect partial upper airway obstruction. Further,
even though a static-charge-sensitive bed or nasal prongs connected to a pressure
transducer may have been included in the set-up of the sleep study, the clinical
significance of partial upper airway obstruction (flow limitation) and patient’s
symptoms may be overlooked. One reason for this could be the current thinking that
sleepiness, the cardinal symptom of SDB, is due to arousals from sleep, which are not
as common in partial obstruction as in obstructive sleep apnea (Saaresranta et al.,
2001). As a result, the severity of SDB based on a low AHI alone will be interpreted as
mild, and the patient left without treatment. However, even mild SDB is associated
with increased morbidity (Young et al., 1997). These cases of “mild SDB” may include
a notable proportion of patients with partial obstruction. No studies have evaluated the
impact of type of SDB (partial obstruction vs. conventional obstructive sleep apnea) on
the burden of co-existing diseases in SDB.

To overcome SDB, we need clinically cost-effective diagnostic methods, effective
treatment modes and good intervention strategies to prevent SDB or its progression in
all its forms. The aim of the present study was to evaluate the impact of menopause
and gender on the manifestation of SDB in terms of breathing pattern, co-morbidity
profile and long-term adherence to nasal continuous positive airway pressure (CPAP).
Another aim was to evaluate the clinical relevance of partial upper airway obstruction
compared to obstructive periodic breathing (conventional sleep apnea) in terms of
adherence to CPAP therapy, as well as the spectrum and prevalence of co-existing
diseases. This work attempts to provide clinical principles for identifying the women
who would benefit from active treatment of SDB.
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REVIEW OF THE LITERATURE

1.  Sleep-disordered breathing (SDB)

Sleepmedicine is growing rapidly as a clinical discipline on the basis of the increasing
recognition of sleep-disordered breathing. The discovery of sleep apnea as episodes of
obstructive, central and mixed apneas was reported in 1965 in Germany (Jung et al.,
1965) and in 1966 in France (Gastaut et al., 1966) independently. It took two more
decades to understand the clinical relevance of SDB and to find an effective treatment
(Fujita et al., 1981; Sullivan et al., 1981). Nowadays, the prevalence of SDB in adults
is estimated to be 4% in middle-aged men and 2% in women (Gislason et al., 1988;
Young et al., 1993; Kripke et al., 1997). However, these studies have used thermistors
to detect respiratory events, whereas now there is a growing body of evidence showing
that inspiratory flow-shape analysis from nasal flow prongs is a better tool to
distinguish respiratory events, especially partial upper airway obstruction (Norman et
al., 1997; Aittokallio et al., 2001). According to the Health 2000 survey in Finland, 7%
of the Finnish adult population reported weekly appearance of apnea episodes during
sleep (13% of men and 3% of women), whereas only 2% of men and 0.5% of women
had physician diagnosed SDB (Aromaa and Koskinen, 2002). With growing obesity,
the prevalence of SDB (defined as an apnea-hypopnea index > 5) in adults may be as
high as 20% (Young et al., 2002). Because epidemiologic studies have focused solely
on obstructive sleep apnea, the prevalence of partial upper airway obstruction is largely
unknown. In a Finnish study of 65 healthy obese postmenopausal women, the
incidence of partial upper airway obstruction was 17% which is surprisingly high
(Polo-Kantola et al., 1999).

1.1. Definition of obstructive sleep-disordered breathing

Obstructive apnea episodes are defined as cessation of airflow for at least 10 seconds
despite the continuing breathing efforts. To score an apnea there must be a drop of 90%
or more in airflow from baseline. No arterial oxyhemoglobin desaturation is needed,
and at least 90% of the event’s duration must meet the amplitude reduction criteria for
apnea (Iber et al., 2007). Hypopnea is an episode that lasts for at least 10 seconds with
either a 30% reduction in thoracoabdominal movement or airflow as compared with
normal baseline with 4% or more arterial oxyhemoglobin desaturation, or a 50%
reduction in thoracoabdominal movement or airflow as compared with normal baseline
with 3% or more arterial oxyhemoglobin desaturation, and in both cases at least 90%
of the event’s duration must meet the amplitude reduction criteria for hypopnea (Iber et
al., 2007). The apnea-hypopnea index (AHI) is the total sum of the apnea and hypopnea
episodes divided by hours of sleep. Respiratory effort-related arousal (RERA) is
defined as a sequence of breaths characterized by increasing respiratory effort or
flattening of the nasal pressure waveform leading to an arousal from sleep (Iber et al.,
2007). The event lasts for at least 10 seconds and it does not meet the criteria for apnea
or hypopnea. The respiratory disturbance index (RDI) is the sum of RERA, apnea and
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hypopnea events per hour. RERA is presumed to have the same underlying
pathophysiology as apneas and hypopneas and is thus included under the definition of
obstructive sleep apnea syndrome (OSAS) (American Academy of Sleep Medicine,
2005). The conventional method to detect breathing disorders during sleep is a full
night, 12-channel polysomnogram (PSG) including the following parameters:
electroencephalogram (EEG), electrooculogram (EOG), electromyogram (EMGQG),
oronasal flow, chest wall effort, body position, snore microphone, ECG, and arterial
oxyhemoglobin saturation (American sleep Disorders Association, 1997).

1.2. Definition of partial upper airway obstruction

The literature provides various definitions for partial upper airway obstruction during
sleep depending mostly on the set-up of a sleep study and the detection methods used
to measure various phenomena.

Increased respiratory resistance (IRR) is an abnormal breathing pattern characterised
by prolonged (from 1 min up to 30 min) episodes of nonperiodic obstructions, with
slowly increasing intrathoracic pressure variations (Polo et al., 1991; Polo et al., 1992)
(Fig. 1). IRR is often accompanied by sustained arterial oxyhemoglobin desaturation
and terminated by movement arousal (Polo, 1992). To be registered with a static-
charge-sensitive bed (SCSB) an IRR episode requires at least a 20 cmH,O intrathoracic
pressure variation (Kirjavainen et al., 1996). IRR corresponds to prolonged episodes of
obstructive hypoventilation and should not be confused with shorter episodes of
UARS. IRR reflects partial upper airway obstruction and is diagnosed with a SCSB,
which is a non-invasive method to detect breathing, heart beats and body movements
without any electrodes placed on the subject (see Methods). This is important in
detecting long episodes of IRR without any irritation of the esophageal balloon and
early arousals because of it.

e 1 vt MOVEMENT
1 min

Cm—

RESPIRATION

Pe(cmH50)

A

L

it

Figure 1. Increased respiratory resistance (IRR) is an abnormal breathing pattern characterized
by prolonged (from Imin up to 30 min) episodes of nonperiodic obstructions, with slowly
increasing intrathoracic pressure variations. With permission from Polo et al., 1991. BCG =
ballistocardiogram, Pe = esophageal pressure.
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Upper airway resistance syndrome (UARS) was described by Guilleminault in 1993
(Guilleminault et al., 1993). These patients had typical symptoms of OSAS. They may
or may not have been snorers but had no apneas or hypopneas on polysomnography.
Instead, they had short events of increased negative esophageal pressure during
inspiration, terminating with an arousal. The diagnostic criteria for UARS have not
been established and there is no agreement that UARS is a separate entity. To diagnose
UARS, nocturnal polysomnography should include additional measurements like
esophageal pressure monitoring (Bao and Guilleminault, 2004).

Flow limitation is a term referring to abnormal inspiratory air flow shape during partial
upper airway obstruction (Aittokallio et al., 2001). When upper airway narrowing
develops after falling asleep, a normal rounded inspiratory flow shape will change to a
flowlimited one, which is characterized by plateau flow throughout the middle part of
inspiration. The plateau flow during inspiration indicates that the upper airway behaves
like a collapsible tube (Starling’s resistor’s physiological phenomenon) (Fig. 2). The
area under the inspiratory flow curve displays the inspiratory volume. Prolonged
episodes of nonperiodic partial upper airway obstruction are characterized by constant
flow limitation with gradually decreasing inspiratory volumes, often terminated with
arousals. Flow limitation is measured with nasal prongs (cannula) connected to a
pressure sensor. Detection of flow limitation is used with success in some nasal CPAP
devices to autotitrate the CPAP to a level controlling not only episodes of obstructive
apnea but also episodes of partial upper airway obstruction.

Inspiratory Flow
Lirajtati
Unobstructed
Breaths [\
0 10 20 = 3 40 50 60

Figure 2. Flow limitation measured with nasal prongs during one minute (Starling’s resistor’s
physiological phenomenon).

1.3. Pathophysiology and etiology

The pathophysiology of SDB is not fully understood but it is believed to result from a
combination of changes in upper airway anatomy and in neural activation mechanisms
intrinsic to sleep. The pharynx is a very compliant structure of three regions:
nasopharynx (the area between nasal turbinates and the hard palate), oropharynx (the
area from the tip of the soft palate to the epiglottis) and hypopharynx (the area from the
base of the tongue to the larynx) (Fig. 3). The tendency of the upper airway to collapse
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can be expressed quantitatively by P (pressure surrounding the pharyngeal airway,
critical value for the transmural pressure). When airways are exposed to atmospheric
pressure (zero-level), an elevation of P.; above zero would cause obstruction, whereas
a decrease in P below zero would increase the airway patency (Gleadhill et al., 1991).
The size of the upper airway depends on the balance between forces that would
collapse the airway and forces that would maintain airway patency. Collapsible forces
include negative intraluminal pressure and increased extraluminal pressure (airway
suction), and the counteracting force is contraction of pharyngeal dilator muscles.

Epiglottis

Vocal folds

Trachca

Figure 3. Anatomy of pharynx.

First, the sleep-wake state in the pathogenesis of SDB is highlighted by the fact that
disordered breathing events only occur during sleep, even in patients with severe SDB.
During sleep the activity of dilating muscles is relatively suppressed and associated
changes in the mechanics and reflex activity of the muscles occur, causing a rise in P
and greater tendency for the upper airway to narrow during inspiration (Worsnop et al.,
1998; Malhotra et al., 2000).

Second, since the upper airway lacks a rigid structural support, the size of the airway is
dependent on the position of the soft tissue structures of the oropharynx. Because of
gravity, in the supine position the tongue and soft palate move posteriorly, reducing the
oropharyngeal area and predisposing to collapse (Malhotra et al., 2004). Lung volume
is known to influence pharyngeal airway calibre and this influence is clearer in SDB
patients than in subjects without SDB (Hoffstein et al., 1984). When the lung volume
decreases to almost residual volume, the pharyngeal cross-sectional area decreases and
pharyngeal resistance increases (Brown et al., 1986; Series et al., 1990). Larger lung
volumes cause caudal traction of the trachea and soft tissues in the upper airway,
“tracheal tug”, which in the supine position, and especially in obese patients, is reduced
and predisposes to upper airway collapse (Van de Graaf, 1988).

Third, anatomic differences in the pharyngeal airway between patients with SDB and
controls have been reported, patients with SDB having smaller airway lumen than
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controls (Schwab et al., 1995; Schellenberg et al., 2000). This may be caused by
genetic influence (small skeletal boundary for tissues surrounding the upper airway),
soft tissue abnormalities (long uvula or soft palate, large tongue), or obesity affecting
pharyngeal size by deposition of fat around the airway or by altering muscle
orientation and function (Partinen et al., 1988).

Fourth, instability of respiratory control may lead to periodic breathing, and
compromised airway patency can occur at the nadir of the ventilatory cycle when an
imbalance of forces may occur between upper airway muscles and thoracic pump
muscles (Hudgel et al., 1987).

Gender seems to influence the resistance and collapsibility of the upper airway
although the evidence is conflicting. Men are thought to have a larger pharyngeal size
than women and thus lower resistance (Brown et al., 1986; Brooks and Strohl, 1992).
However, pharyngeal resistance has been measured to be twice as high in men as in
women which, on the other hand, can suggest gender differences in the airway
mechanics (White et al., 1985). It has also been reported that changes in the pharyngeal
cross-sectional area are more dependent on lung volume, and increases in pharyngeal
resistance in response to load are greater in men than in women (Brown et al., 1986;
Brooks and Strohl, 1992; Pillar et al., 2000). In females, hormonal status might
influence the upper airway dilator activity during inspiratory resistive loading in such a
way that premenopausal women have greater genioglossal activity compared with
postmenopausal women or age-matched men (Popovic et al., 1995; Popovic et al.,
1998; Driver et al., 2005).

1.4. Prevalence and incidence

When reviewing the epidemiology of SDB, three issues must be kept in mind. First, the
majority of the epidemiologic studies have used the AHI without symptoms of SDB as
a definer of SDB. Second, most of these studies have used thermistors to detect a
respiratory event. This is known to be a less sensitive method than nasal prongs with a
pressure transducer to distinguish respiratory events, especially flow limitation, i.e.
partial upper airway obstruction (Norman et al., 1997; Aittokallio et al., 2001). Third,
there are very little objective epidemiologic data on partial upper airway obstruction.
However, a growing body of evidence shows that partial upper airway obstruction is
clinically significant and, thus, the AHI underestimates the overall prevalence of SDB
(Polo 1992; Hosselet et al., 2001; Cracowski et al. 2001). Prevalence estimates are also
vulnerable to marked differences depending on the study population used. The most
important studies comparing the prevalence and severity of SDB between pre- and
postmenopausal women are reviewed in Table 1.
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In the earlier prevalence studies reviewed by Lindberg and Gislason (2000), the
prevalence of undiagnosed SDB (AHI over 5) in Western countries varied from 0.3%
to 5% in the adult population. In more recent large population-based studies of SDB,
prevalences were estimated to be 17-26% in men and 9-28% in women for at least mild
SDB (AHI over 5), while 7-14% of men and 2-7% of women had at least moderate
SDB (AHI over 15) (Young et al., 1993; Bixler et al., 1998 and 2001; Durén et al.,
2001). When taking into account the symptoms of SDB, the prevalence varied between
3.4-4% in men and 1.2-3.4% in women, making men 2 to 3 times more likely to have
symptomatic SDB than women. The prevalence of UARS is yet unknown but estimates
of 10-15% of patients with snoring and excessive daytime sleepiness have been made
(Guilleminault et al., 1995; Loube and Andrada, 1999).

In the Cleveland Family Study, the incidence in men was overall greater than in
women. With age, the risk in women increased steadily but in men only modestly. As a
result of this, the gender difference in the incidence of SDB disappears by the age of 50
years (Tisher et al., 2003).

In addition to the gender differences in the anatomy and physiology described in the
previous pathophysiologic section, sex hormones are likely to partly explain the
differences in SDB prevalence between men and women, and between premenopausal
and postmenopausal women. A clear gender difference in prevalence of SDB is
reported especially between middle-aged men and premenopausal women but the
difference diminishes between the same age range of men and postmenopausal women
(Durén et al., 2001; Resta et al., 2003; Ip et al., 2004). With increasing age (over 60
years) in both genders, the prevalence of SDB is 2 to 4 times higher than in the middle-
aged population (Redline 1998; Duran et al., 2001; Bixler et al., 1998 and 2001). In the
studies carried out before 2000, the results were conflicting concerning the differences
in SDB prevalence when looking at the effect of menopause. Many of them found no
direct effect of menopause per se (Leech et al., 1988; Millman et al., 1995; Carskadon
et al., 1997), whereas others found SDB more prevalent in postmenopausal than
premenopausal women (Block et al., 1980; Young et al., 1993). Indirect menopausal
effects on SDB prevalence were more frequent episodes of apnea, hypopnea and
oxygen desaturations in postmenopausal than in premenopausal women (Block et al.,
1980; Ware et al., 2000), or apneas were shorter and not so often completely occlusive
in women as in men (Leech et al., 1988). Most of these studies had a small sample size,
menopausal state was defined only by age, and possible hormone treatment (HT) was
not taken into account. More recent studies have clearly demonstrated that
postmenopausal women have higher prevalence and severity of SDB than
premenopausal women (Dancey et al., 2001; Young et al., 2003; Resta et al., 2003; Ip
et al, 2004).

Progesterone is a known respiratory stimulant hormone the secretion of which ceases
after menopause (Zwillich et al., 1978; Skatrud et al., 1978). Conversely, androgens
like testosterone may worsen breathing and promote SDB (Saaresranta and Polo, 2002;
Liu et al., 2003). Possibly, the prevalence of SDB is related to the ratio of
progestational and androgenic hormones, the ratio being high in premenopausal
women, and low or reversed in men and postmenopausal women. Netzer and co-
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workers (Netzer et al., 2003) reported that both premenopausal and postmenopausal
women with SDB (AHI over 10) had lower levels of progesterone, 17-OH
progesterone and estradiol compared with women without SDB (AHI under 10). Even
when age and BMI were taken into account, HT alleviated SDB prevalence. In a
population-based study, SDB prevalence was 0.6% in premenopausal women and 1.9%
in all postmenopausal ones, but adjustments for age or body habitus were not included
in the analyses (Bixler et al., 2001). When taking into account HT, postmenopausal
women with HT had a 0.5% prevalence of SDB, while without HT it was 2.7%, while
men’s prevalence was 3.9% (Bixler et al., 2001). The Sleep Heart Health Study found
that HT (estrogen or estrogen + progestin) is associated with lower AHI levels in
postmenopausal women (Shahar et al., 2003).

1.5. Risk factors

Obesity is a well known and documented risk factor for SDB and there is little
controversy over the causal role of excess body weight in SDB (Young et al., 1993;
Duran et al., 2001; Ip et al., 2004). Weight reduction in obese patients with SDB
decreased the severity of the AHI (Rajala et al., 1991; Strobel and Rosen, 1996;
Lojander et al., 1998), while weight gain increased the AHI in a longitudinal study
(Peppard et al., 2000). Obesity has been hypothesized to affect breathing in many
ways, including alterations in the anatomy of the upper airway structure or function,
respiratory drive and load compensation disturbances, and obesity-induced hypoxemia
(Strobel and Rosen, 1996). Because women are more frequently obese than men, the
prevalence of SDB should be higher in women than in men but the epidemiologic
evidence shows the opposite (Kapsimalis and Kryger, 2002b).

The location of adipose tissue seems to be more important. Millman and co-workers
(Millman et al., 1995) found that the AHI correlated best with upper-body obesity,
measured as the sum of the subscapular and triceps skin fold, whereas despite similar
BMI and waist circumference, men had a greater degree of upper-body obesity with
smaller hip circumference, higher waist-to-hip ratio and a larger subscapular skin-fold
thickness. Differences in premenopausal and postmenopausal women were not found.
Gender differences in fat deposition of the neck might play a role in male
predominance of SDB. With MRI techniques, the total neck soft-tissue volume was
greater in men than in women, and the necks of men contain a higher proportion of fat
than do their bodies as a whole, while the reverse is true for women matched for BMI
(Whittle et al., 1999).

Smoking may have several mechanisms by which it affects SDB. Smoking may cause
an increase in sleep instability and airway inflammation and the acute effects of
nicotine favor increased upper airway tone but this is reversed during overnight
nicotine withdrawal, causing a rebound effect (Wetter et al., 1994). Current smokers
are three times more likely to have SDB than never smokers (Wetter et al., 1994), and
smoking predicts the development of snoring in younger men (Lindberg et al., 1998).
Controversially, The Sleep Heart Health Study reported an inverse association between
current smoking and SDB after adjusting for several factors including BMI and age
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(Newman et al., 2001). They speculated the finding that patients with severe SDB may
have been more prone to quit smoking.

Nasal congestion is usually due to rhinitis, often of allergic origin and due to anatomic
abnormalities (Lojander et al., 1999). There is some evidence that nasal congestion is a
risk factor for SDB from studies that objectively measured nasal resistance (Young et
al., 1997; Lofaso et al., 2000; Liistro et al., 2003). In a recent study of a small male
population with sleep apnea and nasal obstruction, an intervention with a topical
decongestant and an external dilator strip reduced mouth breathing during sleep and
obstructive sleep apnea severity, but did not effectively alleviate obstructive sleep
apnea (McLean et al., 2005).

Anatomic abnormalities have been found to predispose to SDB. Large tonsils and
uvula correlate with RDI (Schellenberg et al., 2000). A long distance between the
mandibular and hyoid bone or a long width of the posterior airway space have also
been significant predictors of elevated RDI (Partinen et al., 1988). In a recent study
from Sweden (Svensson et al.,, 2006), a low soft palate, retrognathia, the uvula
touching the posterior wall in a supine position and at least a 75% collapse at the soft
palate during Miiller maneuver were predictors of SDB (defined as AHI > 10) in
normal weight women, but not in overweight women.

Male gender is a risk factor for SDB but menopause is the most important endocrine
risk factor for SDB in women (see Chapter 2). Polycystic ovary syndrome (PCOS) is
an endocrine disorder resulting in high androgen secretion and predisposing to insulin
resistance and obesity. The combination of these three in PCOS women increases the
risk of SDB to 30 times that of women without PCOS (Vgontzas et al., 2001; Fogel et
al., 2001). SDB is common in many other endocrine disorders like acromegaly,
hypothyroidism, and Cushing’s syndrome (Saaresranta and Polo, 2003). An increasing
body of evidence shows that SDB is linked with metabolic syndrome, insulin and
leptin resistance.

1.6. Clinical features

The diagnostic criteria for adult OSAS are defined according to the international
classification criteria (American Academy of Sleep Medicine, 2005). OSAS patients
complain of excessive daytime sleepiness or falling asleep unintentionally, fatigue,
unrefreshing sleep, or insomnia. The patient wakes holding his/her breath, gasping or
choking, and his/her bed partner reports frequent snoring or episodes of obstructed
breathing during sleep. A polysomnogram demonstrates more than five obstructive
apneas, hypopneas or respiratory-associated arousals per hour and there is evidence of
respiratory effort during all or a portion of each respiratory event. Finally, no other
disorder or used medication explains the above symptoms. Associated features include
loud snoring, obesity, systemic hypertension, pulmonary hypertension, congestive
heart failure, sleep fragmentation, recurrent awakenings from sleep, sleep-related
cardiac dysrhythmias, nocturnal angina, morming headaches, gastroesophageal reflux,
nocturia, depression, impaired quality of life, impaired concentration, diabetes, and
metabolic syndrome.
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Snoring and witnessed apneas reflect the pathophysiologic narrowing of the upper
airways (Kales et al., 1985). In population studies, 25% of men and 15% of women are
habitual snorers (Lugaresi et al., 1980). Snoring increases progressively with age; 60%
of men and 40% of women are habitual snorers between ages 41-65 years
(McNicholas, 2005), but snoring has a poor diagnostic value for SDB or its severity
(Hoffstein and Szalai, 1993). Women tend to report snoring less frequently than men
even with the same severity of SDB (Redline et al. 1994; Young et al., 1996; Valipour
et al., 2007). Men are more likely to report apneas than women, and women are more
likely to report bed partner’s apneas than men (Redline et al., 1994; Kapsimalis and
Kryger, 2002a; Larsson et al., 2003). Some reasons for this discrepancy may be that
snoring and apneas are not “ladylike” symptoms or that women pay more attention to
their bedpartner’s sleep and more easily report the nightly events than men. This can
lead to under-recognition of female SDB.

Sleep fragmentation due to repeated arousals from apneas and hypopneas is thought to
be the cause of excessive daytime sleepiness (EDS) in SDB (Kingshott et al., 1998;
Bennett et al., 1999). Although SDB is a common cause of EDS, it is not very useful as
a clinical feature for diagnosing SDB (Flemons and McNicholas, 1997). Sleepiness in
patients with SDB can be midafternoon drowsiness after a good meal or falling asleep
while eating or driving. SDB with severe EDS is a known risk for motor vehicle
accidents (Young et al., 1997; Teran-Santos et al., 1999; Horstmann et al., 2002). Male
patients with SDB express sleepiness but females tend to describe their sleepiness with
words like fatigue, lack of energy or tiredness (Ambrogetti et al., 1991; Chervin, 2000).
This can be one reason why women’s SDB may be missed in primary care because
they fail to report the typical sleepiness of SDB (Kapsimalis and Kryger, 2002a; Jordan
and McEvoy, 2003). The standard measure of EDS is the multiple sleep latency test
(MSLT) which quantifies the sleepiness as a tendency to fall asleep by measuring the
speed of falling asleep (Carskadon et al., 1986). A behavioral measure of sleepiness is
the Epworth Sleepiness Scale (ESS), a questionnaire about the tendency to fall asleep
in settings where SDB patients typically report falling asleep (Johns, 1993).

Morning headaches and SDB have a long-recognised association. Morning headache
occurs in 18-27% of patients with SDB upon awakening compared to 5% of the
general population (Ulfberg et al., 1996; Paiva et al., 1997; Gdder et al., 2003). The
relationship between morning headaches and SDB is complex and the cause-effect
mechanism is not clear, although it is thought to be related to cerebral vasoconstriction
because of oxygen desaturations in SDB (Loh et al., 1999). In some studies, female
patients with SDB complain more of morning headaches than male patients
(Ambrogetti et al., 1991; Young et al., 1996), but in others there is no difference
(Shepertycky et al., 2007). One reason for this controversy may be that SDB has
different presentations between genders (Kapsimalis and Kryger, 2002a).

“Sleep troubles” like difficulties falling asleep, awakenings during the sleep, insomnia,
nightmares or sweating during the night are also symptoms of SDB, although not so
typical. These atypical symptoms are more common among female than male patients
with SDB; again making it harder for the clinician to suspect SDB in a woman
presenting with these symptoms (Shepertycky et al., 2005; Valipour et al., 2007).
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Nocturia is a relatively common clinical feature in SDB; 28% of patients report four to
seven urination trips per night. Increased intra-abdominal pressure induces increased
secretion of atrial natriuretic peptide which, in turn, contributes to nocturia (Umlauf
and Chasens, 2003). SDB severity predicts the nocturic frequency (Hadjuk et al.,
2006), and nasal CPAP treatment abolishes the nightly symptom (Umlauf and Chasens,
2003).

The prevalence of gastroesophageal reflux (GER) in patients with SDB (54-76%) is
significantly higher than in the general population (10%) (Zanation and Senior, 2005).
However, no temporal or causal relationship between the two has been demonstrated.
Age and obesity are the same risk factors for both. In SDB, the obstructive events
during the night cause an increased transdiaphragmatic pressure gradient allowing
increased lower esophageal sphincter relaxation. Additionally, the acid clearance is
prolonged during sleep (Kasasbeh et al., 2007). Nasal CPAP treatment in patients with
SDB and GER has decreased the GER symptoms especially during the night (Green at
al., 2003) but there is also some evidence that GER treatment may improve SDB
severity (Zanation and Senior, 2005).

Periodic leg movements in sleep (PLM) is a sleep-related phenomenon with periodic
episodes of repetitive movements of the lower extremities (Hornyak et al., 2006). The
prevalence of PLM in the general population is 3.9%, being higher in women than in
men, 4.6% vs. 3.1%, respectively, and subjects with PLM were more often snorers than
subjects without PLM (Ohayon and Roth, 2002). Among the population with suspected
SDB, the prevalence of PLM is as high as 24% (Chervin, 2001). In a recent report,
women had higher scores for PLM along with psychiatric sleep disorders and
narcolepsy than men, but women with an AHI > 15/h had as high scores for SDB,
PLM and narcolepsy as men with an AHI > 15/h (Valipuor et al., 2007). Menopause
(defined by age cutpoint of 50 years) had no effect on PLM expression (Valipour et al.,
2007).

Symptoms of depression in SDB are common, but also the incidence of SDB is
increased in subjects with depression (Ohayon, 2003; Farney et al. 2004). It has been
speculated that the severe fatigue and sleepiness of patients with SDB might be
misinterpreted as symptoms of depression, or that the adverse effects of SDB might
actually cause clinical depression (Schwartz et al., 2005). There is also a significant
gender-related difference in depression or other psychiatric symptoms in SDB. Female
subjects express these symptoms or are treated for depression more often compared to
males. Also women with severe SDB have higher depression scores compared to those
with mild SDB (Young et al., 1996; Pillar and Lavie, 1998; Shepertycky et al., 2005;
Valipour et al., 2007).

Cognitive function impairment has been reported and measured by several studies
reviewed in a resent article by Engleman and Douglas (2004) but the impact of nasal
CPAP treatment on cognitive function is still controversial (Weaver and Chasens,
2007). Cognitive function impairment in SDB is thought to be caused by either
nocturnal hypoxemia or daytime sleepiness (Beebe and Gozal, 2002; Verstraeten,
2007).
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1.7. Severity

The clinical severity level of SDB is specified by two components: objective findings
in a sleep recording and subjective daytime sleepiness with functional disability.
According to the American Academy of Sleep Medicine Task Force and the Institute
for Clinical Systems Improvement guidelines’ severity criteria, the rating should be
based on the most severe component (American Academy of Sleep Medicine Task
Force, 1999; Institute for Clinical Systems Improvement, 2007). Polysomnographic
obstructive breathing events (measured as AHI and arterial oxyhemoglobin saturation)
and sleepiness and their severity grading are shown in Table 2. However, in many
papers, the severity of SDB is defined based only on the AHI.

Table 2. The severity criteria for obstructive sleep apnea syndrome (OSAS) based on the most
severe component of the three (AHI, SaO, during sleep, sleepiness). Modified from American
Academy of Sleep Medicine Task Force (1999) and Institute for Clinical Systems Improvement
(2007) guidelines.

Severity of OSAS Polysomnographic Sa0, during Sleepiness
findings as AHI sleep
MILD 5-15 Mean 290 % Unwanted sleepiness or involuntary sleep
and episodes occur during activities that
Min > 85 % require little attention (watching TV,

reading, or travelling as a passenger).
Symptoms produce only minor
impairment of social or occupational

function.
MODERATE 15-30 Mean <90 % Unwanted sleepiness or involuntary sleep
and episodes occur during activities that
Min>70% require some attention (concerts,

meetings, or presentations). Symptoms
produce moderate impairment of social
or occupational function.

SEVERE >30 Mean <90 % Unwanted sleepiness or involuntary sleep
and episodes occur during activities that
Min <70 % require more active attention (eating,

conversation, walking, or driving).
Symptoms produce marked impairment
of social or occupational function.

Objectively observed sleep abnormality is not always linked with subjective symptoms
or vice versa. Patient’s symptoms and their effects on daytime functioning are
especially important when assessing the severity of partial upper airway obstruction
because polysomnographic findings may be mild or normal. As the AASM Task Force
reports, currently there are only a few good prospective studies on estimating the
correlation between the AHI and severity of SDB (Young et al., 1997). The AHI alone
is not a good indicator of SDB severity and it also correlates poorly with the patient’s
symptoms (Flemons and McNicholas, 1997). This lack of relationship between the
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AHI and symptoms of SDB is probably due to the multifactorial origin of symptoms.
The AHI has also been criticized as a too simple variable to measure SDB severity
because it takes into account apneic or hypopneic events (obstructive sleep apnea) but
is unable to measure arousals or flow limitation (partial upper airway obstruction)
which can also cause sleep fragmentation and SDB symptoms (Hudgel, 1986; Polo,
1992; Cracowski et al., 2001). In the search for alternatives to the AHI as a measure of
severity of SDB we need indexes which also take into account partial obstruction. By
using the SCSB, it is possible to extend respiratory analysis during sleep to distinguish
various patterns of both periodic breathing and partial upper airway obstruction (see
Methods; Polo, 1992).

Sleepiness is the cardinal symptom of SDB, and the Epworth Sleepiness Scale (ESS)
score progressively increases with an increasing AHI. These findings are independent
of age or sex (Young et al., 1993; Gottlieb et al., 1999). Also snoring without SDB has
been associated with sleepiness (Gottlieb et al., 2000). However, the majority of
patients with SDB (defined as AHI 5 or more) did not complain of sleepiness, only
22% of females and 17% of males reported it (Young et al., 1993). This implies that
conventional polysomnografic events of SDB do not correlate well with sleepiness, and
that there are some other reasons than SDB that associate with sleepiness. Bixler and
co-workers reported that in the general population depression is the major risk factor
for sleepiness, other risk factors being obesity, diabetes and young age (Bixler et al.,
2005). They emphasised the importance of evaluating the mental health issues and
metabolic syndrome whenever a patient complains of sleepiness, regardless of SDB.
There is also a lack of adequate prospective studies that have validated severity criteria
for sleepiness (American Academy of Sleep Medicine Task Force, 1999).

Because cardinal measures of severity of SDB (AHI and daytime sleepiness) lack
specificity and sensitivity, it is crucial to take into account the whole clinical picture of
the suspected SDB patient when assessing the clinical severity of SDB and modes of
treatment.

1.8. Treatment

The principle medical therapy for SDB is nasal continuous positive airway pressure
(CPAP) administered through a nasal or facial mask or nasal pillows. Obesity is closely
linked with SDB and thus weight reduction and other healthy lifestyle modifications
have to be emphazised in the treatment. Oral appliances and surgical treatments are
effective only for a carefully selected group of patients. Many pharmagological agents
have been studied but no effective medication for SDB has yet been found (Hedner et
al., 2008).

1.8.1. Nasal continuous positive airway pressure (CPAP)

Nasal CPAP is the treatment of choice for SDB. It acts as a pneumatic splint to elevate
and maintain a positive pressure in the upper airway during inspiration and expiration
(Sullivan et al., 1981). Nasal CPAP causes enlargement of the airway by dimensional
changes of the lateral pharyngeal walls, and it increases the tone of upper airway
dilator muscles, thus inhibiting the susceptibility to collapse (Issa and Sullivan, 1984).
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Nasal CPAP improves both subjective and objective neurobehavioral symptoms of
SDB (Patel et al., 2003). The benefit of nasal CPAP treatment has been found to be
greater in moderate to severe cases of SDB compared to mild cases, even though the
AHI has improved with treatment (Monasterio et al., 2001; Barnes et al., 2002; Patel et
al., 2003). On the other hand, in SDB with the AHI of over 30 but without subjective
daytime sleepiness, nasal CPAP did not improve quality of life or objective measures
of neurobehavioral symptoms (Barbé et al., 2001). This inconsistency may be
attributed to other reasons for sleepiness than SDB while being treated with nasal
CPAP: differences in motivational factors with symptomatic and symptomless SDB
patients, or that objective measures of daytime impairments are not sensitive enough
for subjective sleepiness (Monasterio et al., 2001; Patel et al., 2003). The American
Academy of Sleep Medicine Report recommends nasal CPAP for the treatment of mild
to severe SDB, and it is also indicated for improving self-reported sleepiness or quality
of life or as an adjunctive therapy to lower blood pressure in hypertensive patients with
SDB (Kushida et al., 2006).

Nasal CPAP therapy is the most effective method to treat SDB but the adherence to the
therapy is challenged by technological (problems caused by mask and device) and
psychosocial (long-lasting treatment, spouse involvement, treatment follow-up)
aspects. Nasal CPAP adherence ranges from 50% to 84% (Grote et al., 2000; Sin et al.,
2002) depending on the criteria used for good adherence and how the data of usage are
collected (self-reported use, type of time clock in CPAP device). The commonly used
definition of clinically good adherence is nasal CPAP usage of more than 4 hours per
night for more than 70% of days (Engleman et al., 1994). It is well established that
nasal CPAP adherence is poor in patients with mild symptoms of SDB (Engleman et
al., 1999; Rosenthal et al., 2000). Other factors found to negatively influence nasal
CPAP adherence are lack of perceived benefit, side effects from CPAP (mask
irritations, persistent air leakage), previous uvulopalatopharyngoplasty, nasal
obstruction and claustrophobia (Engleman and Wild, 2003). Interestingly, pressure
intolerance is not a common complaint among nasal CPAP users. Predictive factors for
good nasal CPAP adherence are increased severity of SDB, higher AHI, greater
daytime sleepiness, perceived symptomatic benefit (Engleman and Wild, 2003) and
good adherence to the treatment from the very beginning (Budhiraja et al., 2007a).
Better adherence may be achieved by interventions such as individual education about
SDB and nasal CPAP, mask adjustments, early interventions for side effects, early and
regular clinic visits, spouse involvement or objective monitoring of adherence
(Engleman and Wild, 2003).

Reports of age and gender as predictive factors for nasal CPAP use are conflicting. Sin
and co-workers found increasing age and female sex associated with better nasal CPAP
adherence, while McArdle and his group found the opposite (McArdle et al., 1999; Sin
et al., 2002). The majority of the studies of nasal CPAP adherence are conducted with
predominantly male subjects and thus do not have enough power to find a gender
difference. No previous reports of nasal CPAP adherence in partial upper airway
obstruction exist.
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1.8.2. Lifestyle modifications

Obesity is one of the main risk factors for SDB; weight loss reduces apneic and
hypopneic events and abolishes SDB symptoms (Rajala et al., 1991; Strobel et al.,
1996; Lojander et al., 1998; Peppard et al., 2000). Weight loss should be recommended
for all obese SDB patients regardless of other treatment modes. It has been reported
that a 10% weight loss predicts a 26% decrease in AHI and by means of a cognitive-
behavioral weight loss program, a satisfactory weight loss with improvement of SDB is
achieved (Peppard et al., 2000; Kajaste et al., 2004).

Alcohol consumption and benzodiazepines, as well as other sedatives or medications
that induce weight gain (antipsychotics, antiepileptics, and hormones) may exacerbate
SDB (Berry et al., 1995; Scanlan et al., 2000). Smoking may cause difficulties in
initiating or maintaining sleep, and airway obstruction by nasopharyngeal oedema and
airway inflammation (Strollo et al., 2005). SDB patients should be encouraged towards
good sleep hygiene and to avoid sleep deprivation which otherwise may also worsen
SDB (Strollo et al., 2005). Sleeping position affects upper airway stability in SDB
patients, and lateral positioning during sleep stabilises the upper airway (Neill et al.,
1997).

1.8.3. Oral appliances and surgical treatment

The rationale for oral appliances is to increase the airway space, stabilize the position
of mandibula and advance that of the tongue, thus reducing the collapsibility of the
upper airway (Ng et al., 2003). Oral appliances are inexpensive, well tolerated and
possible side-effects are reversible after cessation of treatment. They are a good
treatment of choice for the snorer and the patient with mild to moderate SDB who is
not compliant with nasal CPAP. However, oral appliances are usually less effective
with severe SDB (Johnston et al., 2002).

The goal of surgical treatment is to provide a site-specific increase in upper airway size
and a decrease in airway resistance, thus reducing the workload of breathing. The three
major regions of surgical treatment are nose, soft palate and tongue base. Surgical
techniques include tracheostomy, nasal reconstruction, uvulopalatopharyngoplasty
(UPPP), tongue reduction, genioglossus or bi-maxillary advancement, maxillary and
mandibular osteotomy, and the newest technique, temperature-controlled
radiofrequency. Before starting the surgical treatment, the indications and risks of the
procedure have to be carefully evaluated to provide the best outcome. Surgical
treatment plays a limited role in the treatment of SDB because of its disappointing
long-term efficacy. (Powell et al., 2005)

2.  Female gender and sleep-disordered breathing — what differs from men?

The concept of obstructive sleep apnea was first described and defined in males.
Findings and symptoms are simply extrapolated to females without taking into account
special factors like differences in control of breathing and different hormonal
environment.
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2.1. Hormonal changes in women

2.1.1. Menstrual cycle

The normal menstrual cycle lasts 28 days starting with the menses on day 1. Ovulation
occurs in the middle of the menstrual cycle dividing it into two phases: a follicular
phase and a luteal phase. During the follicular phase, ovarian follicles grow and
estrogen level rises, peaking just before ovulation. This triggers luteinising hormone
secretion and ovulation occurs. After ovulation, the progesterone hormone dominates
together with estrogen, but if no fertilization occurs, hormone levels drop and the
menstrual cycle starts again (Armitage et al., 2005). Although women subjectively
report sleeping difficulties during the menstrual cycle, in polysomnographic sleep
studies, there are only few differences in sleep architecture: an increase in sleep spindle
frequency and a small decrease in rapid eye movement (REM) sleep in the luteal phase
compared with the follicular phase (Driver et al., 1996; Moline et al., 2003). In the
follicular phase, upper airway resistance increases compared to the luteal phase, thus
causing menstrual-cycle-dependent mild partial upper airway obstruction in women
(Driver et al., 2005).

2.1.2. Pregnancy

During pregnancy, estrogen and progesterone levels are high, ensuring less
collapsibility of the upper airway (Saaresranta and Polo, 2003). On the other hand, in
the pregnant woman, the upper airway becomes narrower, the nose stuffier and the
function of the diaphragm deteriorates compared to a non-pregnant one, thus
predisposing to snoring and SDB (Saaresranta and Polo, 2003). Pregnancy affects sleep
because of the subjective discomfort of nausea or vomiting, the growing uterus, fetal
movements, urinary frequency, backaches etc. (Moline et al., 2003). In sleep studies
during pregnancy, more frequent awakenings and total wake time during the night, as
well as decreased slow wave sleep have been reported (Moline et al., 2003). It is also
known that during pregnancy 15-20% of women report a new onset of snoring,
whereas less than 5% report snoring before pregnancy, and chronic pregnant snorers
are more likely to exhibit UARS (Franklin et al., 2000; Guilleminault et al., 2000).
Snoring in pregnancy is associated with pre-eclampsia and pregnancy-induced
hypertension (Franklin et al., 2000). Nikkola and colleagues found no significant sleep
apnea or episodes of hypoxemia in women with multiple pregnancy (Nikkola et al.,
1996). On the other hand, obese pregnant women are at greater risk of SDB compared
with non-obese pregnant women (Maasilta et al., 2001).

2.1.3. Menopause

Menopause is defined as permanent cessation of menstruation because of depletion of
ovarian follicles. Clinical menopause is defined retrospectively 12 months after the
final menstrual period. Menopause occurs at a median age of 51 years for all Finnish
women (Luoto et al., 1994), but ranges in Western countries from 40 to 58 years (Moe,
2005). Smoking, obesity, menarche age, duration of breastfeeding and use of oral
contraceptives influence the age at which menopause occurs. During the
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perimenopausal stage, ovarian function starts to change, causing irregularities in
menstruation. This stage starts two to eight years before the cessation of menstruation
and lasts until 12 months after the final menses. The postmenopausal stage starts after
the menopause and lasts through the remaining life span of a woman. The
perimenopause and the part of the postmenopausal period with climacteric symptoms
comprise the climacterium (Greendale et al., 1999).

Hormonal changes during the menopausal transition are not abrupt. It is a dynamic
process consisting of complex and interactive changes in the endocrine and central
nervous system. The perimenopausal stage is characterised by elevated follicle-
stimulating hormone (FSH) levels and variable menstrual cycle length. Inhibins A and
B are negative feedback regulators of FSH. During the menopausal transition, FSH
levels increase first because of a decrease in secretion of inhibin B, which may cause
elevated luteinizing hormone (LH) and estrogen levels (Santoro, 2005). Later on, FSH
levels increase because of the absence of estrogen and progesterone that would
normally inhibit FSH secretion by negative feedback on the hypothalamus (Moe,
2005). The postmenopausal stage is characterised by high FSH (> 30 IU/l) and LH
levels, low levels of estrogen and progesterone, and more than 12 months since the
final menstruation. After 2-3 years of menopause, LH levels start to decrease
(Longcope et al., 1986). In premenopausal women, the main estrogen is estradiol (E2)
derived from the ovaries. After menopause, most estrogens are derived from
androstenedione and aromatised to estrone (E1) in adipose tissue (Grodin et al., 1973).
Therefore, estrogen concentrations can be at the same level as during the
premenopause in very obese postmenopausal women (Kirchengast, 1994). The normal
feedback regulation of female hormones is presented in Figure 4.

Hypothalamus

GnRH + _ Estradiol
Progesterone
Anterior
pituitary
FSH
LH + = | Inhibins

q

Figure 4. Normal feedback regulation of female hormones. FSH=follicle-stimulating hormone,
LH=luteinizing hormone, GnRH=gonadotropin-releasing hormone, + positive feedback, -
negative feedback.

In the Western countries, women live for nearly 80 years and therefore spend about
one third of their life in the postmenopausal phase. The well known vasomotor
symptoms of menopause include hot flashes and night sweating (Freedman, 2005).
Sleeping problems are reported by up to 73% of postmenopausal women. Other
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menopausal symptoms and signs include urinary incontinence, vaginal atrophy,
reduced sexual function and depression (Dzaja et al., 2005). All these symptoms may
start years before the menopause, during the perimenopausal phase, also causing sleep
problems and fatigue (Moline et al., 2003). The prevalence of SDB rises among
postmenopausal women so that the well-documented gender gap in SDB prevalence
begins to narrow from the female/male ratio of 1:3.3 to 1:1.44 (Bixler et al., 2001).
Strong associations have also been found with menopause and obesity, hypertension,
thyroid dysfunction and cancers (Moe, 2005).

2.2. Influence of menopause on symptoms of SDB

Poor sleep quality is linked with middle age in women and attributed to the
menopause, but the results are inconsistent (Owens and Matthews, 1998; Kravitz et al.,
2003; Young et al., 2003; Redline et al., 2004). In older age, sleep may be affected by
age-related problems like chronic pain, depression or other diseases. SDB is associated
with sleep architecture alterations like more light sleep, less deep sleep and increased
arousals. These associations are stronger in men than in women, suggesting important
sex differences in sleep physiology (Redline et al., 2004).

The gender differences in symptoms have been discussed in the clinical features
section (section 1.6.). Premenopausal women with SDB are heavier than
postmenopausal ones matched for RDI. Indeed, obesity becomes a less important risk
factor for women after menopause (Redline et al., 1994; Young et al., 1996). In one
study, all (100%) postmenopausal women with HT and SDB and all premenopausal
women with SDB were obese, but it was true for only 49.4% of postmenopausal
women without HT but with SDB (Bixler et al., 2001). Few studies address symptom
differences between pre- and postmenopausal women with SDB. In an older study, the
clinical complaints of pre- and postmenopausal SDB women were compared
(Guilleminault et al., 1988). Premenopausal women tended to report more morning
headaches and night terrors (75% vs. 60% and 50% vs. 21%, respectively) and less
severe EDS (56% vs. 71%) than postmenopausal ones. In another old study, the
symptoms of premenopausal women with SDB were characteristic of the syndrome:
loud snoring and EDS (Wilhoit and Suratt, 1987). In a questionnaire study of the
general population in Sweden, 1.4-7.4% in the age groups of premenopausal women
(aged 20-44 yrs) reported snoring as a problem, as did 3.2-14.4% in the age groups of
postmenopausal women (aged 50-69 yrs) (Larsson et al., 2003). Relatives were
concerned about witnessed apneas in 0.9-2.2% in the age groups of premenopausal
women and in 2.1-6.5% in the age groups of postmenopausal women. In a recent
questionnaire study, no differences were found in answers regarding symptoms of
sleep apnea, periodic leg movement or psychiatric sleep disorder between women
under 50 years compared with women over 50 years old, when the AHI was taken into
account (Valipour et al., 2007).

2.3. Influence of menopause on findings of SDB

Subjective sleep quality is impared after menopause in women (Young et al., 2003).
Studies to assess sleep before and after menopause with objective sleep measures like
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polysomnography or actigraphy are few. An actigraphy study found more frequent
arousals during the night in perimenopausal women compared to premenopausal ones
(Baker et al., 1997). Polysomnographic studies have not shown any objectively
detectable decline in sleep quality, although subjectively disrupted sleep and daytime
fatigue are common complaints among postmenopausal women (Young et al., 2003;
Sharkey et al., 2003). There is a clear mismatch between subjective and objective data
on sleep and menopause, which has been called “sleep state misperception”. The
reason for this misperception is not known but one possibility is that polysomnography
is not sensitive enough to measure sleep quality (Polo, 2003).

3. Co-morbidities and SDB

Tables 3-6 review the co-morbidity data of SDB studied mostly in recent years.
Recent, original articles on studies comparing co-morbidity in general and SDB
populations are included. Studies comparing co-morbidity in SDB between pre- and
postmenopausal women or between partial upper airway obstruction and periodic
obstructive breathing do not exist.

3.1. Cardiovascular co-morbidities and diabetes mellitus type 2 in SDB

SDB is a highly prevalent disease in the population and it is frequently coexisting
undiagnosed in patients with some other diseases. The typical patient with SDB is an
obese, middle-aged male or postmenopausal female, all features which also increase
cardiovascular risk, making it hard to assess the independent role of SDB in
cardiovascular diseases. Studies trying to assess these associations have had
methodological limitations like small sample sizes, co-morbid conditions, medication
used, lack of control groups, and lack of longitudinal study designs. However,
nowadays there is evidence of an association between SDB and cardiovascular diseases
or risk (Shamsuzzaman et al., 2003; Caples et al., 2007).

3.1.1. Pathogenesis in cardiovascular co-morbid diseases and diabetes mellitus
type 2 in SDB

SDB includes periodic obstructive breathing and partial upper airway obstruction,
characterized by increased respiratory effort despite total or partial upper airway
obstruction. In central sleep apnea (CSA), both respiratory efforts and airflow are
absent. CSA is mainly linked with heart failure and is not otherwise discussed in this
thesis. The mechanisms underlying cardiovascular diseases in patients with SDB are
not fully understood; the pathogenesis is most likely a multifactorial process. SDB
causes hypoxemia, reoxygenation, hypercapnia, arousals, and sleep deprivation due to
episodes of apneas and hypopneas, and abrupt intra-thoracic pressure changes resulting
from inspiratory effort against the closed upper airway. These can trigger the
intermediary mechanisms for cardiovascular diseases, including sympathetic nervous
system overactivity, inflammatory pathways, endothelial dysfunction, metabolic
dysregulation, oxidative stress, and increased coagulation (Fig. 5) (Shamsuzzaman et
al., 2003; Caples et al., 2007).



SISH PIOY-T°Z Yum 13433803

Review of the Literature

95easIp 14eay d1wayods| (1oyo2
YHM 23043s pajdipausd 041S UIM] ysiuuld ay])
sjujod pua Joj spiodal |eydsoy VN INg asn |oyodje ‘Gupjows  Os|e ‘9seasip 14eay d1wayds| pue aseasip paseq -uonendod L86T “le
‘Burious Inoge aJleuuolsann 69-07 @8y ‘uoisuaniadAy ‘|INg @8y 104 3S14 p|0J-£'T e Sulious 88EV N 1eay d|wayds| 9A1309dS0ld 19 ONAUA)YSOY
uoisuanadAy Joy plos-1'€
S 0G>38e pue G T YISl 0§<3y Aunnoe paseq
sa3 v INgG |eaisAyd ‘Sunjows uolsuanadAy -uone|ndod |euoidas 1002
pue Sulious jo eiep payodal-§|as St 98y ‘asn |oyod|e ‘|G 404 SId p|o} -8'T :8ulious+SQa3 6.9 4 uoisuapadAy -$50.2 pa||0J3u0) “Je 1@ S1aqpur]
0€-LT 4 Ul {, 10U si ‘YSO 40}
pasn ejnuued sdnoJ8 ul |INg 3SII P|OJ-€°C N dAISUSLIdAY VLT N
aJnssaud |eseu :ASojopoylaw ¥9-6S pue uoisuaadAy Joy 04T 4 paseq -uonendod 9002
‘ Jlesnedouawsod ||e 2J9M A sdnoJd ui a8y YHM ‘Sunjows ‘|INg @8y dSH P|oy-6°2-9°C PeY N VSO phE=U uoisuayadAy pajjoJiuod-ase)  “|e 3d JaupaH
3SId paaNpal dvdd 041S
‘' Ayyeay pue sjuana
pajesiisaAul usw ul "SA g@s 949AS paleaJiun JejnasenolpJed paseq -uonendod 500¢
Ajuo “JA T°0T awi3 dn-moj|oj uea|n VN IING pue 88y Ul , SIUSAS Jejndsenolpie) TGOT:IN  |elej-uou/|ele4 paj|043uod andadsold “|e 12 uep
asn 4aas inoyum
Apnis 1oyo) daa|s UISUOISIAN YL |oyooje ‘Supjows ‘xas s109[gns 01 pasedwod % S¥7 4 paseq -uone|ndod
2130|0y1ed 6C IING ‘a8e ‘(spjoj unys yoau  uolsualadAy 1oy )si p|oj-€ (surjaseq) |euipnyi8uol 000Z
06/0¥T < dg ‘dn-moj|o) JA g pue ¢ 9y 98y ‘diy ‘1siem ‘||Ng) SNNgeH -Z pey 9Qs 1edapow 03 P|IA 68TT=U uolsuapadAq 9A1padsold  “|e 1o pieddad
ash |oyod|e ‘Supjows (%€ Xew) Jauuew asuodsal
6C IINgG “YH/M ‘@2uaJajwndin 950p e ul uoisualiadAy %8°7S 4 paseq -uonendod 0002
Apnis yijeaH 1ieaH daa|s Ot< 28y 329U ‘|INg ‘X35 ‘@8y 4O ISIJ 9Y1 paseasdul gas ZE€T9=U uolsuanadAH |BUOI1035-550.D) ““|e 12 012IN
%1 6761 ‘N
T€ 1IN 2ouaJajwnai  Aq uoisuayadAy o ysi ay3 8¢/ 4 paseq -uoneindod 0002
6 98v )o3U ‘|HY ‘X8s ‘@3y  pappe y/1usAs dlsude yoe3 /197=uU uoIsualadAH 9AI1303dsoud “|e 1@ aineq
%9 AQ sl paseauoul 8VS N
IINg ‘YN 3293 Japuasd ‘%9 Aq 3un |@y A1ans Joy %z Aq 154 paseq -uoliendod 0002
3S14 9y} paseaJoul a8e jo JA yoe3 VN 1aY ‘NG @8y s 9y saseasoul gas JAoS > 665=U uolsuayadAH |ealul|d |BUOIISS-SS0UD) “|e 3@ 33049
dUBYIP
juoisualiadAiy 92eJ ‘Bupjows ‘@sn dIA 4O Xas ou ‘pade-s|ppiw VLN paseq
104 3S14 padnpaJ pey LT ING |oyodje ‘IH ‘@snedousw  pue SunoA uj uoisuaiiadAy 000T :4 -uone|ndod |euoidas 000¢
1H yum jesnedouawisod Sulious [t 98y ‘x3s ‘|INg @8y yHm pajeposse 9as TvLT=u uolsuapadAy -$50.2 p3||043u0) “|e 12 13)xig
(03U ‘yau3 diy
VN IINg 1stem ysiem ysiay) |Hy Suiseasdoul yym paseatdul VN :IN/4 paseq -uonendod 166T
09-0€ 33y  sniqey Apoq ‘xas ‘93y AjJeaui| uoisuariadAH 090T=u uoisuayadAy 9AI1103dsoud ““|e 3@ Sunoj
(28ueu Jo ueaw
W/3) Ing
(28uku uo ueaw
sjpuaWwWo) ‘sieah) a8y sjuawisnipy sSuipui4 spalgns aseasig uSisap Apmis Joyiny

34

"SONIPIGIOWI-09 TB[NOSBAOIPIED pue SuIy)ealq paIopIosIp-doa]s JO SAIpNIS JU0AI PoIIS[AS '€ Qe



35

Review of the Literature

VSO

YHM 43AT MO| pPUB YSD/YSO Yum
pajedosse s|aAa| aulydauidaiou
Aseuran Jaysiy pue uondnusip

das|s ‘uonesniesap ‘uone||lqly (%ST 7N
|el3e "spuanedino ‘4H 3|qeis 8T IING VSD pue %ES ¥SO) siualied [4RE] sjuaned S00¢C
%€ 4IN1 09 a8y syuawisn(pe oN 4H ul uowwod AJaA gas €6=uU 4H  4H Yum ey [edulD  “|e 19 Jalua4
avd yum
TE€-9Z IING Aj8uouis ssa| ‘@y0.41s yum(p|oy 16S N s309[qns Suljjlamp
IHVY 99-19 IINg ‘uoisuauadAy ‘Na 9'T) pue 4H Yyum (p|o} 9z 4 avo -Ajlunwwod jo 1002
MO| Y1IM U3AD paisistad s3uipuld sdnou8 u1ady ‘3upjows ‘@eu ‘xas @8y ') AjBuouis pajedosse gas €70T=U puedjoJis ‘4H Apnis |euondas-ssot)  “|e1d seyeys
*s19puasd yioq ul ysD 404
SY)S14 20D2] Mo| ‘@8e ‘4y "{H J010e) Al UeyY3 4 ul ssa| gqs ‘s1apusld 8¢ N
sl Jueujwop a3e 4 ul pue |INg N 6C ING ‘00oL U304 ul eaude aA1ONIISGO 89 4 suaned 4H yum [ers
Ul {ySO 404 Ys [ING pue X35 3[e|\ 0998V ‘4 ‘43A1‘IINgG ‘98e ‘xas pue |eJjuad 03 paje|aJ 4H 0Sy=u 4H |B31UI|2 |BUOI1I95-5504)  666T “|e 33 UlS
43AT MO| 8T IINg (eaude aA13NI1SQO %TT pue sjuaned
pue uonejjuqy [eHle ‘selwyiAyiie Tv-0v [B41UDD %0V) VSO PaseaJdul (4H) Sunjiey 1edy Yum |eln 866T
104 S YSO+4H ‘4H 9|9e1S sdnoug ul a8y syuawisn(pe oN 03 paie|al 4H 9|qe1s I8:N 2Jnjiej peaH |ealul|d aAdadsold  ““Je 18 ayeaer
uollealyd|ed
Aiane Aseuouod yum %0L :IN
€ IINg 510328} ¥sl Aleuouod pajerdosse Ajjuspuadapul %0€ 4 paseq -uonendod 800C
06 38y |euonipeJy ‘xas ‘@8y  gas 4o Aj4anas pue 2duasald 70Z=u avd |EUOI1D3S-S504)  “|e 1D eflelos
Sk SYC:N
pPadNpPaJ JUBWILI} YSO JUBIDIHD VN 1IN Supjows ua.4ind ‘|INQ avd €94 paseq -uolie|ndod 9002
‘dn-mojjoy JA QT ‘Apnis @auapiou| 6798y  ‘uoisuanadAy ‘xas ‘@8y  Jo ysu p|o-9°1 swualed ySO 80€=U avd 1eal 9A1393dsoud “|e 19 13)od
7N
avd yum syuaped 8T 4
8 INg Al1ap|a pue pagde-a|ppiw ul s|oJju0d 666T
69 98y IINg ‘X3s @8y P|0J-T'E | VSO JO ddus|eAald g9 pue z9=u avd Apnis |oJ3u02-9se) “|e 19 13)od
$]0J3U02
swoldwAs 8Z INg NG ‘Bupjows avd Yum pajepposse EJEET 966T
ou ‘pasn %5<|A0 40 |HY Ajuo 1998y ‘IINg ‘uoisuanadAy 98y Ajuapuadapul ySO 0S pue zoT 4 avd Apnis |043u02-3se) ‘|e 1@ 200N
$|0J3U02
swoldwAs LT INgG IANQ ‘Bupjows avd Yum pajeiposse 9ew 0§ (aQvD) aseasip 9661
ou ‘pasn %5<|A0 40 |[HY Ajlup 0998y ‘IINg ‘uolsuaradAy 98y Ajpuapuadapul ySO pue ¢¢T :IN  Asane Aseuouo) Apnais |o13u0d-3ase) “|e 1@ @00\l
Supjows uojjJejul $]0J3U0D
‘|[9A9] |04153|0YD |elpaed0Aw 1oy ysu ploy 9ew €9 aseasIp 066T
VN ‘uoisuamadAy ‘NG 98y -£z Juspuadapul Sem €°G< |y PUB TOT (N ME3ay d1wayds| Apnis |0J3u02-9se) “|e 12 Suny
(@8ueu Jo ueaw
W/3) Ing
(@8ueu Jo ueaw
sjuUaWIWo) ‘saeal) ady sjuawisnipy sSuipui4 spalgns aseasiq uSisap Apnis Joyiny




Review of the Literature

36

(%62)

paJnseaw dUdJaIp Japuas oN Aupigiow dnoug |0J3u0d 3sed uj ueyy Y {IN sjuaned
dnoJ3 |0J1u0d pue 4y Usamiaq VN IINE  JejnoseAolpJied ‘98e ‘xas uoWwwWod 3Jow 30U Ing (%ZE) IT:4 4V J0 Apnis paj|0J3u0d 002
s8uipJodaJ das|s ul SaoURIRKIP ON  (¥8-52) 65 28V J0J paydiew sjoJjuo)  sjuaized 4y ul LOWWOD YSO 6G=u v -95ed dAI3dadsold  “|e 3@ ueyyod
o€ sdnoJ8 ui |INg INQ ‘uoisuapadAy 8/T N
TL-89 ‘90UaIajWNDI sl ploy 68T o (4dv)  swuaned oi3o|olp.ied ¥002
pasn aJieuuonsanb uiuag syl sdnoJ8 ul a8y NBUIINE -Z°C YHUM SO 01 paiejad 4y €9p=u uone||uqy |ely 4o Apnis aAildadsoud ““|e 19 lweon
uonejndod Apnis
104335310y ‘|INg ‘joyod|e Al4ap|a ul (p|os-5°7) %L°TS (N paseq -uone|ndod
dn-moj|o4 JA-9 8T IING ‘Bupjows ‘Jv ‘INQ  9%043s 104 sl Juapuadapul %E LY 4 |eutpnyguol 9002
‘108[04d da9)S eLI0IIA L/ 98y ‘uoisusniadAy xas a8y (0€<IHV) VSO 343A3S 6Tv=u 0435 ‘anpadsold e 3@ zouny
92UaJ9WNAID aseasip
393U ‘|IAIg ‘uoidwinsuod 1Jeay dJWayds| 03} paie|al Apnis 1oyod
1oyo) Ajjiydsse) ayy dn-moj|oy} VN IING Joyooje ‘Supjows  s@3 pue (sl p|oj -g) 9)0J1s aseasip paseq -uonejndod 9002
JA-0T ‘Apnis aJleuuonssnp 69-G5 28y ‘sse|d |e1oos ‘98y 0} paie|a4 saouequnisip das|s 986T N MEeaYy pue 3)041S aA103dsold  “|e 3@ poom|3
vE-1€ Ajpuspuadapul
sdnos8 ul |Ng  elwapidiiadAy ‘NG AV yieap Jo 3)043S 8¢/ !N Apnis
dn 19-6S ‘asn |oyod|e ‘Surjows Jo (X 0'g) 22uapIoul paseatoul 67 4 yieap  1OYOD |BUOIIBAIDSCO 5002
-MO||04 JA-1'€ uelpaw ‘JA 0G< 98y sdnoug uj a8y ‘1IINg ‘@deJ ‘xas ‘93y YUM paieldosse yYSO 220T=uU pue 2)041S 9A1103dsoud “|e 19 188e)\
gas 11paJd jou saop
A)JDA3S 3)043S *930J1S JO Asned €0T ‘N
se Ayjedoi3ueosdew 19su0 93041S 9z INg (swordwAs+|HY) 9as 6 :4 sjuaned ayo41s ainoe 5002
awi -ysiu ‘|INQg 03 palejal 9as 96 a8y sjuswisnfpe oN  pey sjuaned 230.41S JO %9t 75T=u 9041 Jo Apnis anpadsodd  “|e 38 1esseg
JA p uraons'T
1O )SIJ P|0J-€ Saseaoul
4/0Z< IHY "diysuone|a. 608 :IN paseq
Apnis 0€ IING NG pue uoisuayadAy juedIudIs aney 9)041s 999 4 -uone|ndod |euoi}das
1J0yo) daa|s uIsuodsip Ajed Lt 98y ‘IING ‘Xas 98y pue (3s14 p|oj-p In0ge) gas S/yT=u 930415 -$50.42 3A1303dsoud S00T “|e 19 1z4Y
20D Mo| pue
uolie||liqly |elsie o3 paiejds vso
‘NG ¢STN syuaned 4H
‘suolleiniesap ‘ss3 01 paie|al ¥so 8T IING (%8T VSJ pue %eY 184 40 Apnis aaipdadsoud £002
‘%0v>43A1's1usned 4H o|qeis G9 98y syuswisn(pe oN VSO) %TL @dusjeaaud gas €0z=uU 4H |BUOI}D9S-5504) “|e 13 zjnyas
'SINTd @Aey siuaned 4H 4O %0¢C ‘doa|s Jo Aljenb
"W¥SD 03 Pa3e|atiod t0) pue suoljesniesap juediyiusdis
MO| pue 43\ MO| ‘selwylAyie ‘(%CT VSO pue %.€
|eudnioou ‘4y "yS) 03 30U Ing YSO vSD) swoidwAs ou Inq y/py sjuaned 4H 900¢
0} pa3e|ati02 AYIsago pue Sulious VN syuawisnlpe oN |HY @8esane pey syuaiied 4H 00T :N 4H  jo Apnis anipadsoldd  “|e 39 1ayener
(@8ueu Jo ueaw
‘,w/3) InNg
(@8ueu Jo ueaw
sjuUaWIWo) ‘saeal) ady sjuawisnipy sSuipui4 spalgns aseasiq uSisap Apnis Joyiny




37

Review of the Literature

‘Buiyieauq paJaplosip-daals=gas ‘desls ul syuswanow 39|

3pIXOIp UOQJed SNOdURINISURII=(0DI ]

Ipolad=S|\1d ‘eaude das|s 9AI13ONIISO=YSO ‘d|qe|leAe Jou=yN ‘@snedouaw=d|A ‘d|eW=|A ‘UOIIBI4 UOIII3[3 Je|ndIIuaA

43|=43A1 ‘Adesayl suowlsoy=1H ‘ain|ie} Jeay=4H ‘Sjewaj=4 ‘9|eas ssauldas|s yuomdia=sS3 ‘ssauldos|s awnAep aAISSIXa=5Q3 ‘Shil||dW S913qQIP=|NQ ‘esude dod|s |esjuad=ySs)
‘aunssaud Aemuie aAlsod snonuiuod=dyd) ‘aseasip Asane Aleuosod=Qyd ‘xapul ssew Apoq=|ANg ‘xapul eaude=|y ‘xapul esudodAy-esude=|Hy ‘uoinie||lql |elie=4y :Suolleinluqqy

sJA 69> sjuaned ul

sjuaned gas

suolneniesap sisouselp ySO 40 SJA G uiyum 6VET N pajdadsns jo Apnis
€€ INg ‘IINg ‘aseasip 4V 11paJd suoljeiniesap €61T 140y0d |euipnu3uO| £00T
dn-moj|o4 JA-g 6t 98y 1eay Aseuosod ‘xas ‘98y  pue uapuad sjew ysO ‘IING SE=u 4V 9AI1109ds0419Y ““|e 19 lwen
%06 1hoqe 4
0€-6C gEE€=u gqgs ou sjuaned ggs jo Apmis
sdnoJ8 ul |INg gze=u paseq -Ayunwwod
T.-69 gQs-auou ueyy 4y alow aas yum p3jjosuod 900¢
Apnis yieaH 1eaH daals sdnou3 ul a8y avd ‘IINg ‘xas ‘@8y saw ¢ pey syuaned gas 99G=u 4V -9SEJ |BUOI}D95-SS0J4)  “|e1d BIYI
(28ueu Jo ueaw
Lw/3%) INg
(98ueu Jo ueaw
sjuUaWIWOo) ‘sieah) ady sjuawisnipy s8uipui4 sypalgns aseasiq uSisap Apnis Joyiny




Review of the Literature

38

Japuad
N pue Alisaqo Jo asnedsq

6T INgG sjuaned plosAylodAy  sjos3uod 88T sjuaned plosAylodAy 661
pasn gs0s € 98y IING ‘X3S ‘@8y ul paseaJoul gas pue gg=u wsiploJAyrodAH jo Apnis |oJjuod-ase)  ““|e 13 uen|ad
‘SYuoW {7 J934e Xapul N
JUDWISAOW ‘Xdpul |esnoJe ‘ZQes 8T :4 "1odAH
‘|V Pa199.1402 suowJoy ploJAy L wsiplolAyrodAy SG N
‘paJous syualied piosAylodAy pey siuaned ySO 40 %T'€E 0T :4 VSO sjuaned prosAylodAy
|V 3uswade|das suowloy VSO pey (10dAy) 0z pue ySQO jo Apnis
40 JAT 1314 panoidwi Suious VN syuawisnipe oN sjuaiied plosAylodAy o %5z + (VSO) §9=u wsiplosAylodAH |ed1uld [euol309s-5504)  ZE6T “le 18 uI
SIA ¥S-GT 4O IN Ul NG
40 Is p|oy-8°€ pey eaude
PasSSaUNM ‘Al Ul 30U Ing 4
Ul INQ 0 Yjs ploy-¢ ¢ edude 8G8€E ‘N
@ pue gas LT IING 92U3J3jWN2I PassaUUM pue dsid p|o} L0V 4 paseq -uole|ndod 800¢
dulyap 01 pasn saJleuuollssnn €698y 1siem ‘|IAg ‘Supjows ‘98y -9'T pey 3uuous |enliqeq 506/=U z3dAy N@ |eUOI1D3S-SS0JD)  “|e 3@ wey|ep
Sunjows ‘quessaidapnue 4 Ul ION ‘N Ul 0SZZ:N
8T INg Jo uoiredpaw sjuaned ggs d1rewoidwAs uj 05T 4 paseq -uoie|ndod 800Z “|e
09 28y 9AI3EP3S ‘|INg @8y  judjenasd auow sawiy € INQ 00St=u ¢ 2dAy wa |BUOI3D3S-SS0JD 1@ OyY3jlwon]
NG 40y} 403084 S1I B AjUO SQ3
sa3 Y2 NG Ananoe [edisAyd ‘Bunjows ‘na paseq -uonendod £00T
pue 8ulious jo eyep payiodal-}|as Sy 98y ‘asn |joyodje ‘|INg 40} J01dey dsId Sulious+SQa3 6.9 4 7 3dAy NQ |euo1303s-ssou)  “|e 1@ 84aqpurny
"(sH ploj-p-¢) sauaned paseq
Apnis 10yo) das|s UISUoISIM 3y L 6C ING 2duUaJzjwindld  (ST< [HV) gas ul qusjeasud VN :IN/4 -uone|ndod |euoi}das <S00Z “|e
‘pasn Hsd JA  dn mojjo4 JA 617 98y 1s1em ‘xas ‘a8y aJow Apuapuadapul NG /8ET=U ¢ 2dAy Na -$S0J42 [euipnySuo] 18 YInwiydiay
'92UB)S|SaJ ulnsul
yum pajeldosse Ajuapuadapul 2JUB)SISA UlNsul Qauels|sal
9JaMm sjesnoJe pue da3|s uollesnp das|s pue aduels|olul 9s02n|3 (Ysu %L'St N ujnsul s39[qns Suljjamp
Sunnp ejwaxodAy ‘gas jo Alianss  (TE-£2) LZ NG ‘Supjows ‘9oUaJajwindid plos-G T-€'T) YHUM pajeldosse %E'¥G 4 pue 2duesa|ojul -Allunwwod jo 002
Apnis yyeaH 1eaH das|sayL  (5£-09) 89 28y 1slem ‘|INg ‘xas ‘@8y Apuapuadapur gas 999z=u asoon|n  Apnis |euoipdas-ssos)  “|e3a Iqefund
8C-1¢ NQ jo
*Apnis yyeaH ,sasinN oyl ‘Buious sdnoud ¢ ul |IAg asn  (p|0-9°T-7'T) YISl paseasoul s9sinu
|lenliqey jo ASAIns asleuuonlssnn auleseq |oyodje ‘| H ‘uoisuaiiadAy yum pajerdosse 3ulious 40 Apnis Jeuipnyi8uo| 200z “|e
aA 0T dn mojjo4 1e G9-0p 98y ‘Supjows ‘YHM ‘IING 98V Je|ngau 4o |euoisedn 75869 4 ¢ 3dA1 @ 9AI13dsold 19 Aweag-|y
‘8unious 3S1J S9seasdul 7 9dAy
|enliqey jo ASAIns aileuuolssnp VN IING A11S9gQ "S4210US-UOU “SA (na) snujpw paseq -uonendod 0002
‘¥66T-¥86T dn Mmo||04 69-0€ a8y 98y INQ 404 3SlI P|OJ-T SI3I0US 05T ‘N so1aqelq aAIpRdsold  “|e 19 Ausew|3
(@8ueu o ueaw
W/3) Ing
(@8ueu o ueaw
sjuUaWIWo) ‘sieal) ady sjuawsnipy sSuipui4 spalgns aseasig uSisap Apmis Joyiny

*SONIPIQIOW-09 JISO[OULIDOPUS Uk SuIyjesalq paIdpIOsIP-doa]s JO SAIPNIS JUOAT PIOS[AS b IAqRL



39

Review of the Literature

oneds diy 3siem=yHM ‘Suiyieaiq pasap.osip
-das|s=gQs ‘paq aAIISUIS-934eYd-011e1S=gSIS ‘Uoileanies ulqojSowayAxo |elsale =¢Qes ‘xapul aouequnisip Alojesidsal=|qy ‘wesSouwosAjod=0sd ‘esude da3|s 9AI1ONIISAO=YSO ‘S|qe|leAe
10uU=yN ‘9lew=|N ‘Adesayl auowuoy=]H ‘Slewaj=4 ‘ssauldas|s awilAep dAISSIXD=5Q3F ‘SnU||PW Ssa1aqelp=|Ng ‘Xapul ssew Apoq=|Ag ‘Xapul esaudodAyesude=|Hy :suoneiraiqqy

panosdwi TN uolzeindod
SZ NG 4Qs 1usawieauy Juswade|dal 6C 4 proJAylodAy
pasn HSd € 98y sjuawisnlpe oN Ja1ye ‘gas pey %0€ 05=u wsipioiAyodAH [eatuld aA1dadsold  900T “Ie 39 eyr
pasn Dsd j3InsaJ yuediyiusis
‘sdnougd ON "%6°G 4 |e42ua8 "sA 4
proJAyina pue pirosAyiodAy Tv-9€ INg VSO Ul %€°6 wsiploJAyiodAy uoneindod gas €00 ‘utesnH
U2aM1aq Jejiwis |gy pue |INg @8y $9-79 98y sjuawisnipe oN 4O 9oUdeAdld 8TT :4 wsiploJAylodAH |edlul|d |euol3d3S-SS0ID) pue J3|)IN
%Y suaned
paJinbai VSO Ul pue %S°T ||e ul VN :IN/A uone|ndod gas 666T
wsiplosAyrodAy Joy Buiuasios VN syuswisnlpe oN  @doudjenaud wsipliosAyiodAH 00z=u wsiploJAylodAH |ed1ul|d [BUOIID9S-SS04D) ““|e 12 3polys
%8L ‘N
84 zo1 VSO0 jo syuaned JA 05 %CT 4 sjuaned
1ySiam ueay > pue 4 ul wsiploJAyrodAy sj0J1u0d €T/T VSO jo Apnis joJ3u0d 866T
7S 98y x9S ‘a8y paseasoul jo Aduapual pue gge=u wsiploJAylodAH  -95B2 |PUOI}IDS-5SOUD “|e 39 unde)

(28ueu uo ueaw
LW/3) Ing
(98uku uo ueaw
sjusawwo) ‘sieah) aly sjuawisnipy s8uipui4 sypalgns aseasiq uSisap Apnis Joyiny




Review of the Literature

40

Xapul duequnisip Aioleaidsal=|qy ‘@41 Jo Aljenb=10 ‘wesouwosAjod=0sd ‘esude daa|s aAI1ONIISO=YSO ‘B|qe|IeAR J0U=YN ‘B|ew=|A ‘Djewaj=4 ‘A12120S Alojelidsay ueadoin3a=sy3
‘91eas ssauldaals yuomdi=ss3 ‘ssauldas)s awnAep aAISS2Ixa=5Q3 ‘aseasip Adeuow|nd 9A13ONIISAO DIUOIYI=QdOD ‘Xapul ssew Apoq=|ANg ‘xapul eaudodAyesude=|Hy :suonelraiqqy

Answounds
‘siopJosip daa|s pue Aiojedidsal swoldwAs gas 768 N
40 malnuul ueisAyd LT ING Sunous Juanbauy auow pjoy-z-€°T pey siuaned 609 :4 adod paseq-uoizejndod £00Z “|e
‘SPJ023J |BDIPAW ‘D4IBUUOIISIND 19 98y ‘ss3 ‘seaude ‘|INg ad0D Ing ewyise 10N T0ST=U pue ewyisy |EUOI}03S-SS04D) eyoesey
Asswouids pue sisougelp
BWUYISE JOJ SPJ0J3J |edlpaw Ananas A149A3S BLWIYISE J0U 9€ !N SOI3eWYISe JO
yum Apnis auateuuolisanp T€1ING ewyise 4apuasd 1nq Japuasd |A ‘swoldwAs 64 uonie|ndod |euoiyoas 900z “Ie
4 PUB || UD3MID(Q SIUIBYIP ON [ 98y ‘a402s 3jeas eaude das)s VSO Y3m paierdosse sa3 GTT=U ewyisy -$S0JD [BDIUI]D) 3@ NISDI0PO3]
£LT-9¢ 70 Jredwi J9y3a803 € ||e pue
sdnou3 u [INg (ploj z'z) eaude pue (pjoy 67SE :IN
op-€v uol1edNpa ‘@wodul  §'T) Sulous UM paje|a.lod 02Z6€ 4 paseq-uoje|ndod 5002
Apnis aJdieuuoiissnp sdnoJs8 uiady  ‘Supjows ‘||Ag ‘©8e ‘X3S swoldwAs ewyisy 6917/=U ewiyIsy |BUOI}D9S-5504) ““le 32 1PD3
‘uoneyw
MO[}JIE pUB |[HY U2amiaq
6C N diysuone|as oN ‘sdnous yso 9G€ ‘N
ad0) 404 pasn sauljaping 62 :41NG -Uou 40 SO Ul ddudjenasd 0ze 4 paseq-uolze|ndod $S00¢C “le
S¥3 ‘Aizwouds ‘9sd |14 1G98y syuawisn(pe oN Ad 0D Ul S0UBIBHIP ON 9/9=U adod |eUOI3035-5504)) 19 )j2Jeupag
6¢-LC
sdnoJ8 ui |INg sjuaned 9T8CZ :IN
papnpul 99-29 supjows ‘ased ad0d 0u 4o dd0D pliw 8ETE €00¢C
swoldwAs ou ‘GT 40 0T<IAY=VSO sdnos8 ur 98y ‘ySiam sy ‘xas @8y ul Jejiwis aduajeaald ySO $565=U adod 10oYyod aA1pdadsold  “|e 3@ suapues
sjuaned 6VET N
VN INg ewyjse pue gdoJ U! p|o} € 66¢C 4 adod paseg-uofie|ndod 00T
Apnis aJleuuonsanp 69-0C 98y ‘Bupjows ‘xas 98y -z seaude pue p|oj-z Sulious 8y9t=u pue ewyisy |EUOI1D3S-SS0JD)  ““|e 33 uossieq
(28ueu uo uesw
w/3%) INg
(28uks a0 ueaw
sjuUaWIWOo) ‘sieah) aly sjuawisnipy s8uipui4 sypalgns aseasiq uSisap Apnis Joyiny

"sanIpIqIow-09 Areuownd 9AT}ONIISQO OTUOIYD pue SuI)eaIq paIopIosIp-dos]s JO SAIPNIS JUIIAI PAJIS[AS 'S dqRL



41

xapul aouequnisip Alojesidsal=|qy ‘esude das|s 9A13ONIISO=YSO ‘9|qe|IeAR JOU=YN ‘D|eW=|A ‘D|ewaj=4 ‘@inssaid Aemuie aAnIsod SNONUIUOI=dVdD ‘Xapul ssew Apoqg=||Ag :SuUoieIAaIqqY

Review of the Literature

a1n0ydAsd-uou Jo %zZ'T VSO-uou
0} paJedwod ySO pey d130ydAsd 03 paJedwod (3su P|oy-t'T)
J0 %9°'T ‘passasdap-uou sISoydAsd 94 T°G ‘(3SI4 p|o} SUBJDISA
40 %6°C 01 pasedwiod ¥SO pey VN INgG -L'¢) uoissaidap pey %8°1¢ %06 <IN SI9pJosip 40 Apnis |euo1das <002 “|e 3@
passaudap J0 %'/ ‘VSO PeY %6°C 86 98y Adiuyia ‘xas ‘@8y dnou8 ySo Ul 05 090 y=u Ju3eIYoASd  -SS0JD 9AI3DRdS0UIRY  yaueyyjeseys
$|043u02 Ay3jeay o}
paJedwo0d yYSO 349A3S 240w GEN sjuaned ouieryoAsd
62 IING pey sjuaned ejuaiydoziyas JARE] siapJosip  jo uonejndod |eauld 666T “|e 19
09 98y INg @8y 9/-99 pade ‘¥SO pey %8y 6=u duzelydAsd |BUOI1095-5504) |3ess|-ljoduy
W
ueyy Alaixue pue uoissaidap
104 531005 Jays31y pey 4 Inq 16T :IN
pasn 6¢C IINgG Alaixue Jo uoissaidap pue v6¢C 4 swoldwAs uone|ndod d1uid 866T
aJleuuonsanb oulelyaAsd 06-10S 8t 98y Q¥ @8y VSO u®3am1aq uolleId0SSe ON TL2T=\U oujelydAsqd  -das|s [euol11d9s-Ss04)  ‘DlAeT 18 Jej|id
STN sjuaned
‘8T INg v VSO pue Asdajida
96 age (VSO LSS 40 40 uone|ndod
sjuaned Jo %0€ :dnou3 Asda|ida 1no) Asdajida |eaiul]d [euipnyiduol 900Z “|e
ul sainzias pasnpau Adesayl dvdd Asdajida uj syuawisn(pe oN pey sjuaized ySO 40 %S 67=U Asdajid3 9A1103ds0419Y 19 Ja8ulj|oH
auo|e Asdajida yum 4j0 LET N uoneindod
syuaned ueyy 4a1das)s ‘N ‘| INE VN IINgG %Y'S PUB IN 0 %t°ST VSO 9yT o Asdajida [eatuljo €002
‘19p|o sjuaned yso+Asdajidy y€ a8y a3e IINg ‘X3S %Z'0T pey suaned Asdajidy €gz=u Asda|id3 |BUOI1235-5504) ““|e 19 luue
VN INg
LT-¥T uaJpyd uaJp|iyd uonzejndod
%St Aq ul pue 95-0¢ VSO pey uaJpjiys S pue [ea1ul}o Jo Apmis €00¢
saunzias pajnpaJ Adesayl dvdd synpe ul a8y syuawisn(pe oN 4O %09 pUe S}NPEe Jo %9y  S}Npe €T=u Asdajid3 10[1d 3Aidadsold  “|e 1@ mojeAl
Asda|ida sisou8elp Asdajida pauleial SEIN
Yam syuaized ul gas 404 sysi o€ INg %8V pue gas pey %8 ‘ads ST uone|ndod eatuid 6661
o3e Auap|e pue Sulious ‘0g<|INg 9t 38y syuawisnipe oN pey sjuaned Asdajida Jo %6/ 0S=u Asdaid3 |BUOI123S5-5504) “|e 10 uesag
(@8ueu Jo ueaw
W/3) Ing pajesnsanul
(98ueu Jo ueaw uonipuod
sjusawwo) ‘sieal) ady sjuawisnipy s8uipui4 sypalgns 10 aseasiq uSisap Apnis Joyiny

‘sonIpIqIow-09 oLerydAsd pue Asdoqide pue Juryiearq pa1oprosip-dad[s JO SOIPNIS JUIIAI PAJIJS "9 J[qR ],



42 Review of the Literature

Intermediary Co-morbid
mechanisms cardiovascular diseases
Sympathetic activation
Sleen-disordered -yasoconstriction Hypertepsion ‘
_p—breathin -increased . Congestlve heart fallure
SEEatLAE catecholamines Cardiac arrhythmia
Fiypoxemia -Fachy.cardia . -bradycardia
Reoxygenation -1mpg1r§:d cardiovascular -AY-block .
variabilty -atrial fibrillation

L7 - Endothelial dysfunction - Cardiac ischemia
Intra-thoracic

Dressure changes Vascular oxidative stress -coronary artery disease

Inflammation -myocardial infarction
Arousals .
e Increased coagulation -nocturnal ST-segment
Sleep deprivation . . .
Metabolic dysregulation depression
-leptin resistance -nocturnal angina
-insulin resistance Cerebrovascular disease
-elevated ghrelin levels Diabetes type 2

Figure 5. The mechanisms between sleep-disordered breathing and co-morbid cardiovascular
diseases (Modified from Shamsuzzaman et al. JAMA 2003).

3.1.1.1. Cardiovascular and metabolic effects of SDB

Repetitive episodes of apneas, hypercapnia and intrathoracic pressure changes during
the night cause increased sympathetic activity and vasoconstriction, and a consequent
rise in systemic and pulmonary artery pressure, increased left ventricular afterload, and
changes in cardiac output (Sajkov et al., 1994; Narkiewicz and Somers, 2003). There is
also evidence of augmented sympathetic activity during wakefulness, which may
contribute to the cardiovascular pathophysiology (Narkiewicz and Somers, 2003).
Furthermore, negative intrathoracic pressure alters cardiac filling and cardiac function
such in a way that there is a reduction in stroke volume and cardiac output and
decreased baroreflex sensitivity in patients with SDB (Shamsuzzaman et al., 2003;
Ryan et al., 2007). Frequent arousals cause sleep fragmentation and sleep deprivation
which have been associated with metabolic and inflammatory dysregulation (Spiegel et
al., 2005; Irwin et al., 2006).

3.1.1.2. Mechanisms of diabetes mellitus type 2 and cardiovascular diseases in SDB

Sympathetic activation. Patients with SDB have high levels of sympathetic nerve
traffic and these are present even during daytime in wakefulness (Narkiewicz and
Somers, 2003). One mechanism that may enhance the sympathetic activation in SDB
during daytime is decreased baroreflex sensitivity (Ryan et al., 2007). Increased
sympathetic activation causes more rapid pulse rate, decreased heart variability and
increased blood pressure, all of which have been linked to risks of cardiovascular
diseases (Narkiewicz and Somers, 2003).
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Endothelial dysfunction. The vascular endothelium maintains the balance between
vasoconstriction and vasodilatation. A shift in this balance towards vasoconstriction
leads to damage to the arterial wall, and endothelial dysfunction occurs
(Shamsuzzaman et al., 2003). Obstructive episodes of apneas and hypopneas may act
as stimuli for the release of vasoconstrictive substances like endothelin. Nitric oxide is
a vasodilator which is decreased in patients with SDB (Budhiraja et al., 2007b).
Endothelial dysfunction was found to occur in response to cardiovascular risk factors
and to proceed in the development of atherosclerosis (Ross, 1999). A gender difference
was found in the endothelial dysfunction. Flow-mediated vasodilatation was more
impaired in females with SDB than males, implying that females with SDB may be
more vulnerable to cardiovascular diseases than men (Faulx et al., 2004). Treatment
with nasal CPAP may improve the endothelial function (Ohike et al., 2005).

Vascular oxidative stress. Repetitive periods of upper airway collapse result in cyclic
periods of hypoxia/reoxygenation which, in turn, cause increased activation of
polymorphonuclear neutrophils. They adhere to the endothelium and release free
oxygen radicals (Lavie, 2003; Lavie et al., 2004). This has been found in both human
and animal models (Lavie, 2003; Dematteis et al., 2008). Further, free oxygen radicals
are supposed to make an important contribution to the development of cardiovascular
disease, linking cardiovascular co-morbidity with SDB (Yamauchi and Kimura, 2008).
Short-term effective use of nasal CPAP therapy seems to fully reverse the increased
oxygen radical release in patients with SDB (Schulz et al., 2000).

Inflammation. Systemic inflammation plays a pivotal role in all stages of
atherogenesis, from foam cell to plaque formation to rupture and, ultimately, to
thrombosis (Libby et al., 2002). The most important markers of systemic inflammation
include C-reactive protein (CRP), tumour necrosis factor (TNF)-a and interleukin (IL)-
6. All these inflammatory markers are elevated in patients with SDB (Yokoe et al.,
2003; Minoguchi et al., 2004). Hypoxia and sleep deprivation may evoke the
production of inflammatory cytokines and CRP. Nasal CPAP therapy decreases the
levels of IL-6 and CRP (Yokoe et al., 2003).

Increased coagulation. Increased circulating levels of coagulation factors have been
reported in patients with untreated SDB (Robinson et al., 2004). This may also increase
the risk of clot formation, atherosclerosis and cardiovascular diseases. There is some
but not consistent evidence that nasal CPAP therapy can reduce coagulability in
patients with SDB (Robinson et al., 2004; von Kinel et al., 2006). This suggests that
SDB may be causally associated with increased coagulability.

Metabolic dysregulation. SDB-related factors that may be associated with metabolic
dysfunctions include increased sympathetic activity, sleep fragmentation and
intermittent hypoxia. Metabolic dysregulation can predispose to both weight gain and
cardiovascular risk.

Impaired glucose tolerance is associated with SDB. Patients with SDB, independent of
obesity, have high levels of fasting blood glucose, insulin, and glycosylated
haemoglobin and increased insulin resistance (Vgontzas et al., 2005). On the other
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hand, sleep deprivation, sympathetic activation and leptin resistance are associated
with impaired glucose intolerance (Spiegel et al., 2005; Vgontzas et al., 2005). Nasal
CPAP therapy has not shown any consistent improvement in glucose tolerance
(Punjabi et al., 2003; West et al., 2007), until recent data showing that regular use of
nasal CPAP with effective pressure improved insulin sensitivity during a 2.9-year
follow-up (Schahin et al., 2008).

Leptin is an adipocyte-derived hormone that regulates body weight through
suppressing appetite and promoting satiety (Saaresranta and Polo, 2003). Although the
independent relationship of leptin and SDB requires more investigation, there is some
evidence of an association. Several studies report high levels of leptin in patients with
SDB. Obesity or nocturnal hypoxemia have been the main determinants for
hyperleptinaemia, and BMI the main confounding factor (Patel et al., 2004; Barcel6 et
al., 2005; Tatsumi et al., 2005). Changes in leptin levels have been linked with cardiac
sympathetic function, and CPAP therapy markedly decreases leptin levels (Shimizu et
al., 2002).

Ghrelin is a hormone that influences appetite and energy homeostasis but also has
effects on cardiovascular and gastric functions (Hosoda et al., 2006). Human obesity is
associated with decreased ghrelin levels that increase after weight reduction acting as
an antagonist of leptin. In patients with SDB, ghrelin levels have been elevated and
then have decreased after two days of nasal CPAP therapy (Harsch et al., 2003). Sleep
restriction is associated with decreased leptin, increased appetite and ghrelin levels
(Spiegel et al., 2004). In humans, ghrelin decreases systemic vascular resistance and
increases cardiac index and stroke volume index concomitantly, causing a reduction in
arterial pressure but no change in heart rate or mean pulmonary arterial pressure (Lely
et al., 2004).

3.1.2. Hypertension

There is strong evidence that SDB is an independent risk factor for hypertension; this is
acknowledged in recommendations where SDB is to be ruled out as a cause of
hypertension (Chobanian et al., 2003). The Wisconsin Sleep Cohort study was the first
large prospective population study to show the causal association of SDB in the
development of hypertension (Peppard et al., 2000). They found that patients with mild
to moderate SDB had a two- to three-fold risk of developing new hypertension in a
four-year follow-up after adjusting for age, sex, body habitus, smoking and alcohol
consumption. Regular or occasional snoring with or without excessive daytime
sleepiness increases the risk of hypertension by 1.3-1.8 times in women, independently
of major confounding factors (Hu et al., 1999; Lindberg et al., 2007). In men with
UARS without classic apneas and drops in oxygen saturation, repetitive increases in
both systolic and diastolic blood pressures during sleep occur as a result of increased
airway resistance (Guilleminault et al., 1996). This emphasizes that UARS, often
accompanied with snoring, may play a role in the development of hypertension. A
dose-response association between the severity of SDB (measured as increasing AHI
or RDI) and the presence of hypertension has been found in many studies (Young et
al., 1997; Lavie et al., 2000; Grote et al., 2000; Nieto et al., 2000; Peppard et al., 2000).
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Age and BMI are the major confounding risk factors for both SDB and hypertension.
In patients with SDB, increasing BMI and old age (over 65 years) decreased the
association between SDB and the prevalence of hypertension (Young et al., 1997;
Bixler et al., 2000; Hedner et al., 2006). To emphasize the clinical importance of SDB
regarding prevalence of hypertension, even mild SDB has been found to add a slight
risk of hypertension (Young et al., 1997).

There are few studies investigating gender differences regarding SDB and hypertension
and even fever studies addressing this issue in pre- and postmenopausal women.
Hedner and co-workers found that male patients with SDB had an independent
association with hypertension, while in women there was a similar tendency but it was
not as strong and significant as in men (Hedner et al., 2006). They speculated that
because their women were almost all postmenopausal in age, this could have accounted
for the propotionally higher number of women with SDB, therefore resulting in a
dilution of the association between SDB and hypertension in women. Postmenopausal,
snoring women who used HT had a reduced risk of hypertension but the risk of
hypertension in postmenopausal women without HT was similar to that of men (Bixler
et al., 2000). This implies that hormonal factors may contribute to gender differences
regarding the associations of SDB and hypertension.

3.1.3. Ischemic heart disease

SDB induces stress situations that can predispose to ischemic heart disease. Nightly
episodes of hypoxemia, hypercapnia, increased sympathetic activation and blood
pressure may evoke myocardial ischemia and coronary artery disease (CAD). In the
early studies with a male population, snoring increased the risk of ischemic heart
disease by 1.7-fold and an apnea index over 5.3 increased the risk of myocardial
infarction 23-fold after adjustment for hypertension, BMI and smoking habits
(Koskenvuo et al., 1987; Hung et al., 1990). With similar age and BMI in men and
women, patients with SDB (defined as AHI > 14 in men and AHI > 5 in women) had
similar 4.5- and 4.1-fold risks for CAD, respectively (Mooe et al., 1996a and 1996b).
An increased prevalence of SDB was found in middle-aged and elderly patients with
CAD compared to sex-, age- and BMI-matched subjects without CAD, although
traditional risk factors were adjusted for (Peker et al., 1999). In longitudinal studies,
untreated SDB worsened the prognosis of patients with CAD, whereas patients with
CAD and SDB receiving treatment had a better clinical course compared with those
who refused the treatment (Mooe et al., 2001; Milleron et al., 2004; Peker et al., 2006).

Recently, it has been found that even in patients without clinical CAD, the presence
and severity of SDB are independently associated with the presence of coronary artery
calcification (Sorajja et al., 2008). In the Sleep Heart Health study, the prevalence of
CAD increased with even a mildly elevated AHI but there was a plateauing of the
effect size at a moderately increased AHI (Shahar et al., 2001). Firstly, this implies that
even mild SDB has considerable public health implications. Secondly, the plateauing
may indicate that the effect of SDB on CAD risk is fully realized at some level or that
the AHI is not a proper tool to capture the relevant pathogenetic factors. Patients with
untreated severe SDB (AHI > 30) have a significantly higher incidence of fatal and
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non-fatal cardiovascular events than healthy controls matched for age and BMI, and
treatment with nasal CPAP reduces the risk (Marin et al., 2005). Male populations
dominate in the studies and no gender differences have been found in associations of
SDB with CAD. Taken together, even mild SDB should be taken into account when
considering risk factors for CAD as SDB can be easily diagnosed and in many cases is
effectively treatable.

3.1.4. Heart failure

The relationship between SDB and heart failure (HF) is complex since they may
exacerbate each other. Hypoxemia, catecholamine surges and increased blood pressure
due to SDB may predispose to congestive HF. On the other hand, HF could contribute
to the pathogenesis of SDB in the form of obstructive or central apneas (Caples et al.,
2005). Both SDB and HF are common diseases and thus it is clinically relevant to
assess the association between SDB and HF, and to be able to maximise the treatment
effect. In studies of patients with stable HF, the prevalence estimates of SDB varied
from 11 to 53%, and the isolated prevalence estimates of CSA varied from 15 to 40%
(Javaheri et al., 1998; Sin et al., 1999; Ferrier et al., 2005; Javaheri et al., 2006; Schultz
et al., 2007). Patients were all middle-aged or older, male gender dominated and
obesity was also common (mean BMI 28-31 kg/m®). In one study with HF patients,
women had 26% lower occurrence of SDB than men, while the relative occurrence of
both CSA and obstructive sleep apnea were greater in men than in women (Sin et al.,
1999). CSA risk factors, atrial fibrillation (AF), increasing age and hypocapnia during
sleep did not differ between genders but in women increasing age and hypocapnia were
more strongly related to CSA than in men (Sin et al., 1999). Similar risk factors for
CSA were also found in other studies, but gender differences were not investigated
(Ferrier et al., 2005; Javaheri et al., 2006; Schultz et al., 2007).

Cross-sectional data from the Sleep Heart health study showed a strong association
(2.4-fold risk) of SDB with HF, the finding persisting even with low AHI measures
(Shahar et al., 2001). This implies again that the AHI may not be the proper parameter
to measure the severity or consequences of SDB. Nasal CPAP therapy for a three-
month period has improved left ventricular ejection fraction in patients with SDB and
HF, but the long-term effects of nasal CPAP are still not known (Mansfield et al.,
2004; Egea et al., 2007).

3.1.5. Atrial fibrillation

SDB and nocturnal disturbances of cardiac rhythm including AF, heart block, ventricular
ectopy, sinus bradycardia, and atrioventricular block have been linked together
(Shamsuzzaman et al., 2003; Mehra et al., 2006). Hypoxemia, pressure changes and
apnea episodes may predispose to the development of AF. SDB is also a risk factor for
hypertension, CAD and HF all of which are known to precipitate AF (Peppard et al.,
2000). Patients with AF have an over two-fold risk for SDB although this is not
confirmed by all studies (Gami et al., 2004; Porthan et al., 2004). A pathogenetic role for
SDB is suggested by the four-fold increase in the prevalence of AF in subjects with AHI
over 30, after age, sex, BMI and CAD were adjusted for (Mehra et al., 2006). Obesity is
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a common risk factor for both SDB and AF. Gami and co-workers studied whether SDB
increases the risk of incident AF independently of obesity (Gami et al., 2007). They
found that SDB, increasing BMI and nocturnal desaturations are all independent
predictors of AF. Furthermore, they found an age-dependent effect where age under 65
years and SDB along with nocturnal desaturations strongly predicted the incidence of AF
within five years of its diagnosis (Gami et al., 2007). In these presented studies, no
gender effect was found or even measured. Finally, the clinical relevance of the role of
SDB in AF is highlighted by the high rate of recurrence of AF in inadequately CPAP-
treated patients with SDB (Kanagala et al., 2003).

3.1.6. Stroke

A pathogenetic involvement of SDB in cerebrovascular disease is suggested by
nocturnal oxygen desaturations and endothelial changes, including occurrence of
atherosclerotic plaques in the arteries of patients with SDB (Shamsuzzaman et al.,
2003). Prospective data show that SDB is associated with a 2-4-fold risk of developing
a stroke after a follow-up varying from 4 to 10 years, and this was also seen in elderly
(70-100 years of age) patients (Artz et al., 2005; Yaggi et al., 2005; Elwood et al.,
2006; Munoz et al., 2006). Especially moderate to severe SDB (AHI greater than 20-
30) was associated with stroke (Artz et al., 2005; Munoz et al., 2006). Also increasing
incidence of stroke and/or death with increasing severity of SDB was observed after a
median follow-up of 3.4 years (Yaggi et al., 2005) and in a large cross-sectional study
(Shahar et al., 2001). These findings support the view that SDB precedes and increases
the risk of the occurrence of stroke. In one prospective study of stroke patients, SDB
(AHI over 30) was associated with diabetes, night-time stroke onset and
macroangiopathy as a cause of stroke (Bassetti et al., 2006). They also found that SDB
improved after the acute phase of stroke and was associated with increased mortality in
the post-stroke phase. Finally, only about 15% of patients adhered to the long-term
nasal CPAP therapy. However, it was not possible to prove any benefit of nasal CPAP
treatment in stroke patients with SDB (Bassetti et al., 2006). None of these studies
found any gender difference.

3.1.7. Pulmonary arterial hypertension

Pulmonary hypoxic vasoconstriction was first demonstrated about sixty years ago. It
may result from pulmonary vascular remodeling and potentially be the major
mechanism contributing to the development of pulmonary arterial hypertension (PAH)
(Golbin et al., 2008). Varying PAH defining methods, confounding factors like aging
and obesity, and difficulties in finding appropriate control subjects, make it difficult to
study the associations between PAH and SDB (Golbin et al., 2008). PAH prevalence
estimates in SDB vary from 17% to 53% and, in general, PAH seems to be mild
(Atwood et al., 2004). Chronic obstructive pulmonary disease can cause secondary
PAH and only two studies excluded COPD patients from the study population (Sajkov
et al., 1999; Bady et al., 2000). The largest epidemiologic study consists of 220 mostly
male subjects with SDB, of whom 17% had PAH (Chaouat et al., 1996). Population-
based data are still lacking and no gender differences have been investigated. In a
recent study of 23 OSA patients and 10 control subjects, severe OSA caused day-time



48 Review of the Literature

PAH without significant heart or lung diseases, and nasal CPAP therapy reduced
pulmonary arterial hypertension (Arias et al., 2006).

3.1.8. Diabetes mellitus type 2

There are multiple mechanistic pathways involved in the interaction between SDB,
obesity, and metabolic derangements. Upper airway obstruction causing hypoxia and
oxygen desaturation may increase catecholamine and cortisol levels, which induce
insulin resistance and thereby diabetes mellitus (DM) type 2 (Oltmanns et al., 2004;
Tasali and Ip, 2008). AHI and minimum oxygen saturation as markers of SDB severity
have been associated with insulin resistance (Ip et al., 2002), while in large cross-
sectional population studies, the risk of glucose intolerance, insulin resistance and DM
type 2 were found to be 2-4-fold after adjustment for age, sex and body habitus
(Punjabi et al., 2004; Reichmuth et al., 2005). However, no causal effect could be
detected between SDB and development of DM (Reichmuth et al., 2005).

In prospective studies of snoring as a risk of DM, occasional and regular snoring
increased about two-fold the risk of developing DM compared to never snorers, and
obesity with SDB increased the risk further (Elmasry et al., 2000; Al-Delaimy et al.,
2002). A population study of 593 male and female subjects assessing the relationship
of glucose intolerance to SDB (defined by EDS or snoring questions) found that
snoring but not EDS was statistically more prevalent in subjects with DM or impaired
glucose regulation, more so in diabetics (Renko et al., 2005). They found no gender
difference. In a recent Finnish cross-sectional study of associations between SDB and
obesity in a large male-female general population, DM and glucose intolerance were
investigated (Tuomilehto et al., 2008). Probability of SDB was assessed with
questionnaires about sleeping habits. They found an independent risk of DM type 2 in
middle-aged men with SDB after adjustments for age, BMI, smoking habits and central
nervous system-affecting medication. In women, there was only a trend but no
significant association between SDB and DM type 2. They argued that the large
number of women under 65 years in their female population diminished the association
because SDB is more prevalent in women older than 65 years of age (Tuomilehto et
al., 2008). Contrary to the Finnish study, another recent Nordic survey of the general
population showed that SDB (defined as snoring and witnessed apneas) is associated
with DM in women but not in men in general after adjustments for age, smoking, BMI
and waist circumference (Valham et al., 2008). One exception was that in men
younger than 55 years, witnessed apneas were related to an almost 4-fold risk of DM.
They speculated that elderly men might have had more co-morbidity and lower life
expectancy than women, and therefore men had died because of relationships between
co-morbidity, SDB and DM. They also speculated that hormonal differences between
genders could have affected the results (Valham et al., 2008). Nasal CPAP effects on
markers of DM are inconsistent (see section 3.1.1.2.).

3.2. Non-cardiovascular co-morbidities in SDB

Cardiovascular diseases are the main co-morbidities of SDB but there is a growing
body of evidence suggesting that other diseases may also associate and contribute to
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SDB. Recent and selected studies of various non-cardiovascular co-morbidities have
been gathered in Tables 4-6.

3.2.1. Chronic obstructive pulmonary diseases

SDB and chronic obstructive pulmonary diseases (COPD and asthma) are common
diseases and frequently coexist. It is suggested to be an overlap syndrome, and that
patients have both conditions by chance (Fleetham, 2003). SDB and COPD have a
common risk factor, namely smoking, and hypoxemia and poor sleep quality are
consequences of both conditions (Saaresranta et al., 2005; Weitzenblum et al., 2008).
Hypothetical mechanisms linking SDB and asthma include obesity, local and systemic
inflammation, cardiovascular sequelae of SDB and gastroesophageal reflux (Kasasbeh
et al., 2007).

There are inconsistent data on associations of SDB or symptoms related to SDB in
patients with COPD and/or asthma. In questionnaire studies, snoring was found to be
1.5-2 times and apneas 2 to 3 times more prevalent in COPD and/or asthma patients
compared to non-COPD/asthma patients when at least age, sex and smoking habits
were adjusted for (Larsson et al., 2001; Ekici et al., 2005). In other questionnaire
studies, symptoms of SDB were not related to asthma or its severity, while patients
with COPD had more symptoms of SDB (Teodorescu et al., 2006; Karachaliou et al.,
2007). No gender differences were found (Teodorescu et al., 2006). The largest study
to date to assess the SDB prevalence in COPD is the Sleep Heart Health Study
(Sanders et al., 2003). It found that the prevalence of SDB was the same in patients
with or without mild COPD. No gender difference was investigated (Sanders et al.,
2003). Nor was any epidemiologic relationship found in COPD prevalence between
patients with or without SDB, when SDB and COPD were defined on the basis of a full
polysomnography and the European Respiratory Society guidelines, respectively
(Bednarek et al., 2005). However, the risk of significant desaturations during sleep in
patients with overlap syndrome is increased compared to those without SDB and
COPD (Sanders et al., 2003; Bednarek et al., 2005). Taken together, the current
evidence suggests that when SDB and chronic obstructive pulmonary disease coexist, it
is a result of chance alone. Clinically, it is important to consider overnight oximetry in
most COPD/asthma patients, irrespective of whether they have SDB symptoms or not,
to exclude significant desaturations and SDB during sleep.

3.2.2. Hypothyroidism

Patients with SDB have symptoms like EDS, fatigue, snoring, decreased libido,
depressed mood, headache and obesity, mimicking symptoms of accompanying
hypothyroidism (Kapur et al., 1998; Skojt et al., 1999). It has been suggested that
hypothyroidism may be related to the development of SDB but the mechanism is not
clear (Saaresranta and Polo, 2002). Obesity in both disecases and myxedema in
hypothyroidism narrow the upper airway. Further, low respiratory drive and
hypoventilation in hypothyroidism may be the reasons for the increased prevalence of
SDB in patients with hypothyroidism (Saaresranta and Polo, 2002). The prevalence of
SDB in patients with hypothyroidism varied between 25-30%, and in another study
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there was a similar trend but the result was not significant (Lin et al., 1992; Kapur et
al., 1998; Jha et al., 2006). In a study of a female population, hypothyroidism tended to
be more prevalent in women with SDB (9.3%) compared to the general population
(5.9%) (Miller and Husain, 2003). In a Finnish study, SDB was increased among
hypothyroid patients because of obesity and male gender (Pelttari et al., 1994).
Thyroxin replacement therapy reverses SDB in a majority of patients with
hypothyroidism (Saaresranta and Polo, 2002; Jha et al., 2006). From the clinical point
of view, screening for hypothyroidism among patients with SDB is recommended
(Skjodt et al., 1999).

3.2.3. Epilepsy

The coexistence of epilepsy and SDB has been reported previously (Beran et al., 1999;
Manni et al., 2003). These two disorders can aggravate the clinical cause of each other.
Sleep fragmentation, hypoxemia and sleep deprivation in SDB can exacerbate seizures
in patients with epilepsy, whereas epileptic seizures can induce apneas (Herman,
2006). Also epileptic drugs can adversely affect SDB by decreasing upper airway
muscle tone and arousal threshold or by inducing weight gain (Cicolin et al., 2000).
The occurrence of SDB in patients with epilepsy is high but varies a lot from 10% to
79% depending on the study population (Beran et al., 1999; Malow et al., 2003; Manni
et al., 2003). In a clinical series of epilepsy patients, women (5.4%) had less SDB than
men (15.4%), and patients with SDB and epilepsy were older, heavier and sleepier than
patients with epilepsy alone (Manni et al., 2003). Effective treatment of SDB with
nasal CPAP reduced the seizure frequency significantly (Malow et al., 2003; Hollinger
et al., 2003). No causal link between SDB and epilepsy has yet been proven but a
possible temporal relationship has been found in the study by Hoéllinger (2003). They
analyzed the temporal relationship between the onset of SDB symptoms and an
increase in seizure frequency. In two thirds of their patients, seizure frequency
increased after the onset of symptoms of SDB.

3.2.4. Psychosis and depression

Depression is the most common psychiatric disorder that has been linked with SDB,
whereas there is sparse and inconsistent knowledge of associations between psychosis
and SDB (Saunaméki and Jehkonen, 2007). SDB may be associated with depression
through symptoms of SDB (EDS, sleep problems, concentration difficulties, social
withdrawal) or other factors related to SDB (obesity, co-morbidity) (Saunaméki and
Jehkonen, 2007).

Increased prevalence of psychosis in patients with SDB may have two possible
explanations. First, SDB patients have damage to the prefrontal cortex and may
therefore be more fragile and prone to psychotic disorders (Beebe and Gozal, 2002).
Second, treatment of psychosis often induces weight gain, thus contributing to the
occurrence of SDB. The prevalence estimates of depression and psychosis in patients
with SDB were high, 22% and 5% respectively, when age, sex, and ethnicity were
taken into account as confounding factors (Sharafkhaneh et al., 2005). An older study
of psychiatric symptoms found no association between SDB and depression or anxiety
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although women had higher scores for depression and anxiety than men (Pillar and
Lavie, 1998). In a small sample of schitzophrenic patients, in the elderly (65-76 years),
the prevalence of psychosis was higher than in age-matched healthy controls (Ancoli-
Israel et al., 1999). Recent data on psychiatric patients suggest that symptoms of
depression and psychosis often collaborate, and vulnerability to psychosis increases the
risk of depression (Salokangas et al., 2007). Although there are no consistent data on
the effect of nasal CPAP treatment on psychiatric disorders, in patients with SDB some
decline in depressive symptoms and anxiety has been shown (Saunamiki and
Jehkonen, 2007). From the clinical point of view, SDB should be evaluated before
starting a treatment in the middle-aged, obese patient with depressive symptoms and it
should be remembered that postmenopausal women may be especially vulnerable to
symptoms fitting both disorders.

3.2.5. Glaucoma

It has been speculated that repetitive prolonged apneas and nocturnal arterial blood
pressure variations in SDB can cause impaired optic nerve head blood flow and direct
damage to the optic nerve, thus causing glaucoma. Older studies showing a positive
association of SDB in patients with glaucoma have been criticized because of small
patient numbers or lack of polygraphic sleep studies (Mojon et al., 1999; Onen et al.,
2000). Recent studies have overcome these problems, and they could not find an
association between SDB and glaucoma after adjustments (Geyer et al., 2003; Girkin et
al., 2006). In a recent study in patients with SDB compared to healthy controls,
glaucoma was found in 5.9% of SDB patients and none in controls (Sergi et al., 2007).
The studies used mostly male-dominated study populations and no gender difference
was found.

3.2.6. Gastroesophageal reflux (GER)

GER and SDB share the same risk factors and increased prevalence estimates of GER
in patients with SDB have been published (Zanation and Senior, 2005; Kasasbeh et al.,
2007). GER is discussed further in the section on clinical features of SDB.

3.2.7. Restless leg syndrome (RLS)

RLS is characterised by unusual, unpleasant sensations in the lower extremities, an
urge to move the legs and movement-induced relief of the sensations (American
Academy of Sleep Medicine, 2005). The RLS diagnosis with typical symptoms is
clinical but it is often accompanied by periodic, stereotypical leg movements (PLM)
(Hornyak et al., 2006) (PLM is discussed in section 1.6.). The prevalence estimates of
RLS vary between 5-13% in the general population. Patients with RLS are more likely
to be females, middle-aged or older, suffering psychiatric conditions or sleep disorders
and with poorer quality of life than non-RLS subjects (Allen et al., 2005; Phillips et al.,
2006; Ulfberg et al., 2007). In peri- and postmenopausal women with complaints of
disturbed sleep, 53% had episodes of apnea, RLS, or both, which were the major
predictors of poor sleep efficiency rather than hot flashes (Freedman and Roehrs,
2007). Patients with RLS symptoms do discuss their symptoms with a physician but
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only a small proportion receives the right diagnosis (6.2%) and treatment (Allen et al.,
2005).

3.3. Different co-morbidities of SDB in females

The overall co-morbidity data of SDB in females is sparse because most studies have
been done with male populations or gender differences have not been evaluated.
Studies comparing the differences in co-morbidity of SDB between pre- and
postmenopausal women are almost non-exsistend.

In women with mild to moderate SDB or even occasional snoring, a two- to three-fold
risk of hypertension has been found compared to women without SDB or snoring
(Peppard et al., 2000, Lindberg et al., 2007). There are contradictory data of
associations between DM type 2 and SDB in women. One study found no gender
difference, another only a trend in women, while a third found an association between
SDB and increased risk of DM in women but not in men (Renko et al., 2005;
Tuomilehto et al., 2008; Valham et al., 2008). Among hypothyroid patients, SDB was
less common if you were female and had normal weight (Pelttari et al., 1994). Female
patients with epilepsy have less SDB than males with epilepsy (Manni et al., 2003). In
other co-morbid diseases of SDB, no gender differences have been found between
CAD, stroke, COPD/asthma, depression, psychosis or glaucoma and SDB. Gender
differences in associations between AF, PAH and GER and SDB have not been
investigated.
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AIMS OF THE STUDY

The aims of the present study were to investigate:

)

2)

3)

4)

5)

6)

the impact of menopause on the manifestation of sleep-disordered breathing in
terms of signs, symptoms, and breathing pattern

the determinants of the gender differences in partial upper airway obstruction
and periodic obstructive breathing and their associations with age and BMI

the occurrence of partial upper airway obstruction in age- and BMI-matched
male-female pairs and its impact on CPAP adherence

the differences in co-morbidities between male and female patients with partial
upper airway obstruction or periodic obstructive breathing during sleep and to
compare their prevalences to population prevalences

the differences in co-morbidities between pre- and postmenopausal women with
SDB

the impact of type of SDB on the prevalence of co-morbidities in male and
female patients
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SUBJECTS AND METHODS

1.  Subjects

1.1. Female patients (studies I-IV)

All the women who were included in the studies were referred to the pulmonary clinic
at the Turku University Central Hospital for the first time because of snoring, episodes
of witnessed apneas, EDS or other clinical symptoms suggesting SDB. They
underwent a diagnostic sleep study with the SCSB during the years 1994-1998. Using
our pulmonary sleep database, we included 601 consecutive women. Information on
age, weight, height, BMI and neck circumference was retrieved from the sleep
database. The hospital records were screened for the signs and symptoms of SDB.
When available, information on other diseases, smoking habits, use of medication with
potential interaction with breathing, menopausal state and flow-volume spirometry
were also retrieved from the hospital records. Background information was further
clarified by the posted questionnaire battery.

The menopausal status (pre- or postmenopausal) definition was based on data from the
hospital records (medical history, ovarian surgery, etc.) or self-reported history of last
menstruation time in a questionnaire (postmenopause defined as the last menstruation
more than one year previously). If these data were not available, age with a cut-off
point of 55 years was used. Women over 55 years of age were considered
postmenopausal.

1.2. Male patients (studies II-IV)

We used the same pulmonary sleep database in the Turku University Central Hospital
as with female patients and searched for male patients with similar body mass index
(BMI) (£2 kg/m®) and age (+3 years) as the women. All the male patients suffered
from some of the main symptoms of SDB such as EDS, witnessed apneas, snoring or
morning headaches. They underwent a diagnostic sleep study with the SCSB during
the years 1994-2000. Out of the 304 matched pairs found from the database, 233 had
complete data for the purpose of the study. The questionnaire battery was not sent to
male patients and the hospital records were not investigated.

1.3. Characteristics of the subjects

Out of 601 women, 207 (34.4%) were considered premenopausal and 394 (65.6%)
postmenopausal (Fig. 6). After omitting sleep studies as not available or in
incompatible format, 469 (78.0%) SCSB sleep studies remained available for the study.
Hospital records were screened in 587 (97.7%) patients. The rest of the hospital
records were so often in use clinically that they were not available for study. The
questionnaire was sent to 577 women because 24 had died since the sleep studies.
After one reminder, 451 (78.2%) returned the questionnaire. The characteristics of
females with SDB (n=393) are presented in Table 7. Premenopausal women (40.5%)
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were more often smokers than postmenopausal ones (23.6%). SDB was diagnosed in
262 out of 304 postmenopausal women (86.2%), and in 131 out of 165 premenopausal
ones (79.4%). About 40% of the postmenopausal women reported that they were
currently using or had previously used hormone replacement therapy (estrogen or
progesterone alone or in combination).

Sleep database

601 Women studied in 1994-1998

Pre-MP 207 (34.4 %)
Post-MP 394 (65.6 %)

24
Deceased
132 Sleep studies

not available or in
incompatible

577 Questionnaires sent I

format

14 Hospital
records not

available

69 (78.0%) Sleep studies

Pre-MP 165 (35.2 %)
-SDB 131 (79.4%)

Post-MP 304 (64.8 %)

-SDB 262 (86.2%)

126 Non-
responder

451 (78.2%) Questionnaire responders

Pre-MP 148 (32.8 %)
Post-MP 304 (67.2 %)

587 (97.7%) Hospital records

Pre-MP 202 (34.4 %)
Post-MP 385 (65.6 %)

A 4

347 (57.7%) All three data found

Pre-MP 118 (34.0%)
Post-MP 229 (66.0%)

/

Figure 6. Flow chart of the female study subjects. MP = menopause, SDB = sleep-disordered

breathing

Table 7. Characteristics of the 393 out of 469 women, in whom sleep-disordered breathing was
found during more than 5% of time in bed.

Characteristic Postmenopause Premenopause
n Mean (range) n Mean (range) p

Age (years) 262  62.5(33-85) 131  46.2(18-55) <0.001
Height (cm) 261 161.8(136-178) 131  162.9 (148-178) 0.091
Weight (kg) 261 87.3(41-144) 131  88.6(37-165) 0.574
BMI (kg/m") 261  33.3(18.1-61.0) 131 33.3(12.4-57.1) 0.973
Neck circumference (cm) 134 39.0(31-49) 65 39.6 (33-52) 0.383
FEV, (L) 226  2.1(0.6-3.7) 113 2.6 (0.7-3.9) <0.001
FEV1% (%) 224 82.5(21-128) 114  84.8 (23-116) 0.321
FVC (L) 226 2.7 (0.6-4.6) 113 3.3(0.8-4.9) <0.001
FVC% (%) 224 87.7 (33-138) 114  88.5(27-119) 0.681

* Two-sample t-test, significant p-values in bold
FEV, = forced expiratory volume in one second
FEV1% = FEV, as percentage of predicted value
FVC = forced vital capacity

FVC% = FVC as percentage of predicted value

N values vary depending on the availability of data.
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Out of 304 age- and BMI-matched male-female pairs, 233 had complete data for the
study. The mean age for male-female pairs was 55.8 years (SD 10.4) in men, and 56.2
years (SD 10.3) in women. The mean BMI for men and women was 31.4 kg/m* (SD
5.5) and 31.5 kg/m® (SD 5.5), respectively. The distributions of pairs according to age
and BMI are presented in Figures 7 and 8, respectively. SDB was diagnosed in 203
women (87.1%), in 219 men (94.0%), and in 192 pairs (82.4%) (Fig. 9).

Distribution into age categories of male-
female pairs

~ 40

3

% 30

S 20

2
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<45 45-54 55-64 >65

Age categories (years)

Figure 7. Distribution of 233 male-female pairs into four age categories.

Distribution into BMI categories of male-
female pairs

30

25

20

15

HE

5

; N

<25 25-29  30-34  35-39 >40

BMI categories (%)

BMI categories (kg/m?)

Figure 8. Distribution of 233 male-female pairs into five BMI categories.
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Sleep database
Patients studied in 1994-2000

601 Women 304 Men
Pre-MP 207 (34.4 %)
Post-MP 394 (65.6 %)

Complete and available sleep studies

233 Male-female pairs
Age- and BMI-matched

Sleep-disordered breathing patients
Sleep-disordered breathing during more than 5% of time in bed

192 Male-female pairs
203 Women (87.1%)
219 Men (94.0%)

Figure 9. Flow chart of the male-female pairs. MP = menopause

2. Methods

2.1. Questionnaire (study I)

The questionnaire battery that was sent to 577 women out of the 601 had 107 items (14
open and 93 structured ones) to obtain background information, focusing on previous
medical history (including detailed gynaecologic history) and medication used,
smoking habits, use of alcoholic beverages and coffee, nasal congestion and
information on social status. Selected elements from the Basic Nordic Sleep
Questionnaire (BNSQ) were also included in the questionnaire battery (Partinen and
Gislason, 1995). (Appendix 1)

2.2. Sleep study: Static-charge-sensitive bed (studies I-1V)

All the overnight sleep studies included the static-charge-sensitive bed (SCSB, Bio-
Matt®, Biorec, Turku, Finland) and simultaneous oximeter recordings (BCI-oximeter
ECG-monitor, Model 3101, CAT 3101A, Waukesha, Wisconsin, USA). The SCSB is a
non-invasive, validated method to monitor breathing, heart beats and gross body
movements in bed without any electrodes attached to the subject (Alihanka et al. 1981;
Polo 1992). The SCSB consists of a movement sensor that is placed under a normal
foam mattress (Fig. 10). The sensor charge is modified by static charge layers, moving
in conjunction with body movements, resulting in potential difference. The potentials



58 Subjects and Methods

are amplified, filtered and recorded to obtain three types of movements: gross body
movements, respiratory movements and heart beats. The filtration frequencies are in
three bands, 0.25 -0.9 Hz, 0.3 — 16 Hz and 6 — 16 Hz.

MOVEMENT SENSOR

IT ] T ;

STATIC CHARGE METAL  INSULATOR |SHIELD
PREAMPLIFIER LAYERS FILMS _(GRouNDED)
|

Body Movements
CHANNEL
FILTERING @ Resplratlon
«WWW Ballistocardiogram
POLYGRAPH

Figure 10. The static-charge-sensitive bed (SCSB) (Polo 1992).

2.2.1. The measurements of breathing patterns and body movements

The SCSB recordings were visually analyzed by two independent scorers to distinguish
normal breathing from four types of periodic breathing patterns or prolonged episodes
of increased respiratory resistance (IRR) pattern, using established and earlier reported
principles (Polo et al., 1988; Polo et al., 1992). The IRR episodes are prolonged
periods of obstructive hypoventilation (from one minute up to 30 minutes), with slowly
increasing intrathoracic pressure variations and increasing intensity of the snoring
sound (Polo et al., 1991; Fig. 1). Often the IRR is accompanied by sustained arterial
oxyhaemoglobin desaturation and terminated by a movement arousal (Polo, 1992).
Percentage of time was preferred to event-index-based calculations because the
episodes of IRR do not present as repetitive events. On the SCSB recording, the
episodes of obstructive apnea and hypopnea manifest as the OP-2 and OP-3 patterns
(Polo et al., 1988). P-1 and OP-1 patterns represent periodic breathing with moderate
or high respiratory effort, respectively (Polo, 1992). Periodic limb movements (PLM)
were also analyzed from the SCSB signal (Rauhala et al., 1996). PLM was defined as
body movements which were a part of a series of four or more consecutive movements
with a duration of 0.5-5 s and with an interval of 5-90 s (Coleman, 1982). The
breathing abnormalities or periodic movements were quantified within three-minute
epochs and the frequencies of the abnormal epochs were expressed as percentage of
time in bed (TIB). TIB indices greater than 5% were considered clinically significant.

To enable comparison of the conventional AHI with the patterns of the SCSB
recordings, we used the estimated AHI (AHI.y). The following equation was used: the
episodes of obstructive apnea and hypopnea on the SCSB recording manifest as the
OP-2 and OP-3 patterns. Five percent of time with OP-2 or OP-3 patterns equals an
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AHI of 5 / h, presuming that the duration of an apnea or hypopnea cycle is 36 s on
average. With a shorter average apnea cycle length the AHI; underestimates, and with
longer apnea cycles, overestimates the AHI.

2.2.2. Measurement of arterial oxyhemoglobin saturation (Sa0O,)

The overnight oximeter recordings with finger probe were analyzed with UniPlot
software (Unesta Oy, Turku, Finland), which reports the minimum, median and
maximum Sa0O,, and the frequencies of the oxygen desaturation events of 4%-unit or
more per hour of recording (ODI,). A decrease of 4 percentage units or more from the
preceding stable Sa0, level was defined as a hypoxic event (Block et al., 1979).

2.3. Data on nasal CPAP adherence (Study III)

The information on nasal CPAP use (pressure, hours of actual use) was derived from a
database at the time of initiation and one year thereafter. Objective adherence data
were collected on each visit and measured by a nasal CPAP unit compliance meter
which calculates the actual hours used. The average nightly use was calculated over the
period between the two consequent visits. Permanent device user was defined as nasal
CPAP use of one year or longer. The limit of one year was chosen because the possible
placebo effect of treatment was not likely to last so long.

2.4. Definition of a co-morbid condition (Study IV)

The cumulative information on co-morbidities was gathered from the Finnish Statistics
on Medicines, annually provided by the National Agency for Medicines and the Social
Insurance Institution. This medicine reimbursement system covers all permanent
Finnish residents, regardless of age, wealth or area of residence. It consists of three
categories: the Basic Refund Category, and the Lower and Higher Special Refund
Categories. The two latter categories include chronic illnesses where drug treatment is
needed to maintain the patient’s health status, and where the drug restores or replaces
normal bodily functions. To qualify for a reimbursed drug belonging to either of the
two Special Refund Categories, the patient has to provide a separate statement from
his/her own doctor to prove his/her need for such medication. The medical criteria for a
drug reimbursement are stricter than the diagnosis and treatment criteria. Therefore, the
number of patients using the drug is higher than the number of patients meeting the
criteria for the Special Refund reimbursement.

In study 1V, the year 2000 reimbursement data of the general population were used.
The data of the study subjects’ Special Refund Categories (89 in total) from 1994 to
2000 were analyzed. The data of reimbursements of recipients were divided into age
groups of ten years and was accordingly matched to the age of the study population.
Most reimbursements of medicines for chronic illnesses are ongoing without an expiry
date, and the data cover only those recipients who were entitled to Special Refund
Category all year around and who had also bought these medicines.
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2.5. Statistical analyses

Statistical calculations were performed using SAS System for Windows, release 8.02
(SAS Institute, Cary, NC). P-values less than 0.05 were considered statistically
significant.

Study I. Two-sample t-test was used to test the differences between pre- and
postmenopausal women regarding patients’ characteristics. Univariate associations
between variables were tested using chi-squared test or logistic regression.
Associations between the manifestation of SDB in terms of signs, symptoms and
breathing pattern and the dependent variable of menopause status were analysed using
multivariate logistic regression analysis. The results were quantified by calculating
odds ratios (OR) with 95% confidence intervals (95% CI). Multivariate linear models
where FVC (FVC%) and FEV, (FEV %) were dependent variables and ODI,, smoking
and menopausal status explanatory variables were used. All multivariate models were
adjusted for age.

Study II. The differences in breathing patterns between men and women were tested
with Wilcoxon signed rank test. Associations of age and BMI with SDB patterns were
analyzed using logistic regression analysis. Age and BMI were used as explanatory
variables in logistic models. The dependent variables IRR, P-1, OP-1 and PMS were
divided into three categories (the first quartile, the second and third quartiles combined,
and the fourth quartile). These ordinal dependent variables were analyzed with
cumulative logistic regression (Hosmer and Lemeshow, 2000). OP-2 and OP-3 were
dichotomized due to the high proportion of O values and analyzed with binary
dichotomic logistic regression. Logistic models were performed separately for men and
women.

Study III. The differences in breathing patterns between men and women were tested
with Wilcoxon signed rank test. Comparisons of CPAP use and pressure between
genders were made using a linear mixed model by taking into account matched pairs,
defining pair as a random factor (McCulloch and Searle, 2001). The differences in
CPAP use and pressure between patients with pure IRR and periodic breathing were
tested with two-sample t-test, and the difference in duration of CPAP treatment was
tested using Mann-Whitney U test.

Study IV. The differences in breathing patterns between men and women were
analysed using Wilcoxon signed rank test and between pre- and postmenopausal
women using Mann-Whitney U-test. Chi-squared test was used to test the difference in
the proportion of partial upper airway obstruction, periodic obstruction and special
refunds between pre- and postmenopausal women. Special refunds between age- and
BMI-matched male-female pairs were compared with conditional logistic regression.
Associations of the manifestation of SDB in terms of breathing patterns, age and BMI
with the special refund categories were analysed using multivariate logistic regression
analysis. The results were quantified by calculating odds ratios (OR) with 95%
confidence intervals (95% CI). Age-standardized prevalence of diseases per 100
persons with 95% confidence interval (CI) was calculated using the direct method.
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The year 2000 reimbursement data of the general Finnish population were used as
reference.

3.  Designs of the studies

All studies were retrospective and cross-sectional using a clinical population from the
database of the pulmonary sleep department of Turku University Central Hospital. In
study 1V, the year 2000 reimbursement data of the general Finnish population were
used as controls.

4.  Ethical aspects

The study protocols were approved by the Joint Commission on Ethics of Turku
University and Turku University Central Hospital. Permission to study the hospital
records was obtained from the Head of the Department of Pulmonary Diseases in
Turku University Central Hospital. Written informed consent was obtained from all
female subjects answering the survey. Reimbursement data on medication for co-
morbidities were obtained with permission of the National Agency for Medicines and
the Social Insurance Institution.
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RESULTS

1.  Effect of gender

1.1. Type of SDB

SDB (defined as breathing abnormalities more than 5% of TIB) was diagnosed in 192
pairs (82.4%), in 219 men (94.0%) and in 203 women (87.1%) out of 233 male-female
pairs. The occurrence of the various breathing abnormalities was first determined as
percentage of TIB (median and interquartile range IQR) (Table 8). Breathing
abnormalities were encountered during 21.8% and 31.7% of TIB in women and in
men, respectively (p<0.001). The proportions of different types of breathing
abnormalities varied between genders. The median percentage of partial upper airway
obstruction of TIB was 10.5% in women and 7.5% in men (p=0.174). Periodic
obstructive breathing (defined as P-1, OP-1, OP-2 and OP-3 together) was less
common in women (5.8% (IQR 10.7) vs. 15.6% (IQR 23.6) of TIB, p<0.001).

Table 8. Sleep-disordered breathing (SDB) abnormalities during time in bed (TIB) in 233 male-
female population.

n=233 Women (mean,|QR) Men (mean,IQR)
Patients with SDB 203 (87.1%) 219 (94.0%)
Proportion of SDB of TIB* 21.8% (IQR 40.0) 31.7% (IQR 44.4)
Partial upper airway obstruction of TIB 10.5% (IQR 36.0) 7.5% (IQR 26.3)
Periodic obstructive breathing of TIB* 5.8% (IQR 10.7) 15.6% (IQR 23.6)

Values are n (%) or median (IQR) = interquartile range, *p<0.001

The contribution of the various breathing patterns to the overall breathing abnormalities
in each subject was determined (Fig. 11). Partial upper airway obstruction was the most
common breathing abnormality; it was more common in females than in males
representing (mean £ SD) 50.2% + 40.8 of all breathing abnormalities in women and
37.2% + 36.4 in men (p<0.001), whereas all patterns of periodic obstructive breathing
together accounted for 49.8% + 40.8 in women and 62.6% + 36.4 in men of all breathing
abnormalities (p<0.001). Periodic obstructive breathing P-1 contributed less in women
than in men (24.2% =+ 32.1 and 34.5% =+ 33.4, p<0.001). The proportion of OP-1
averaged 21.1% + 29.1 in women and 14.7% =+ 21.7 in men (p=0.034). The proportions
of OP-2 and OP-3 were significantly lower in women than in men (3.0% £ 9.4 vs. 7.9%
+17.0, p<0.001 and 1.5% + 5.7 vs. 5.6% =+ 13.3, p<0.001, respectively). OP-2 and OP-3
patterns are compatible with conventional episodes of obstructive apnea.

Knowing that age and BMI are two major risk factors for SDB, we looked at the age
and BMI associations of different breathing patterns in 3D format (Fig. 12A-F) and
tested the significances as odds ratios (Tables 9A and 9B). The IRR frequency
increased in the age group of over 65 years (p=0.037) or BMI 35 - 39 kg/m” (p=0.046),
but not in women with BMI over 40 kg/m*. Men with BMI over 40 kg/m® had a higher
IRR frequency (p=0.017), and age over 65 years tended to explain this (p=0.053) (Fig.
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Figure 11. The average (+ SD) contribution of the various breathing abnormalities to the
overall breathing abnormalities in each patient. P-1, OP-1, OP-2 and OP-3 are forms of periodic
breathing, whereas IRR represents partial upper airway obstruction during sleep. *p<0.05,
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12A). In women, an increase of neither BMI nor age was associated with change in P-1
(Fig. 12B). In men, contrary to IRR, P-1 was more frequent in the mild obesity groups
(25 < BMI < 30 kg/m® and 30 < BMI < 35 kg/m®) than in the normal weight group
(p=0.009 and p=0.012, respectively). In women, only during the early postmenopausal
period (55 < age < 65 years, p=0.028) was OP-1 increased (Fig. 12C). It was not
associated with BMI. In men, OP-1 was most frequent in patients with BMI between 35 -
39 kg/m® (p=0.003). In women, neither age nor BMI was associated with OP-2 or OP-3
patterns (Fig. 12D and 12E). In men, an increase in BMI predicted more OP-2 (35 < BMI
< 40 kg/m?, p< 0.001) and OP-3 (35 < BMI < 40 kg/m’, p<0.001 and BMI > 40 kg/m’,
p= 0.042). Men aged between 45 and 54 had less OP-2 (p=0.046). Periodic movements
in sleep were more common in women than men, 1.16% vs. 0.97%, respectively
(p<0.001). PMS did not change with increasing age or with BMI in either sex (Fig. 12F).

1.2. CPAP adherence

Nasal CPAP therapy was started in 116 (49.8%) out of the 233 men and 66 (56.9%)
continued therapy at the one-year check point. In 233 women, the figures were 86
(36.9%) and 52 (60.5%), respectively. The mean CPAP use was equal in both genders
(in men 5.1 and in women 4.8 hours, p=0.519) but the mean pressure in the CPAP
device was higher in males than in females (9.8 cmH,0 and 8.8 cmH,0, p<0.001) with
a mixed model. (Table 10)

1.3. Co-morbidity

The results of Special Refunds in the entire study population including subjects without
SDB are presented in Table 11. Men had significantly more diabetes mellitus (14.2%
vs. 6.0%) and less hypothyroidism (3.4% vs. 9.4%) than women. An exceptionally
high prevalence was found for patients entitled to Special Refunds for asthma and/or
chronic obstructive pulmonary disease (COPD) (24.0%-24.5%) or hypertension
(31.8%-34.8%) in both genders.
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Figure 12A-F. A pattern of prolonged episodes of increased respiratory resistance (IRR) (Fig.
12A), four types of periodic breathing patterns (P-1, OP-1, OP-2 and OP-3) (Fig. 12B — E,
consecutively), and a pattern of periodic movements in sleep (PMS) (Fig. 12F) of the static-
charge-sensitive bed (lower panels), and the effects of age and BMI on these patterns (upper
panels) in women and in men in 3-D format (n=233). BCG = ballistocardiogram, SaO, =
arterial oxygen saturation
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Table 10. The adherence data of nasal CPAP therapy in male-female pairs.

n=233 Women Men

Nasal CPAP started 86 (36.9%) 116 (49.8%)
Permanent user 52 (60.5%) 66 (56.9%)
Mean use (h/night) 4.8 (SD 2.5) 5.1(SD 2.1)
Mean pressure (cmH,0)* 8.8 (SD1.9) 9.8 (SD 2.1)

Values are n (%) or mean (SD) = standard deviation, *p<0.001

Table 11. The number of patients entitled to Special Refunds in different study populations.

Diseases Men Women p-value* Premenopausal Postmenopausal p-valuett
(n=233) (n=233) women (n=207) women (n=394)

Diabetes mellitus 33(14.2%) 14 (6.0%)  0.005 7 (3.4%) 40 (10.2%) 0.003
Chronic hypertension 81 (34.8%) 74 (31.8%) 0.478 57 (27.5%) 156 (39.6%) 0.003
Chronic cardiac 11 (4.7%) 9(3.9%)  0.638 3 (1.5%) 24 (6.1%) 0.009
insufficiency
Chronic arrhythmias 13 (5.6%) 6 (2.6%) 0.100 3(1.5%) 15 (3.8%) 0.107
Chronic coronary heart 26 (11.2%) 18 (7.7%) 0.209 7 (3.4%) 39 (9.9%) 0.004
diseases
Asthma and/or COPD 56 (24.0%) 57 (24.5%) 0.916 64 (30.9%) 128 (32.5%) 0.695
Thyroid insufficiency 8(3.4%) 22(9.4%) 0.012 15 (7.3%) 36 (9.1%) 0.429
Connective tissue 6(2.6%) 13(5.6%) 0.100 0 10(2.5%) 0.021
disease, rheumatoid
arthritis
Glaucoma 6(2.6%) 9(3.9%) 0.410 1(0.5%) 15 (3.8%) 0.016
Epilepsy 6(2.6%) 4(1.7%)  0.530 7 (3.4%) 11 (2.8%) 0.687
Psychosis 5(2.2%) 11(4.7%) 0.144 9 (4.4%) 18 (4.6%) 0.901

COPD-= chronic obstructive pulmonary disease

*Comparison between men and women of study population; conditional logistic regression.
#Comparison between pre- and postmenopausal women of study population; chi-squared test.
Significant p-values in bold

When taking into account only patients with SDB and compared with the Finnish
general age-standardized population, a greater proportion of men were entitled to
Special Refunds for diabetes (9.3%), hypertension (28.0%), chronic arrhythmias
(3.0%) and asthma and/or COPD (22.8%). Women with SDB were more often entitled
to refunds for hypertension (27.1%), asthma and/or COPD (37.4%) and
hypothyroidism (9.1%) than age-matched women generally (Table 12).

Increasing age and BMI were associated with increased prevalence of many
cardiovascular diseases including chronic hypertertension and chronic coronary heart
disease in both genders and, in addition, chronic cardiac insufficiency in women
(Tables 13 and 14). In the women of the pairs, age and BMI were also associated with
the prevalence of hypothyroidism. In the men of the pairs, age significantly explained
the higher prevalence of diabetes, asthma and/or COPD.
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Tables 13-14. Odd ratios associated with increasing age, BMI and sleep-disordered breathing
(comparing partial upper airway obstruction and periodic obstruction) of Special Refund
Categories among the women and the men.

Table 13.
Women n=133 age BMI Partial vs. periodic
obstruction
Diseases OR§ 95% Cl OR§ 95% CI OR# 95% Cl
Diabetes mellitus 1.02 0.94-1.12 1.06 0.90-1.24  1.22 0.19-7.75
Chronic hypertension 1.04* 1.00-1.08  1.11* 1.03-1.20  0.40* 0.18-0.90
Chronic cardiac insufficiency 1.14* 1.01-1.30 1.16 0.97-1.39 2.80 0.26-29.70
Chronic arrhythmias 1.16 0.95-1.42 1.04 0.78-1.38 NA NA
Chronic coronary heart diseases 1.14* 1.04-1.25 1.13 0.99-1.29 0.39 0.08-1.78
Asthma and/or COPD 1.00 0.96-1.03  1.02 0.95-1.10  3.02* 1.31-6.99
Thyroid insufficiency 1.06* 1.00-1.13  1.14* 1.02-1.27 1.39 0.41-4.70
Connective tissue disease, 1.05 0.97-1.14 0.97 0.85-1.12 0.53 0.11-2.60
rheumatoid arthritis
Glaucoma 1.01 0.91-1.11 0.92 0.75-1.14 NA NA
Epilepsy 0.91 0.80-1.04  1.09 0.89-1.34  1.87 0.16-22.18
Psychosis 1.00 0.92-1.08 1.14 0.98-1.33  0.87 0.16-4.63
Table 14.
Men n=122 age BMI Partial vs. periodic
obstruction
Diseases OR$§ 95% Cl ORg§ 95% Cl OR# 95% Cl
Diabetes mellitus 1.09* 1.02-1.16 1.09 0.99-1.21 1.75 0.53-5.72
Chronic hypertension 1.09** 1.04-1.15 1.16* 1.06-1.26  0.77 0.30-2.01
Chronic cardiac insufficiency 1.08 0.98-1.20 0.92 0.74-1.14 0.63 0.06-6.52
Chronic arrhythmias 1.07 0.97-1.17 1.02 0.86-1.21 1.48 0.23-9.63
Chronic coronary heart diseases 1.14%* 1.06-1.23 0.98 0.87-1.11 3.21 0.93-11.07
Asthma and/or COPD 1.05* 1.01-1.11  1.07 0.98-1.16  3.39* 1.32-8.73
Thyroid insufficiency 0.96 0.81-1.14 1.22 0.92-1.61 NA NA
Connective tissue disease, 1.07 0.95-1.21 1.13 0.92-1.38 5.58 0.46-68.42
rheumatoid arthritis
Glaucoma 1.00 0.90-1.12  0.96 0.77-1.20 4.51 0.39-52.77
Epilepsy 1.00 0.92-1.10 0.83 0.66-1.04 NA NA
Psychosis 0.89 0.75-1.07 0.82 0.57-1.18 1.86 0.09-38.20

Multivariate logistic regression analyses with 95% confidence interval (Cl), significant ORs in bold, *p<0.05 and
**p<0.001. N-value dropped from 233 to 133 with women and to 122 with men because subjects included were
predominantly partial obstruction (partial obstruction more than 5% of time in bed (TIB) and periodic obstruction less
than 5% of TIB) or periodic obstruction (partial obstruction less than 5% of TIB and periodic obstruction more than 5%
of TIB) patients.

COPD-= chronic obstructive pulmonary disease

BMI = body mass index

SDB=sleep-disordered breathing.

NA = no values available due to zero frequencies

§ Odds ratio (OR) for one unit increase in continuous age and BMI variables

#OR for partial obstruction versus periodic obstruction
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2.  Effect of menopause

2.1. Type and symptoms of SDB

Breathing abnormalities during the night were frequent in both female groups (Table
15). SDB was diagnosed in 262 (86.2 %) of the postmenopausal women and in 131 (79.4
%) of the premenopausal ones (p=0.057). In postmenopausal women, the average
proportion of breathing abnormalities of TIB was higher than in premenopausal
women (68.1% vs. 35.8%, p<0.001). The proportion of partial upper airway
obstruction of TIB did not differ significantly between premenopausal and
postmenopausal women, 49.0% and 55.3%, respectively. The proportion of periodic
obstructive breathing was as common in premenopausal as in postmenopausal women,
51.0% and 44.7%, respectively. However, the proportion of postmenopausal women
with partial upper airway obstruction (66.1%) was higher than that of premenopausal
women (50.9%, p=0.001). The proportion of patients with periodic obstruction did not
differ between postmenopausal (56.3%) and premenopausal women (48.5%).

Table 15. Sleep-disordered breathing (SDB) abnormalities during time in bed (TIB) in pre and
postmenopausal women.

n=469 Premenopausal n=165 Postmenopausal n=304
Patients with SDB 131 (79.4%) 262 (86.2%)

Proportion of SDB of TIB* 35.8% 68.1%

Patients with partial upper airway obstruction* 84 (50.9%) 201 (66.1%)

Patients with periodic obstructive breathing 80 (48.5%) 171 (56.3%)

Proportion of partial upper airway obstruction of TIB 49.0% (SD 41.4) 55.3% (SD 39.2)
Proportion of periodic obstructive breathing of TIB 51.0% (SD 41.4) 44.7% (SD 39.2)

Values are n (%) or mean (SD) = standard deviation, *p<0.05

The severity of SDB was higher in postmenopausal than in premenopausal women.
With SDB cut-off points greater than 5% of TIB, a greater proportion of
postmenopausal women received the diagnosis of SDB than in the premenopausal
group (Table 16). Neither ODI, nor AHI, could measure any significant differences in
the severity of SDB between the female groups. The average ODI, greater than 5/h was
24.0% in postmenopausal, and 17.5% in premenopausal women, and the AHI greater
than 5/h was 8.9% and 4.9%, respectively.

The prevalences of the principal signs or symptoms of sleep-disordered breathing were
similar in the post- and premenopausal women (Table 17). Only nasal congestion was
less frequent in postmenopausal women than in premenopausal ones. In multivariate
analysis, variation of nasal congestion was determined by variation of allergic rhinitis,
but not by BMI, EDS, morning headache or smoking. In univariate analysis, variation
of BMI and presence of SDB explained allergic rhinitis with borderline significance
(p=0.095 and p=0.058, respectively). Micrognathia/retrognathia tended to be less
frequent in the postmenopausal than in the premenopausal group. In a multivariate
analysis, menopause, ODI; over 5 or AHl; did not correlate with the signs and
symptoms of SDB (Table 18). Increasing BMI was associated with increasing EDS and
self-reported snoring.
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Table 16. Sleep-disordered breathing (SDB) in the clinical population of women investigated
with static-charge-sensitive bed.

Sleep studies Postmenopausal Premenopausal P*
n=469 (n=304) (n=165)

SDB > 5% 86.2% 79.4% 0.057
SDB > 20% 61.2% 46.7 % 0.003
SDB > 50% 30.9% 16.4 % 0.001
0ODI4 >5/h 24.0% 17.5% 0.098
AHle:> 5/h 8.9% 49% 0.113

* Chi-squared test, significant p-values in bold, 469 out of 601 sleep studies were eligible for the analyses.

SDB =P1 + OP1 + OP2 + OP3 + IRR > 5% of time in bed (TIB). P1, OP1, OP2 and OP3 are forms of periodic breathing and
IRR (increased respiratory resistance) represents partial upper airway obstruction during sleep.

ODI, = the oxygen desaturation events of 4%-unit or more

AHle = the sum of OP2 and OP3 equals 5 % of TIB, which equals an apnoea-hypopnoea index (AHI) of 5 per hour.

Table 17. The signs and symptoms of sleep-disordered breathing in pre- and postmenopausal
women.

Total n=393 Postmenopause Premenopause

Dependent variable % % OR 95% CI p*
Excessive daytime sleepiness (n=383) 74.8 79.1 0.79 0.47-1.31  0.355
Self-reported snoring (n=380) 85.3 86.1 0.94 0.51-1.72 0.836
Witnessed apnea (n=380) 52.6 49.6 1.13  0.74-1.72  0.582
Morning headaches (n= 382) 13.0 17.8 0.69 0.39-1.24 0.213
Nasal congestion (n=382) 12.3 26.4 0.39 0.23-0.67 <0.001
Micro/retrognathia (n= 382) 8.3 14.0 0.56  0.29-1.09 0.088

* Univariate logistic regression analysis, significant ORs in bold
N values vary depending on the availability of data

2.2. Co-morbidity

The entire group of postmenopausal women had more special refunds for diabetes
mellitus, hypertension, chronic cardiac insufficiency, chronic coronary heart diseases
and glaucoma when compared to premenopausal women (Table 11).

When comparing the reimbursements of general Finnish postmenopausal women and
postmenopausal women with SDB in our study, the latter were more frequently entitled
to refunds for diabetes, hypertension, asthma and/or COPD, hypothyroidism and
psychosis. Similarly, premenopausal women with SDB were more often entitled to
refunds for hypertension, asthma and/or COPD and chronic coronary disease (Table
12).
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Table 18. Excessive daytime sleepiness, snoring, witnessed apnoeas and morning headaches
explained by BMI, age, menopausal status, ODI, > 5/h and AHI., in a multivariate logistic
regression model.

Total n=393 BMI Age Menopause oDIl,; >5/h AHl
Dependent variable OR 95% CI OR 95%ClI OR 95%Cl OR 95%Cl OR 95%Cl

Excessive daytime 1.06* 1.02-1.10 0.97 0.94-1.00 1.22 0.56-2.65 0.98 0.53-1.79 0.88 0.36-2.15
sleepiness (n=364)

Self-reported snoring 1.11** 1.05-1.17 0.98 0.94-1.02 1.13 0.44-2.94 0.60 0.29-1.23 2.42 0.53-11.06
(n=363)
Witnessed apnea 1.01 0.98-1.05 0.99 0.97-1.02 1.35 0.72-2.52 0.87 0.53-1.43 1.48 0.69-3.17
(n=363)
Morning headaches 1.01 0.97-1.06 1.00 0.96-1.04 0.73 0.31-1.71 1.09 0.55-2.15 1.23 0.46-3.29
(n=364)
*p < 0.05, **p < 0.001, significant ORs in bold. N varies from total of 393 because some observations were deleted due
to missing values for the response or explanatory variables. OR was adjusted for BMI, age, menopause, smoking, ODI,
> 5/h and AHles.
AHI = apnea-hypopnea index
AHles; = the sum of OP2 and OP3 equals 5 % of time in bed, which equals an AHI of 5 per hour.
ODlI, = the oxygen desaturation events of 4%-unit or more

Table 19 shows the multivariate logistic regression analyses of the entire female
population. Here OR was adjusted for age, BMI, smoking, excessive daytime
somnolence, snoring, morning headaches, witnessed apneas during sleep and SDB. N-
value dropped to 444 from 601 due to missing values in many variables. Morning
headaches were associated with lower prevalence of hypertension (OR 0.48, 95% CI
0.24-0.94), and smoking (previous or current) with increased prevalence of asthma
and/or COPD (OR 1.75, 95% CI 1.12-2.74). There were no associations between SDB
and the diseases after controlling for other confounding factors.

Table 19. Special Refund Categories in the large female study population and sleep-disordered
breathing

Women n=444 age BMI SDB vs. non-SDB
Diseases OR 95% Cl OR 95% Cl OR  95%Cl
Diabetes mellitus 1.02 0.98-1.06 1.08* 1.03-1.14 4.28 0.55-33.08
Chronic hypertension 1.06** 1.04-1.09 1.11** 1.07-1.15 0.98 0.52-1.84
Chronic cardiac insufficiency 1.10* 1.04-1.16 0.99 0.93-1.08 1.86 0.23-15.39
Chronic arrhythmias 1.08* 1.01-1.16 0.91 0.81-1.02 0.75 0.08-7.21
Chronic coronary heart diseases 1.08*%* 1.04-1.13 1.01 0.96-1.06 1.86 0.23-15.39
Asthma and/or COPD 1.02*  1.00-1.04 1.03 1.00-1.06 1.93 0.43-8.70
Thyroid insufficiency 1.02 0.99-1.06 1.05 1.01-1.10 1.93 0.21-17.83
Connective tissue disease. rheumatoid arthritis 1.02 0.98-1.06 0.97 0.91-1.03 1.40 0.45-4.29
Glaucoma 1.08* 1.02-1.15 0.96 0.88-1.06 1.99 0.43-9.10
Epilepsy 0.97 0.90-1.04 1.09 0.99-1.19 0.85 0.08-8.48
Psychosis 0.99 0.94-1.03 1.04 0.98-1.10 0.58 0.33-1.01

OR (odds ratio) is adjusted for age, BMI, smoking, excessive daytime somnolence, snoring, morning headache, apneas
during sleep and SDB>5% of time in bed. Multivariate logistic regression analyzes with 95% confidential interval (Cl)
were used, significant ORs in bold, *p<0.05 and **p<0.001. N dropped from total of 601 because some observations
were deleted due to missing values for the response or explanatory variables.

COPD-= chronic obstructive pulmonary disease

BMI = body mass index

SDB-= sleep-disordered breathing
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3.  Effect of type of SDB

3.1. CPAP adherence

Out of the 116 male patients starting nasal CPAP, 73 (62.9%) had IRR, 99 (85.3%)
periodic breathing and 38 (32.8%) severe periodic breathing (OP-2 + OP-3) over 5% of
TIB. In the female group (n=86) the figures were 61 (70.9%), 50 (58.1%) and 7
(8.1%), respectively. In men, the presence of partial upper airway obstruction did not
explain permanent nasal CPAP use (66.7% continued vs. 58.0% discontinued,
p=0.339) but men with periodic obstructive breathing were more likely to continue the
therapy than discontinue it (90.9% vs. 78.0%, p=0.052). Women continued CPAP
therapy equally if they had predominantly partial upper airway obstruction (76.9% vs.
61.8%, p=0.130) or periodic obstructive breathing (51.9% vs. 67.7%, p=0.148). The
duration of nasal CPAP treatment, the hours of use or nasal CPAP pressures did not
differ in either men or women when patients with pure partial upper airway obstruction
(IRR > 5% and periodic breathing < 5% of TIB) and patients with periodic obstructive
breathing (IRR < 5% and periodic breathing > 5% of TIB) were compared.

3.2. Co-morbidity

Special Refund Categories in patients with predominantly nonperiodic partial upper
airway obstruction (partial obstruction more than 5% of TIB and periodic obstructive
breathing less than 5% of TIB) compared with patients with periodic obstructive
breathing (partial obstruction less than 5% of TIB and periodic obstructive breathing
more than 5% of TIB), and the associations with age and BMI were analysed using
multivariate logistic regression analysis (Tables 13 and 14). Women with partial upper
airway obstruction had a lower prevalence of hypertension (OR 0.40, 95% CI 0.18-
0.90) and a higher prevalence of asthma and/or COPD (OR 3.02, 95% CI 1.31-6.99)
compared to those with periodic obstructive breathing, even after adjusting for age and
BMI. Men with partial upper airway obstruction had a higher prevalence of asthma
and/or COPD (OR 3.39, 95% CI 1.32-8.73).
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DISCUSSION

The present study has its origin in clinical observations of patients, especially women,
suffering from substantial symptoms of SDB without severe conventional obstructive
sleep apnea. These patients tend to get good relief from their symptoms with nasal
CPAP therapy. This study focuses on evaluating previously frequently neglected
effects of gender, pre- and postmenopausal state and partial upper airway obstruction
on the manifestation of findings, co-morbidities and adherence to nasal CPAP in
patients with clinically significant SDB. A retrospective study design was used with
data on sleep recordings, hospital records, questionnaires sent to women and co-
morbidities from the National Agency for Medicines and the Social Insurance
Institution.

According to the present study, nonperiodic partial upper airway obstruction is a
common type of SDB in both genders but especially in women. Partial upper airway
obstruction is not a mild form of SDB when comparing co-morbidity or adherence to
nasal CPAP between patients with partial upper airway obstruction and those with
periodic obstructive breathing, namely, “frank” obstructive sleep apnea.

Neither the prevalence nor the symptoms of SDB differed between pre- and
postmenopausal women although postmenopausal women had more severe SDB than
premenopausal women in terms of different cut-off points of SDB.

The effects of BMI and age on type of SDB between genders were different. In
women, partial upper airway obstruction increased with increasing age only, but in
men partial upper airway obstruction was associated with increasing age and BMI
combined.

Co-morbidity with SDB was high in both genders. A novel and intriguing finding was
the lower prevalence of hypertension in females with partial upper airway obstruction
compared to those with conventional obstructive sleep apnea, even after adjustment for
age and BMI. This reflects differences in pathogenesis between the genders and
increases the concerns about using the AHI as the only marker of SDB and its severity.

1.  Methodological aspects

1.1. Subject selection

Both male and female subjects were consecutively selected from our pulmonary clinic
sleep database. They were all referred to diagnostic sleep studies with static-charge-
sensitive bed recordings. The results of the present study can be generalised to the
sleep clinic population but with caution to the general population. Because the sleep
recordings were done in a pulmonary clinic, a selection bias of patients with pulmonary
diseases might be present. However, a vast majority (80-90%) were referred to the
sleep studies by general practitioners or specialists other than pulmonologists.
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BMI greater than 30 kg/m* was found in 58% of male-female pairs, obesity being
higher in the study population than in the general Finnish male (21%) and female
(24%) population (Aromaa and Koskinen, 2002). The male-female pairs were carefully
matched by age and BMI, which are the major confounding factors. However, this may
have made some contribution to the prevalence of co-morbidities compared to the
general population because BMI adjustment could not be used in these analyses. Age
was taken into account by dividing the general population into age groups of ten years
and matching them according to the age of the study population.

Information about co-morbidities of the general population was provided by the
National Agency for Medicines and the Social Insurance Institution. Because SDB is
not included in the diseases with reimbursed medication, it was not possible to
segregate patients with SDB from the general population. However, the differences
between the patients with SDB and the general population would probably have been
even clearer, if we had been able to use a “SDB-free” control population. The exact
menopausal status in the general female population could not be defined, but, knowing
the median age of menopause among Finnish women and using the large number of
control subjects, this is unlikely to have weakened our results.

1.2. Diagnosing SDB with static-charge-sensitive bed

The SCSB was developed in 1979-1981 at the Department of Physiology, University
of Turku (Alihanka and Vaahtoranta, 1979; Alihanka et al., 1981). Since then, it has
been validated and used regularly in clinical and investigational settings for sleep
studies (Polo et al., 1988; Polo, 1992, Polo-Kantola, 1999; Saaresranta, 2000). In our
pulmonary clinic, the SCSB has been the only method used for sleep studies from 1985
until 2000, and after that, together with Embla Somnologica® (Medcare Flaga hf.
Medical devices, Reykjavik, Iceland) used as a cardiorespiratory polygraphy. The
SCSB has a low cost/benefit ratio in diagnosing SDB. The particular advantage of the
SCSB is that it is a non-invasive method without any detectors attached, and the
subject is able to sleep naturally without the disturbances of thermistors or thoracic and
abdominal bands. As the airflow is not monitored in the SCSB, it is not possible to
determine the AHI in the conventional way. Instead, a special SCSB-based analysis
was used (Polo, 1992) to detect a wide spectrum of breathing abnormalities. Four types
of periodic breathing (P-1, OP-1, OP-2 and OP-3) can be distinguished accurately from
the SCSB on the basis of body movements, respiratory movements and
ballistocardiographic findings. P-1 and OP-1 represent periodic breathing. OP-2 and
OP-3 patterns reflect episodes of obstructive sleep apnea, and these can be correlated to
the AHI with specificity (61-68%) and sensitivity (98-99%) in patients with sleep
apnea compared to conventional methods (Polo et al., 1988). Instead of a conventional
AHI from the SCSB patterns, the estimated AHI. was used in study I. In addition, the
SCSB has proved to be a powerful tool in diagnosing partial upper airway obstruction,
seen as increased respiratory resistance (IRR pattern) (Polo, 1992). IRR corresponds to
prolonged episodes of partial upper airway obstruction without arousals and with
slowly increasing CO, retention accompanied with increased intrathoracic variations of
pressure.
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Although we know that upper airway dysfunction during sleep may be either complete
or partial upper airway obstruction, nearly all investigations in this field only define
SDB in terms of the AHI. Because periodic breathing is a prerequisite for scoring
episodes of apnea and hypopnea, factors promoting or suppressing periodic breathing
may cause overestimation or underestimation of the severity of the upper airway
obstruction. The AHI is a poor variable to estimate signs and symptoms of SDB in the
nonapneic snoring patient, and it can be considered insufficient to estimate the severity
of the upper airway dysfunction during sleep (Hudgel, 1986; Flemons and McNicholas,
1997; Cracowski et al., 2001). In the search for alternatives to AHI, there is a need for
indexes which also consider partial obstruction. By using the SCSB, it is possible to
extend the respiratory analysis to distinguish various patterns of periodic breathing and
partial upper airway obstruction.

The recordings of the SCSB combined with an oximeter, were reanalyzed by two
scorers who were blinded to the study hypothesis. The scorers were experienced in
analyzing the SCSB patterns and had been originally taught and guided by the same
tutor. Thus, the criteria used for the analyses were alike, and scoring bias was unlikely.

1.3. Study design and data collection

Because of the retrospective study design, no laboratory samples could be taken.
Therefore, menopausal status was defined by other methods than serum hormone
levels. Women 55 years or older were considered postmenopausal if hospital records or
self-reported data on menstrual history in a questionnaire did not confirm otherwise.
The cut-off point of 55 years was chosen because the median age for menopause in
Finnish women is 51 years (Luoto et al., 1994). The questionnaire sent to women
included open questions about the use and duration of HT and the trade names of the
hormones. Despite the clear questions, they were poorly answered and only a rough
estimate of HT could be used. HT could not be defined in the general female
population either, but it was assumed that the use of hormones would be similar in both
populations. In the questionnaire battery, the BNSQ, a validated and widely used
questionnaire in Nordic sleep surveys, was partly included (Partinen and Gislason,
1995).

The data on nasal CPAP usage were gathered from the pulmonary clinic sleep database
which was carefully updated at every control visit. The actual hours used were
measured by a nasal CPAP unit compliance meter giving accurate and objective
adherence data.

The data on co-morbid disecases were based on the governmental database of
reimbursed medications from the National Agency for Medicines and the Social
Insurance Institution. Because the criteria of reimbursement for chronic obstructive
pulmonary diseases include both asthma and COPD, it was not possible to separately
analyze these diseases. For the same reason, diabetes mellitus types 1 and 2 were
combined in the co-morbidity data. This has to be kept in mind when comparing our
results of chronic obstructive pulmonary diseases or diabetes mellitus to other than
Finnish studies. However, this does not lead to a differential bias between our study
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and the control population used since the same reimbursement criteria are applied to
both. The public health insurance system covers all Finnish residents and criteria for
medication reimbursements are stricter than normal clinical criteria for treatment. In
addition, not only doctors but also pharmacists and social workers make sure that every
patient entitled to reimbursed medication receives it. The use of a governmental
database of reimbursed medications strengthens our results regarding the criteria of the
diseases.

2. Gender differences

2.1. Differences in type of SDB and adherence to nasal CPAP treatment

Our results show that in age- and BMI-matched male-female pairs in clinical settings,
the prevalence of SDB was very common in both genders (in males 94.0% and in
females 87.1%). It was more common in men when looking at the proportions of
breathing abnormalities of TIB (in males 31.7% and in females 21.8%). This is in
agreement with previous population-based studies showing the same difference
between genders (Young et al., 1993; Bixler et al., 1998 and 2001; Duran et al., 2001).
The high prevalence of SDB may be explained partly by the fact that our study
population was more obese than the general Finnish population. It has been estimated
that with increasing obesity, SDB may be as prevalent as one in every five adults
(Young et al., 2002). Our results exceeded even these estimates. Another explanation
for the high prevalence of SDB in our study may be that the patient population was
referred to sleep studies because of suspicion of SDB due to symptoms. During the
years 1994-2000, the knowledge of SDB among general practitioners was still scarce
and referring patients to sleep studies was not as common as it is today, a fact which
may have caused strict referring criteria bias because probably only the women with
severe symptoms of SDB would have been referred. In our study, the male-female
pairs were carefully matched for age and BMI and, together with the perception of
male predominance of SDB, an over-referral of women with less severe SDB and less
periodic breathing, would be unlikely. In our study, the high prevalence of SDB in
patients referred to sleep studies suggests that the threshold for referral is still too high.
Many patients, who should be studied for their breathing problems, are not getting
referral.

The type of SDB differed between genders in our study population. The median
percentage of partial upper airway obstruction (IRR) was similar in men and women
but periodic obstructive breathing (P-1, OP-1, OP-2 and OP-3 together) was more
common in men than in women. An unexpected finding was that partial upper airway
obstruction was the most common type of SDB not only in women but also in men,
being 50.2% in women and 37.2% in men. Especially the proportions of OP-2 + OP-3,
which are compatible with conventional obstructive apnea, were less frequent in
women than in men. On the other hand, we expected women to have less of almost all
patterns of periodic obstructive breathing (P-1, OP-2 and OP-3) than men. PMS was
more common in the women than in the men.
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Why was partial upper airway obstruction so common in our study? Previous studies
have used conventional polysomnographic methods with a thermistor to diagnose
SDB. In those studies, the severity of SDB has been assessed with the AHI. Both
polysomnography and the AHI were developed to detect and measure apneas and
hypopneas, but not partial upper airway obstruction. The SCSB used in our study is a
powerful method to measure partial upper airway obstruction (Polo, 1992). The present
study is the first larger-scale study focusing on the occurrence of partial upper airway
obstruction. In previous reports, partial upper airway obstruction has only scarcely
been investigated (Bao and Guilleminault, 2004).

Why are women more likely to have partial upper airway obstruction during sleep? By
assessing the age and BMI dependencies of partial obstruction separately in men and
women with three-dimensional figures, we found that women had a consistently
increasing susceptibility to partial obstruction after the age of 65 years over the whole
BMI range, whereas in males, partial obstruction associated with the combination of
high age and high BMI. Although there were no significant linear associations, this
implies gender differences in the ventilatory and upper airway control during sleep or
in the arousal threshold. These possible gender influences on the resistance and
collapsibility of the upper airway have been reviewed in section 1.3.

Partial upper airway obstruction is associated with general narrowing of the upper
airway from the soft palate to the tongue base and hyoid bone levels, whereas
obstructive sleep apnea is characterized by upper airway narrowing, focused at the soft
palate level (Polo et al., 1991). Women have a smaller, stiffer and less collapsible
upper airway than men with sleep apnea (Brooks and Strohl, 1992; Mohsenin, 2001;
Rowley et al., 2001; Jordan et al., 2005). In addition, respiratory control may oscillate
when the controler gain increases. Changing hormonal levels in women at menopause
(low progesterone level) may have a stabilizing effect on the decreased respiratory
drive. These mechanisms could explain why women are more prone to partial upper
airway obstruction than men.

Do these findings and the high proportion of partial upper airway obstruction have
any clinical relevance? In our study, nasal CPAP adherence was equal between
genders at the one-year control visit. The one-year time limit for permanent use was
chosen because the placebo effect of treatment would not last so long. Both men and
women used the nasal CPAP adequately (the mean use was 5 hours per night).
Previous studies with mild SDB (measured with low AHI) have shown low adherence
to nasal CPAP therapy (Engleman et al., 1999; Rosenthal et al., 2000). Our results
show the opposite, if symptomatic partial upper airway obstruction is considered a
mild form of SDB. It could be argued that no difference in nasal CPAP adherence was
observed because of lack of statistical power. However, since women with partial
upper airway obstruction predominance tended to continue nasal CPAP therapy more
often than those presenting with a smaller proportion of partial obstruction, a
significant difference would only have strengthened the adherence in favor of partial
obstruction. Therefore, the clinical relevance of partial upper airway obstruction is
supported by the equal CPAP adherence in women with partial obstruction and
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periodic obstructive breathing. Although not shown in the studies of hypertension (Li
et al.,, 2008), women in general might be more likely to comply with the therapy
presented by the doctor compared to men, and this could explain the similar adherenre
to nasal CPAP in women regardless of the severity or type of SDB. However, a recent
study of short-term use of nasal CPAP found no gender differences in adherence to the
therapy (Budhiraja et al., 2007a).

It has to be pointed out that all our study subjects were symptomatic in terms of
symptoms suggesting SDB. Although EDS is the major symptom of SDB, the majority
of subjects, especially the elderly with SDB, do not have EDS (Young et al., 1993).
Further, some patients with a low AHI (below 5) may complain of EDS, which can be
successfully relieved by nasal CPAP (Young et al.,, 1993). Men also had a high
proportion of partial upper airway obstruction but still they tended to adhere better to nasal
CPAP when they had predominant periodic obstructive breathing. This may be due to the
fact that men would be less symptomatic with partial obstruction than with periodic
obstructive breathing. Thus, they were motivated to use the nasal CPAP because of the
better relief of symptoms with predominant periodic obstructive breathing. Studies of
SDB are conventionally done with mostly male populations using methods that do not
measure partial upper airway obstruction, and studies of partial upper airway obstruction
are few. This may exaggerate the male predominance in SDB and underestimate the
degree of upper airway obstruction and SDB in women.

Our findings do have clinical relevance. Our results indicate that a symptomatic patient
with a low AHI may have partial upper airway obstruction that should and can be
successfully treated with nasal CPAP. This should be taken into consideration
especially with elderly, obese and female patients. SDB in females is probably
underestimated, and the AHI is not a good marker for the entire range of SDB.

2.2. Differences in co-morbidity

Our results show that the total burden of unadjusted co-morbidity of male-female pairs
with suspicion of SDB is heavy. Especially diabetes, hypertension, coronary disease,
asthma and/or COPD and hypothyroidism were common in both genders. Men had
more diabetes and less hypothyroidism than women. The high co-morbidity in general
is not surprising because our study population consisted of clinical subjects with
symptoms, not the general population. Symptoms fitting SDB may also have been due
to other diseases. On the other hand, the general population used as controls was not
“SDB-free” (as explained in section 1.1.), a fact which probably diminished the
differences between the study and the general population. The obesity of our study
population probably augmented the co-morbidity burden. Both diabetes and
hypothyroidism have been more prevalent in studies of patients with SDB. The gender
difference in terms of hypothyroidism is in agreement with previous studies of the
general population (Aoki et al., 2007). The higher prevalence of diabetes in males
compared to females is not in line with previous data when taking into account the fact
that the pairs were age- and BMI-matched (Narayan et al., 2003). Because of non-
adjustment of other confounding factors no further conclusions can be drawn.
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The present study shows a clearly increased prevalence of cardiovascular diseases
(hypertension and arrhythmia), diabetes, asthma and/or COPD and hypothyroidism in
patients with SDB in both genders when compared to the general Finnish population.
There were some differences in the impact of age and BMI between genders
concerning co-morbidities. The novelty of our results was that the co-morbidity profile
of partial upper airway obstruction differed from that of obstructive sleep apnea. After
adjustment for age and gender, partial upper airway obstruction was associated with a
higher prevalence of asthma and/or COPD in both genders, and lower prevalence of
hypertension in females, when compared to periodic obstructive breathing. Otherwise
the disease profiles were the same in patients with predominantly partial upper airway
obstruction or periodic obstructive breathing.

Cardiovascular diseases, especially hypertension, have been associated with SDB in
many large, controled studies. SDB has been found to be an independent risk factor for
hypertension, the risk being two- to three-fold compared to patients without SDB. The
risk of hypertension in our patients with SDB was with in roughly the same range. In
previous studies, male patients have dominated, or either male only or female only
study populations have been used, and thus no clear gender differences have been
found. Contrary to the majority of other studies, we found that women with partial
upper airway obstruction had reduced prevalence of hypertension compared to women
with periodic obstructive breathing predominance. In men, the odds ratio was 0.8,
suggesting that less hypertension was also associated with partial upper airway
obstruction. However, the difference was not significant. In the cross-sectional
population study of Bixler and co-workers, SDB was associated with increased risk of
hypertension in young and middle-aged patients without any gender differences except
that snoring postmenopausal women with hormone therapy had a reduced risk of
hypertension (Bixler et al., 2000). The same effect was not seen if SDB was more
severe in postmenopausal women using hormone therapy. One could hypothesize that
snoring postmenopausal women had suffered from partial upper airway obstruction and
been thus protected from hypertension.

In the population-based case control study of Hedner and co-workers, SDB was
independently associated with hypertension regardless of the severity of SDB (Hedner
et al., 2006). This connection was found only in men, but not in women, indicating that
there may be gender dependence in the development of hypertension in patients with
SDB. They suggested two possible explanations for the lack of association between
hypertension and SDB in a female population. First, the methodology used for nasal
airflow measurement in their study differed from previous studies since they used both
a nasal pressure cannula and a thermistor. The nasal pressure cannula is more sensitive
in detecting restricted airflow than thermistors (Aittokallio et al., 2001; Teichtahl et al.,
2003), and hence a larger number of patients with mild SDB were likely to be included
in the study (Hedner et al., 2006). The SCSB used in our study is a powerful method to
detect partial upper airway obstruction. Second, a dilution of the association between
hypertension and SDB in women could have resulted from the fact that the women
were mostly postmenopausal, and postmenopausal women have SDB more often than
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premenopausal women. Therefore, this could have accounted for the proportionally
higher number of women in their study (Hedner et al., 2006).

The reasons for less hypertension in women with partial upper airway obstruction are
not clear. If partial upper airway obstruction was considered a mild form of SDB, it
could affect the overall health of patients less. However, we have already discussed the
fact that nasal CPAP therapy adherence was the same in patients with partial upper
airway obstruction and those with periodic obstructive breathing. In addition, other co-
morbidities in our study were no less associated with partial upper airway obstruction
than periodic obstructive breathing. These findings suggest the theory that partial upper
airway obstruction is not mild SDB.

Partial upper airway obstruction during sleep is associated with increased
transcutaneously measured carbon dioxide (CO,) levels (Rauhala et al., 2007). One
possible hypothesis for explaining less hypertension in partial upper airway obstruction
is CO, —coupled autoregulation of blood flow (Lavi et al., 2003; Lavi et al., 2006). By
increasing arterial CO,, partial upper airway obstruction could enhance local
vasodilation and therefore protect against hypertension. Low sympathetic activity
associating with high arterial pCO, could be another factor. The possibility of
interaction between partial upper airway obstruction and the endothelial function
makes this preliminary finding of special interest. Further studies are needed first to
replicate this finding.

Chronic arrhythmias (including ventricular and supraventricular tachycardia and atrial
fibrillation), were about two times more prevalent in male patients with SDB compared
with the general Finnish male population, but no correlation was seen in women. This
is consistent with previous studies. Atrial fibrillation is the most frequently studied
type of arrhythmia that has been connected to SDB. However, the gender difference
seen in our study is a novel finding. In addition to SDB, obesity and nocturnal
desaturations have also predicted atrial fibrillation (Gami et al., 2007). In our study,
obesity was present and male patients had more conventional apneas, probably with
deeper desaturations during the night than female patients, thus explaining the gender
difference. The type of SDB did not have any correlation with chronic arrhythmias.

In the present study, diabetes mellitus was two to three times more prevalent in males
with SDB than in general, and increasing age but not BMI explained this connection.
The type of SDB did not have any correlation. Among the female population the
prevalence of diabetes was the same as in the general female Finnish population. The
higher prevalence of diabetes or the markers of diabetes have been found in several
studies, but gender differences only in two recent ones. Tuomilehto and co-workers
found, in a population-based cross-sectional study, an association between SDB and
diabetes in men but not in women after adjustment for age, BMI, smoking and central
nervous system-affecting medication (Tuomilehto et al., 2008). They explained that the
female group was overrepresented with women over 65 years, diminishing the
association. This does not explain our results because only 21.5% of women in the
pairs were over 65 years. In a Nordic questionnaire study, the results were opposite to
the Finnish study regarding the gender difference (Valham et al., 2008). Both snoring
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and witnessed apneas were related to diabetes in women regardless of the age group,
but in men, only those younger than 55 years were witnessed apneas related to a four-
fold risk of diabetes (Valham et al., 2008). They argued that hormonal factors (for
example, co-existing or previous polycystic ovary syndrome) could explain some of
the gender difference, or that male subjects over 65 years have more illnesses and a
shorter life expectancy than their female counterparts (Valham et al., 2008). In our
study, 78.5% of men were younger than 65 years, and 42.9% were younger than 55
years. Therefore, there was no overrepresentation of elderly men.

The present study shows that the prevalence of asthma and/or COPD in male and
female patients with SDB was seven-fold compared to the age- and gender-
standardized general population. Partial upper airway obstruction was related to a
three-fold risk of asthma and/or COPD in both genders. A higher prevalence of asthma
and/or COPD has been reported previously, but not consistently. In agreement with our
study, no major gender differences have been found in associations between SDB and
asthma and/or COPD. Because the sleep recordings were performed in a pulmonary
clinic, referral bias could have occurred.

Obesity and GER are shared risk factors for SDB and asthma. Weight reduction
improves pulmonary mechanics and contributes to a better control of airways
obstruction (Hakala et al., 2000; Tantisira and Weiss, 2001; Gunnbjornsdottir et al.,
2004). Inflammation-mediating cytokines (tumor necrosisfactor-alpha and interleukin-
1) are associated with asthma and obesity, as well as with increased sleepiness
(Tantisira and Weiss, 2001). However, in our study, the high BMI in both men and
women did not explain the high prevalence of asthma and/or COPD. Because
medicines for GER are not included in reimbursed medications, we were not able to
disclose the impact of GER on asthma patients in our study population. The quality of
sleep in patients with asthma and/or COPD is often poor (Janson et al., 1996;
Saaresranta et al., 2005). Because of this, the combined symptom burden of our study
population may have been high, resulting in more referrals to sleep studies.

In the present study, hypothyroidism was nearly three times more prevalent in women
with SDB than in the general population. Increasing age and BMI, but not the type of
SDB, independently associated with hypothyroidism in women but not in men.
Previous studies of hypothyroidism are sparse, populations are small, gender
differences have not been assessed, and the results of associations between SDB and
hypothyroidism are inconsistent. Our results are consistent with previous studies
showing the higher prevalence of hypothyroidism in women than in men. Increasing
age and BMI have been linked with a higher prevalence of hypothyroidism because
weight gain is often found in hypothyroidism. Our finding of gender difference in age-
and BMI-matched pairs has not been reported before.

Clinically, it is important to diagnose and treat the co-morbidities of SDB regardless of
wheather the patient has partial upper airway obstruction or periodic obstructive
breathing. With the exception of hypertension, partial upper airway obstruction is no
less related to co-morbidities than periodic obstructive breathing, which is
conventionally considered a more severe form of SDB, and thus supposed to be more
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closely linked with co-morbidities. Our clinical practice of treating patients with
symptomatic SDB even with a low AHI seems to be relevant.

3.  Menopausal differences

3.1. SDB in pre- and postmenopausal women

The prevalence of SDB was high in both pre- (79.4%) and postmenopausal (86.2%)
women in the present study. The SDB was less severe in premenopausal than in
postmenopausal women with different SDB cut-off points, and the same tendency was
also observed in nocturnal desaturations. In women with SDB, partial upper airway
obstruction was more common in postmenopausal (66.1%) than in premenopausal
(50.9%) women, but no difference in periodic obstructive breathing was seen between
the groups. The higher prevalence and increasing severity of SDB in terms of the AHI
in postmenopausal than in premenopausal women have been recognised earlier. The
older studies did not have consistent results, but the recent large population studies
with careful adjustments and taking into account the use of hormone therapy, show that
menopause has an impact on the prevalence of SDB (measured either by AHI alone or
combined with major symptoms of SDB). The prevalences of SDB measured with an
AHI greater than 5 or 10 have varied between 20-32% and 49-68% in a clinical
population of pre- and postmenopausal women, respectively (Dancey et al., 2001;
Resta et al., 2003). Further, one study found SDB in 83% of postmenopausal women
who complained of chronic insomnia (Guilleminault et al., 2002).

Our results exceeded Dancey’s and Resta’s prevalence figures when measured with
findings of SDB more than 5% of TIB. With a cut-off point of more than 20% of TIB,
the results are more or less the same as those of Dancey and Resta, our figures being
46.7% in premenopausal and 61.2% in postmenopausal women. When using ODI, over
5/h or AHI, over 5 as the measures for prevalence of SDB in our study population, the
figures were clearly smaller. This could refer to the methodology used in our and in
other studies, the SCSB being a better method to estimate the prevalence and severity
of SDB compared to conventional polygraphic sleep studies. The high prevalence of
SDB in our clinical population may reflect too strict referral criteria for sleep studies
and underdiagnosis of SDB especially in the female population. Women tend to
express their sleepiness of SDB differently from men, and they are also less likely to
report restless sleep or witnessed apneas during sleep than men (Redline et al., 1994;
Kapsimalis and Kryger, 2002a; Valipuor et al., 2007). The under-reporting of typical
symptoms of SDB may explain the more delayed diagnosis of SDB in women and the
strict referral criteria for sleep studies.

Our results are strong in that we had a large female population of 601 women whose
menopausal status was defined very carefully by other means (age, history of
ovariectomy and menstruation) than hormone levels, due to our retrospective study
designs. The use of HT seems to alleviate SDB in postmenopausal women, reinforcing
the idea that gender differences can be partly due to different levels of sex hormones
(Bixler et al., 2001; Shahar et al., 2003). In fact, postmenopausal women with HT have
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the same prevalence of SDB than premenopausal ones, while postmenopausal women
without HT have nearly as much SDB as men (Bixler et al., 2001). Unfortunately, we
were not able to calculate the exact number of women who used HT despite the
questionnaire sent to the women. Therefore, we used an estimation based on the
answers to the questionnaire that 40% of postmenopausal women had been previously
or currently on HT (estrogen or progesterone alone or combined). Additional statistical
analyses were performed to address this problem. The same statistical anlyses were
performed including only HT-nonusers as regarding the major findings, and there were
no changes in the results.

In addition to age and HT, obesity, smoking, nasal congestion or gynecological
diseases may influence the prevalence of SDB. Obesity and upper body fat distribution
with large neck circumference are thought to be risk factors for SDB (Millman et al.,
1995; Dancey et al., 2001; Resta et al., 2003). After menopause women tend to gain
weight perhaps due to hormonal changes, and this predisposes postmenopausal women
to SDB (Young et al., 1993; Duran et al., 2001; Ip et al., 2004). In the present study,
BMI was high (> 30 kg/m?) in both pre- and postmenpausal women but neither BMI
nor neck circumference differed between the groups. Thus, obesity can not explain the
difference in severity seen in our study, but it may have increased the overall
prevalence of SDB.

Smoking is considered to be one of the risk factors for SDB even after controling for
other confounders (Wetter et al., 1994; Lindberg et al., 1998). In our study, previous or
current smoking was more frequent in premenopausal (40.5%) than in postmenopausal
women (23.6%), a fact which could inrease the possibility of SDB in pre- but not in
postmenopausal women. Thus, in our study, smoking does not explain the greater
severity of SDB in postmenopausal women, but it may have increased the prevalence
of partial upper airway obstruction seen in premenopausal women. However, no
differences were observed in spirometry values between postmenopausal and
premenopausal women when lung volumes were expressed as percentages of predicted
values.

Nasal obstruction is thought to be a risk for SDB and it has been most strongly linked
with snoring regardless of AHI levels (Young et al., 2001; Liistro et al., 2003).
Treatment of nasal congestion has reduced mouth breathing and the severity of SDB
(Mclean et al., 2005). In our study, self-reported nasal congestion was a more common
feature in premenopausal than in postmenopausal women, probably indicating the
higher levels of estrogen (Haeggstrom et al., 2000).

Polycystic ovary syndrome is an endocrine disorder increasing the risk of SDB up to
30 times compared to women without PCOS (Vgontzas et al., 2001; Fogel et al., 2001).
We found no differences between pre- and postmenopausal groups in history of PCOS,
based on the results of the questionnaire.
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3.2. Impact of menopause on symptoms of SDB

The frequencies of signs and symptoms of SDB did not differ between pre- and
postmenopausal women, which is not surprising as all the women were referred to
sleep studies because of suspicion of SDB. Nasal congestion was the only symptom
that was significantly more prevalent in premenopausal than in postmenopausal women
as stated in the previous section. In addition to possible estrogen influence, self-
reported allergic rhinitis was common in both groups of women and may partly explain
the nasal obstruction.

Increasing BMI explained EDS and snoring when adjusted for age, menopause, nightly
desaturations, smoking and AHl.. This is consistent with previous studies (Vgontzas
et al., 1998). Contrary to our initial hypothesis, we found no menopausal impact on
signs and symptoms of SDB in women. Neither the characteristics of the studied
women (except age naturally) nor gynecological disecases showed any differences
between the groups. Age is a powerful confounder. We tried to focus on this problem
by analyzing separately the age group of 45-55 years with both pre- and
postmenopausal women, and carried out the multivariate analyses of the different types
of periodic breathing patterns, the signs and symptoms of SDB and concomitant
diseases without adjusting for age (data not shown). This analysis did not alter our
results and we did not find any interaction between age and menopausal state, either.
Other factors including definition of menopause, BMI, neck circumference and referral
bias that might have interacted with the menopausal impact on SDB have been
discussed above.

3.3. Differences in co-morbidity

In the present study, the general co-morbidity burden of postmenopausal women was
greater than in premenopausal women: they had cardiovascular diseases, diabetes,
glaucoma and rheumatoid diseases more often than premenopausal women. This is not
surprising considering that age and obesity are strong risk factors in the majority of the
diseases addressed in our study. Increasing BMI and age logically explained many of
the increased co-morbidity prevalences in the entire female study population. However,
a high BMI does not explain the greater co-morbidity of postmenopausal women
because premenopausal women were as obese as their postmenopausal counterparts.
SDB per se did not associate with co-morbidities after controling for other
confounders.

Our results show an increased prevalence of diabetes, hypothyroidism and psychosis in
postmenopausal women with SDB, coronary heart disease in premenopausal women
with SDB and hypertension, asthma and/or COPD in both compared to the general
Finnish age-matched female population. These mnovel results increase our
understanding since no previous studies have assessed the impact of menopause in
women with SDB and its associations with co-morbidity. Although the study
population of 601 women was originally large, the numbers of women suffering from
SDB and a particular disease and belonging to either of the menopausal groups
dropped to a rather small number (0-9). This was the case especially in the group of
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premenopausal women and may have resulted in some statistical biases. This may be
one explanation for the ten times higher prevalence of chronic coronary heart disease
in premenopausal women (n=7) with SDB compared to the general Finnish
premenopausal female population.

Asthma and/or COPD were associated with four- and seven-fold risks in post- and
premenopausal women with SDB, respectively. This is consistent with our findings in
the previous section concerning gender differences with the same model. In the same
way, hypertension was found to have two- and four-fold risks, with premenopausal
women with SDB having the latter. Although the prevalence of diabetes in the women
of the male-female pairs was no different from that of the general population,
postmenopausal women with SDB had double the risk of diabetes compared to the
general postmenopausal women. Aging and obesity increase the probability DM type 2
(Elmasry et al., 2000; Lammi et al., 2007). In the multivariate analysis, increasing BMI
but not age explained the prevalence of diabetes.

Interestingly, psychosis was twice as prevalent in our postmenopausal women as
generally. From previous studies it is known that to some extent depression, psychosis
and SDB are associated and that psychotic disorders are associated with metabolic
abnormalities which are also common in patients with SDB (Saunamaiki and Jehkonen,
2007; Suvisaari et al., 2007). These possible combined morbidities in the same
postmenopausal women, might partly explain our finding.
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SUMMARY AND CONCLUSIONS

SDB has been considered conventionally a “male” disease with episodes of apnea and
hypopnea during sleep. Women with SDB have been missed or underdiagnosed
because of their different symptom profile from men. The conventional
polysomnogram with thermistors is not able to detect partial upper airway obstruction.
Partial upper airway obstruction has been suggested to be a mild form of SDB and the
patient has been left without treatment. There is quite a large and increasing body of
data on co-morbidities of SDB, and even mild SDB has been linked with risk of co-
morbidities and increased mortality. Therefore, the clinical relevance of partial upper
airway obstruction is important. However, the data assessing partial upper airway
obstruction are scarce. The aim of the present work was to inestigate the differences in
presentation, symptoms and co-morbidity of SDB between the genders and between
pre- and postmenopausal women. Additionally, the clinical relevance of partial upper
airway obstruction compared to periodic obstructive breathing (sleep apnea) was
assessed using static-charge-sensitive bed (SCSB) recordings.

The main conclusions were the following:

1) The signs and symptoms of SDB were similar between pre- and postmenopausal
symptomatic women. The prevalence of SDB was high in both groups. SDB affected a
greater proportion of nocturnal sleep time in postmenopausal than in premenopausal
women, although the prevalence of SDB did not differ between these female groups
referred for sleep studies due to suspicion of SDB. The results emphasize the importance
of partial upper airway obstruction as a cause of symptoms in female SDB.

2) Partial upper airway obstruction and periodic obstructive breathing (sleep apnea)
have distinct evolutions with increasing age or BMI in both men and women. In
women, there is a consistently increasing susceptibility to partial upper airway
obstruction after the age of 65 years over the whole BMI range, whereas in men, partial
obstruction associates with the combination of high age and high BMI. These findings
are likely to reflect gender differences in the ventilatory and upper airway control
during sleep or in the arousal threshold, and further increase the concerns about using
the AHI as the only marker of upper airway obstruction during sleep or as the index of
its severity.

3) Partial upper airway obstruction is common in both sexes, but particularly in
women. Differences in the types of breathing abnormalities probably reflect gender
differences in the pathophysiology of upper airway control during sleep. The long-term
adherence to nasal CPAP therapy was equally good in patients with predominance of
partial upper airway obstruction or with conventional periodic obstruction during sleep.
This implies that partial upper airway obstruction is not a mild form of SDB.

4) Concomitant diseases were common in both male and female clinical populations.
The prevalence of asthma and /or COPD was seven-fold and the prevalence of
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hypertension two-fold in both genders compared to the general age- and gender-
matched population. Additionally, in men with SDB, diabetes and chronic arrhythmias
were two- to three-fold more prevalent than in men generally. In women with SDB,
hypothyroidism was three times more common than in women in general. The results
emphasize the importance of the diagnosis and treatment of co-morbidities such as
asthma, COPD, hypertension and hypothyroidism in both male and female patients
with SDB.

5) The concomitant diseases were more common in postmenopausal than in
premenpausal women. In both groups, the prevalence of hypertension was two to four
times and the prevalence of asthma and/or COPD four to seven times more common
than in age-matched Finnish women. In addition, postmenopausal women had a two-
fold risk of diabetes, hypothyroidism and psychosis compared to age-matched
postmenopausal women in general. The results futher strengthen the high co-morbidity
burden associated with SDB.

6) Partial upper airway obstruction was associated with a higher prevalence of asthma
and/or COPD in both genders, and a lower prevalence of hypertension in women when
compared to obstructive sleep apnea. The study showed that partial upper airway
obstruction was no less related to co-morbidities than periodic obstructive breathing,
which is conventionally considered as a severe form of sleep apnea, and thus thought
to be more often related to co-morbidities. An interesting finding was that partial upper
airway obstruction was related to reduced prevalence of hypertension in women. The
results emphasize the importance of the diagnosis and treatment of co-morbidities
regardless of whether the patient has partial upper airway obstruction or frank sleep
apnea.
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APPENDICES

Appendix 1. The subset of the Questionnaire used in the studies. The entire
questionnaire included 107 items.

QUESTIONNAIRE
1. Marital status:
1. unmarried
2. married
3. cohabiting
4. divorced
5. widow
2. Do you work?
1. vyes
2. no; 1)unemployed
2) retired
3. Education:
1. elementary school
2. intermediate school
3. high school
4. vocational school
5. professional college
6. university graduate
4. Have you ever smoked daily? (more than 6 months)
1. yes
2. no
5. How many years have you smoked altogether?

(take into account periods of six months or longer, give your best estimate in

years)
years
6. How much do you smoke now or did smoke before quitting during one
day?
How many/day?
Cigarettes cigarettes
Pipe pipes

Cigars cigars
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7. When did you smoke for the last time?
1. yesterday or today
2. two days — a month ago
3. more than one month — half a year ago
4. more than half a year — one year ago
5. more than one year ago; which year? 19
8. The use of alcoholic beverages during the last six months:
1. none
2. 0-6 bottles of beer per week or the same amount of some other alcohol
3. 7-14 bottles of beer, 1-2 bottles of wine, ¥2-1 bottles of liquor or the same
amount of some other alcohol per week
4. 15-24 bottles beer, 2-4 bottles of wine or 1-2 bottles of liquor per week
9. The average use of alcoholic beverages during your youth:
1. none
2. rarely
3. afew times per month
4. on weekends
5. almost daily or several times per week
10. Coffee consumption:
1. none
2. occasionally
3. less than 10 cups per day
4. more than 10 cups per day
11. Have you ever had a cough with wheezing or whistling?
1. no
2. yes, at what age? (one or more answers)
1) before school age (under 7 years)
2) school age (7-18 years)
3) adult (over 18 years)
12. Have you ever had asthma?
I. no
2. yes; Has a doctor diagnosed your asthma?
1) no
2) yes,in 19 (give your best estimate)
13. Have you had a long-lasting cough or increased bronchial mucus?

1. never
2. during the last 12 months
3. earlier than the last 12 months
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14.

15.

16.

17.

18.

19.

20.

Have you had recurrent or chronic nasal symptoms (sneezing, runny or
stuffy nose) not related to a cold or “flu”?

1. no
2. yes

Have you ever had “hay fever” or other allergic nasal symptoms (sneezing,
itchy, runny nose) e.g. from pollen or animals?

1. no

2. yes; Were you told by the doctor that you have hay fever or nasal allergy?
1) no
2) yes

3) Icannot say
At what age have you had recurrent nasal symptoms or nasal allergy?

1. before school age (under 7 years)
2. school age (7-18 years)
3. adult (over 18 years)

Have you had recurrent chest infections?

1. no
I cannot say
3. yes; At what age? (one or more answers)
1) Dbefore school age (under 7 years)
2) school age (7-18 years)
3) adult (over 18 years)

Have you ever had throat or laryngeal symptoms without tonsillitis, cold
or other chest infection?

1. no
2. yes

At what age did you have throat or laryngeal symptoms described in
question 18?
(one or more answers)

1. before school age (under 7 years)
2. school age (7-18 years)
3. adult (over 18 years)

Have you ever had irritation of the eyes (watering, itching, redness) also at
times when you did not have a cold or “flu”?

1. no
2. yes
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21.

22.

23.

23.

25.

26.

27.

28.

29.

Have you ever had allergic eye symptoms (watering, itching, redness,
swelling of eyelids etc.) e.g. from pollen or animals?

1. no

2. yes; Were you told by a doctor that you have an allergic eye condition?
1) no
2) yes

3) Icannot say
Do your relatives (grandparents, parents, siblings) have nightly snoring,
apneas during sleep or excessive daytime sleepiness?

1. no
2. yes, who does?

If your relatives have had symptoms of sleep apnea, have these been
investigated?

1. no
2. yes

If your relatives have been investigated because of symptoms of sleep
apnea, have they been diagnosed with sleep apnea?

1. no

2. yes

Have you had orthodontic treatment?

1. no
2. yes

Have you had any type of nasal surgery?

I. no
2. yes

Have you had tonsillectomy?

1. no

2. yes, at what age? years of age
What is your

1. length cm

2. weight kg

What was your weight at

1. 20 years of age kg
2. 30 years of age kg
3. 40 years of age kg
4. 50 years of age kg
5. 60 years of age kg
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30.

31.

32.

33.

33.

3S.

36.

Mark the number if you suffer from:

1. rheumatoid arthritis

2. fibromyalgia

3. other connective tissue disease

4. acromegaly

5. diabetes

6. hypothyroidism or hyperthyroidism

Do you have other diseases and which ones?

Medication in use:

1. none
2. yes,
Names of the drugs:

Do you use complementary or alternative medication?

1. no
2. yes
Names of the
medication:

Have you been bothered by restless legs, pain or an unpleasant feeling
when you are in bed?

1. no
2. sometimes
3. always or almost regularly (5-7 nights per week)

Do you wake up in the middle of the night because you have to move your
legs because of pain or unpleasant feeling in your legs? Does this kind of
feeling cause you insomnia?

I. no
2. sometimes
3. always or almost regularly (5-7 nights per week)

Do you have to walk during the night because of pain or unpleasant feeling
in your legs?

1. no
2. sometimes
3. every night or almost every night (5-7 nights per week)

Hormonal factors can also influence respiration.

37.

Have you been diagnosed with polycystic ovary syndrome (PCOS)?

1. no
2. yes
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38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Have you had difficulties becoming pregnant?

1. no
2. yes

Have you had regular menstruation?

I. no
2. yes

Have you had hormonal therapy before menopause?

I. no
2. yes

Have you had hirsutism or severe acne after adolesence?

1. no
2. yes

Your age at the time of cessation of menses:

Have you used progestin hormone therapy?

1. never
2. yes, name of the drug:

If you have used progestin therapy previously, when have you discontinued
the therapy?

Year
Have you used estrogen hormone therapy?

1. never
2. yes, name of the drug:

How many months or years have you used estrogens during your life?

months or
years

If you have used estrogens previously, when have you discontinued the
therapy?

Year
Have you used vaginal estrogen hormone therapy?

1. never
2. yes, name of the drug:
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49.

50.

51.

52.

53.

54.

5S.

56.

If you have used vaginal estrogen therapy before, when have you
discontinued the therapy?

Year

Have you suffered from menopausal symptoms during the last six months?

1. no
2. seldom
3. often

How long have you suffered from menopausal symptoms during lifetime?

not at all

less than one month
longer than one month
between one to six months
longer than one year
longer than five years

S =

Did you get any therapy for the symptoms of menopause?

1. no
2. yes

How soon after the beginning of the symptoms of menopause did you seek
treatment?

never

within less than one month
between one and six months
after longer than one year
after longer than five years

NS

Have you had a hysterectomy?

1. no
2. yes, year

Have you had an ovariectomy?
I. no

2. unilateral, year

3. bilateral, year

The number of your pregnancies:

1. Dbirths
2. miscarriages
3. abortions
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EVERYBODY should answer the following questions but if you are using a nasal CPAP
device at the moment, please answer the questions as you felt the situation was BEFORE
the nasal CPAP treatment.

57. How often have you woken up from sleep during the last three months?
1. never or less than once per month
2. less than once per week
3. on 1-2 nights per week
4. on 3-5 nights per week
5. every night or almost every night
58. How well have you slept during the last three months?
1. very well
2. quite well
3. not well or badly
4. rather badly
5. badly
59. Have you used sleeping pills (by prescription) during the past three months

in order to fall asleep or to avoid awakenings during the night?

never or less than once per month
less than once per week

on 1-2 evenings per week

on 3-5 evenings per week

every night or almost every night

kWb

The names of the drugs:

60. Do you feel tired in the mornings?

never or less than once per month

less than once per week

on 1-2 mornings per week

on 3-5 mornings per week

every morning or almost every morning

Sk

61. Do you feel tired during the daytime?

never or less than once per month
less than once per week

on 1-2 days per week

on 3-5 days per week

every day or almost every day

kW=
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62.

63.

64.

65.

66.

67.

68.

Have you suffered from a compulsive tendency to fall asleep at work
during the last three months?

never or less than once per month
less than once per week

on 1-2 days per week

on 3-5 days per week

every day or almost every day

SR W=

Have you suffered from a compulsive tendency to fall asleep during your
leisure time during the last three months?

never or less than once per month
less than once per week

on 1-2 days per week

on 3-5 days per week

every day or almost every day

Nkwh =

How often do you take naps?

never or less than once per month
less than once per week

on 1-2 days per week

on 3-5 days per week

every day or almost every day

Ml

If you take naps, how long do your naps usually last?

My naps last hours minutes

Do you snore? (ask your bed partner)

once per month or less

less than once per week

on 1-2 nights per week

on 3-5 nights per week

every night or almost every night

M

Have you had breathing pauses during your sleep (ask your bed partner)?

never or less than once per month
less than once per week

on 1-2 nights per week

on 3-5 nights per week

every night or almost every night

Sk

How many hours do you need to sleep per night (how many hours would
you sleep if you could sleep as long as you wish)?

I need hours and minutes to sleep



112 Appendices

69. Do you have morning headaches?
1. never or less than once per month
2. less than once per week
3. on 1-2 mornings per week
4. on 3-5 mornings per week
5. every morning or almost every morning

70. Do you have symptoms of reflux (e.g. burning in your chest or bad taste in
your mouth)?

1. never or less than once per month
2. less than once per week
3. on 1-2 days per week
4. on 3-5 days per week
5. every day or almost every day
71. Have you noticed (or has somebody else noticed that you have) loss of
memory?
I. no

2. yes
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