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SUMMARY. Obstructive sleep apnoea hypopnoea syndrome (OS-
AHS) is a multifactorial and complex disease. There is a growing
body of evidence demonstrating that genetic factors influence the
expression of OSAHS. Lack of a consistent definition of the OSAHS
phenotype and incomplete understanding of the environmental
influences on its expression hinder progress in determination of the
OSAHS genotype. In order to elucidate its genetic basis, the OSAHS
phenotype can be separated into intermediate phenotypes, based
on craniofacial morphology, obesity, susceptibility to sleepiness,
ventilatory parameters and upper airway control. Identification of
the genetic systems that influence more than one of the intermedi-
ate phenotypes may facilitate better understanding of mechanisms
underlying OSAHS and lead to formulation of pharmacological
interventions. Pneumon 2012, 25(1):114-119.

The obstructive sleep apnoea hypopnoea syndrome (OSAHS) is a sleep
disorder characterized by recurrent episodes of upper airway collapse dur-
ing sleep. These episodes are most often associated with recurrent sleep
arousals and recurrent oxygen desaturation'. OSAHS is a complex disease
with multiple adverse consequences, including increased risk of driving
accidents, cognitive impairment, and cerebrovascular and cardiovascular
morbidity and mortality, and it therefore represents a significant public
health concern.

OSAHS is an increasingly prevalent condition in modern society. Data
from the Wisconsin Cohort Study indicate that the prevalence of OSAHS in
people aged 30-60 years is 9-24% for men and 4-9% for women?2. Studies with
similar design and methodology have found similar rates in populations in
Pennsylvania®** and Spain®. The male-to-female ratio in community-based
studies is 2-3:126, but the prevalence of OSAHS in women appears to increase
after menopause’®. OSAHS increases with age' with an estimated rate of
as high as 65% in a community sample of people aged above 65 years'".

Increasing awareness of high prevalence and consequences of OSASH
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has directed research towards exploration of a potential
genetic basis for this disorder. A familial basis for OSAHS
was first postulated in 19782, since when it has become
clear that OSAHS commonly clusters within families'',
probably due to the familial aggregation of risk fac-
tors involved in the pathophysiology of OSAHS, such as
obesity. Even after accounting for these risk factors, the
over-representation of OSAHS among family members
persists, suggesting that genetic susceptibility plays an
important role in OSAHS pathogenesis™ . Elucidation
of the patterns of gene or protein expression in cells or
tissues related to OSAHS, or the molecular signature, may
provide to the basis for better understanding of individual
predisposition to the disease and its consequences. Ap-
proaches to the assessment of molecular signatures are
depicted in Figure 1'6. Currently, two general approaches
have been used to explore the genetic components of
OSAHS, namely, linkage studies, which study single-gene
disorders, and association studies, which identify genes
involved in polygenic disorders'”'8,

This is a short review of the most clinically relevant
information on genetic and environmental influences in
OSAHS. It does not judge all the newly-available informa-
tion, but summarizes that considered to be of greatest
general interest.

THE COMPLEXITY OF OSAHS

OSAHS is a heterogeneous disorder, the critical patho-
physiological feature of which is sleep-related collapse of
the upper airway at the level of pharynx. The pathophysi-
ology of OSAHS cannot be considered in isolation as a
dysfunction of the upper airway alone, but rather as the
consequence of a number of interrelated risk factors, such
as obesity and ageing'* (Figure 2). It has been estimated
that up to 40% of the variance in the occurrence of OSAHS
is attributable to familial factors, with the remaining 60%
attributable to environmental factors?'.

It has been suggested that the development of OSAHS
begins with snoring, which progresses to increased resist-
ance of the upper airways, to sleep disordered breath-
ing and, finally, to OSAHS. There have been no studies
to verify this model over time or studies of paediatric
patients followed into adulthood to determine whether
OSAHS improves, worsens or recurs after treatment. The
development and progression of OSAHS are different in
older than in younger adults?, and the clinical phenotype
also changes, with older subjects reporting less daytime
sleepiness than younger subjects with an equivalent
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FIGURE 1. Possible ways of assessing molecular signatures
in specific cells or tissues. Adapted with permission from:
Arnardottir et al. Sleep 2009;32:447-70.1
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FIGURE 2. The pathogenesis of obstructive sleep apnoea
hypopnoea syndrome.

severity of OSAHS®,

0SAHS Phenotypes

According to the definition of OSAHS, severity is based
on the degree of daytime sleepiness and overnight moni-
toring of breathing?. Clinicians, however, do not always
agree on how specific respiratory events are identified,
oron the threshold level of the apnoea hypopnoea index
(AHI) that should be judged pathological, or even on what
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symptoms are considered necessary for determining
disease status. There is no universally accepted strategy
for accounting for age or sex-related changes, and AHI
has been shown to be only moderately correlated with
other physiological measurements of OSAHS severity,
such as nocturnal hypoxaemia and sleep fragmentation.
For these reasons the OSAHS definition is not particularly
useful for phenotyping OSAHS.

OSAHS appears to be to be polygenic and a suitable
environment may be required for the OSAHS phenotype
to emerge. Because OSAHS phenotype is difficult to
define, it can be separated into intermediate pheno-
types, which may facilitate the identification of genetic
polymorphisms?. These phenotypes may be based on
factors including craniofacial morphology, obesity and
susceptibility to sleepiness, ventilatory parameters and
upper airway control.

Craniofacial morphology

Craniofacial morphology determines the anatomy,
including the diameter of the upper airways, which is
reduced in OSAHS?. It of note that growth of the crani-
ofacial skeleton continues throughout adulthood and
that the sex of the individual plays a significant role,
as women show increased growth of the craniofacial
skeleton during pregnancy and with other hormonal
changes?. Studies suggest that certain inherited crani-
ofacial abnormalities are linked with the development
of OSAHS%3'. Such anomalies include the cranial base
dimensions being more obtuse, inferior displacement of
the hyoid bone, macroglossia, adenotonsillar hypertrophy,
increase in lower facial height, a retroposed maxilla and
a short mandible®2. Of these, mandibular position and
size appear to play the greatest role in predisposition to
OSAHS %, Inherited craniofacial abnormalities appear to
explain at least a part of the familial clustering of OSAHS.

Many congenital and genetic syndromes are associated
with craniofacial abnormalities, and consequently with
respiratory problems or upper airway obstruction. Among
the commoner of these are Pierre-Robin syndrome and
Treacher-Collins syndrome, both of which are character-
ized by marked retrognathia and a predisposition to OS-
AHS33, Environmental influences, such as thumb-sucking
and abnormal tongue posturing, nasopharyngeal disease,
mouth breathing, tumours, loss of teeth, malnutrition and
certain forms of endocrinopathy may significantly alter the
skeletal morphology and subsequently the phenotypic
expression3%. There is continuous interaction between
genetic and environmental factors in the development
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of the upper airway region® (Figure 3), but the number of
studies evaluating specific genetic polymorphisms that
contribute to craniofacial abnormalities is very limited3>¢.
In mice, craniofacial abnormalities such as retrognathia
and micrognathia were observed in mice deficient in en-
dothelin-1%, with mutations of the retinoic acid receptors
(RARs)*® and of transforming growth factor-f32 (TGF(2)*.

Obesity

Not all forms of obesity play the same role in the de-
velopment of OSAHS. Fat deposition in the neck reduces
nasopharyngeal calibre and may lead to hypoventilation
due to reduced chest wall compliance®. The typical pat-
tern of fat depositionof the male sex in the subcutaneous
regions of the torso and abdomen could be considered as
predictors of OSAHS*'. Katzmarzyk and co-workers found
heritability rates of 29-48% for various indicators of fat
distribution, specifically, body mass index (BMl)-adjusted
waist circumference and ratio of trunk to extremity skinfold
thickness*. Although susceptibility to obesity is largely
genetically determined, with BMI heritability ranging
from 25% to 40%%, an obesogenic environment must
be present for its phenotypic expression. Currently, more
than 300 markers, genes and chromosomal regions have
been documented to be associated with human obesity
phenotypes*. As obesity and OSAHS are closely related*
(Figure 4), any genetic risk factor for obesity can also be
considered a risk factor for OSAHS. Obesity increases the
risk of OSAHS 10 to 14-fold*#”, while weight loss may re-
duce the severity of the condition*. The causal pathways
involved in the relationship between obesity and OSAHS
have not been completely delineated. Considine and
co-workers suggested that there may be a state of leptin
resistance in obese subjects®, as adipose tissue produces
leptin, a hormone that not only has an important effect on
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FIGURE 3. The interaction between genetic and environmental
factors in the development of the upper airway region and
obstructive sleep apnoeahypopnoea syndrome (OSA).
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FIGURE 4. The interaction between obesity and obstructive
sleep apnoea hypopnoea syndrome (OSA).

weight regulation, but may also affect regulation of the
respiratory centre®. Furthermore, a causative relationship
between leptin levels and OSAS has been suggested®'. It
has been argued that the genetics of obesity cannot be
separated from the genetics of OSAHS, but the findings
of genetic studies suggest both common and independ-
ent genetic determinants of obesity and OSAHS*2. Future
targets for intervention will be provided by the discovery
of genes that influence OSAHS through independent
pathways of obesity.

Sleepiness

Although sleepiness is a criterion required for OSAHS
definition, the two are not necessarily correlated, as there is
a differential susceptibility to somnolence among individu-
als. Cytokines that promote sleep and are also implicated
in the sequelae of OSAHS, particularly inflammation, are
interleukin (IL)-1, tumour necrosis factor-a (TNF-a), IL-
10, IL-6, interferon, IL-2, IL-4, granulocyte-macrophage
colony-stimulating factor, colony-stimulating factor and
fibroblast growth factor®>*,

Upper airway control

Reduction in airway muscle tone during sleep leaves
patients with OSAHS more vulnerable to airway obstruc-
tion®. Figure 5 depicts the major parameters contributing
to airway collapse/patency. Although serotonin appears
to be a key neurotransmitter in upper airway dilator
muscle activity, few studies have investigated serotonin
gene polymorphisms in OSAHS*2%5%7, Selective serotonin
reuptake inhibitors (SSRIs) have undergone trials as pos-
sible pharmacological treatment for increasing upper
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FIGURE 5. The major parameters contributing to airway
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airway tone, but the results were mixed-2.

Ventilatory control

Inherited abnormalities of ventilatory control may
predispose to OSAHS by influencing ventilation during
sleep and increasing the propensity to upper airway col-
lapse®®. An inherited basis for ventilatory responsiveness
to hypoxaemia or hypercapnia has been suggested, but
few studies have evaluated ventilatory control in OSAHS
and the results were conflicting®®'. The question as to
whether respiratory control problems are implicated in the
pathogenesis of OSAHS is debatable, but abnormalities of
respiratory control have been attenuated with treatment
with continuous positive airway pressure (CPAP)®2 The
observed ventilatory instability may be acquired and not
necessarily the primary manifestation of the genotype
related to OSAHS.

ENVIRONMENTAL INFLUENCES

Although environmental influences may be significant,
itis difficult to estimate the degree of their contribution.
Recent evidence indicates a higher prevalence of smoking
in patients diagnosed as having OSAHS, and it appears
that cigarette smoke may be an independent risk factor for
OSAHS®%4, Exacerbation of OSAHS may occur as a result of
alcohol ingestion, through reduction of the activity of the
genioglossus muscle, leading to upper airway collapse®,
sedative use, sleep deprivation and sleepingin the supine
posture. Nasal congestion or anatomical defects resulting
in reduced nasal patency, and respiratory allergies, may
all contribute significantly to OSAHS®®.

In conclusion, there is growing evidence that genetic
factors influence the expression of OSAHS. Identifica-
tion of genetic systems that influence more than one of
the intermediate phenotypes of OSAHS may facilitate
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better understanding of the underlying mechanisms. It
should then be possible to use this information to identify
individuals at increased risk for the disorder, allowing
for design of more efficient prevention and screening
programmes. In addition, the elucidation of pathways
to disease development or pathways that are protective
may lead to novel treatment strategies that target the
specific molecular defects.

REFERENCES

1.

Punjabi NM.The epidemiology of adult obstructive sleep apnea.
Proc Am Thorac Soc 2008;5:136-143.

. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The

occurrence of sleep-disordered breathing among middle-aged
adults. N Engl J Med 1993;328:1230-1235.

. Bixler EO, Vgontzas AN, Ten Have T, Tyson K, Kales A. Effects of

age on sleep apnea in men: I. Prevalence and severity. Am J
Respir Crit Care Med 1998;157:144-148.

. Bixler EQ, Vgontzas AN, Lin HM, et al. Prevalence of sleep-

disordered breathing in women: effects of gender. Am J Respir
Crit Care Med 2001;163(3 Pt 1):608-13.

. Durdn J, Esnaola S, Rubio R, Iztueta A. Obstructive sleep apnea-

hypopnea and related clinical features in a population-based
sample of subjects aged 30 to 70 yr. Am J Respir Crit Care Med
2001;163(3 Pt 1):685-689.

. Redline S, Kump K, Tishler PV, Browner |, Ferrette V. Gender dif-

ferences in sleep disordered breathing in a community-based
sample. Am J Respir Crit Care Med 1994;149(3 Pt 1):722-726.

. Hla KM, Young TB, Bidwell T, Palta M, Skatrud JB, Dempsey J.

Sleep apnea and hypertension. A population-based study. Ann
Intern Med 1994;120:382-388.

. Shahar E, Redline S, Young T, et al. Hormone replacement

therapy and sleep-disordered breathing. Am J Respir Crit Care
Med 2003;167:1186-1192.

. Young T, Finn L, Austin D, Peterson A. Menopausal status and

sleep-disordered breathing in the Wisconsin Sleep Cohort Study.
Am J Respir Crit Care Med 2003;167:1181-1185.

. Young T, Shahar E, Nieto FJ, et al. Sleep Heart Health Study

Research Group. Predictors of sleep-disordered breathing in
community-dwelling adults: the Sleep Heart Health Study. Arch
Intern Med 2002;162:893-900.

. Ancoli-Israel S, Kripke DF, Klauber MR, Mason WJ, Fell R, Kaplan

0. Sleep-disordered breathing in community-dwelling elderly.
Sleep 1991;14:486-495

. Strohl KP, Saunders NA, Feldman NT, Hallett M. Obstructive sleep

apnea in family members. N Engl J Med 1978; 299:969-973

. Redline S, Tishler PV, Tosteson TD, et al. The familial aggregation

of obstructive sleep apnea. Am J Respir Crit Care Med 1995;
151:682-687

. Guilleminault C, Partinen M, Hollman K, Powell N, Stoohs R.

Familial aggregates in obstructive sleep apnea syndrome.
Chest 1995; 107:1545-1551

. Mathur R, Douglas NJ. Family studies in patients with the sleep

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

PNEUMON Number 1, Vol. 25, January - March 2012

apnea-hypopnea syndrome. Ann Intern Med 1995; 122:174-178
Arnardottir ES, Mackiewicz M, Gislason T, Teff KL, Pack Al.
Molecular signatures of obstructive sleep apnea in adults: a
review and perspective. Sleep 2009;32:447-70.

Lander E, Kruglyak L. Genetic dissection of complex traits:
guidelines for interpreting and reporting linkage results. Nat
Genet 1995; 11:241-247.

Daly AK, Day CP. Candidate gene case-control association
studies: advantages and potential pitfalls. Br J Clin Pharmacol
2001; 52:489-499.

Strohl KP, Redline S. Recognition of obstructive sleep apnea.
Am J Respir Crit Care Med 1996; 154: 279-289

Davies RJ, Stradling JR. The relationship between neck circum-
ference, radiographic pharyngeal anatomy, and the obstructive
sleep apnoea syndrome. Eur Respir J 1990;3: 509-514.
Redline S, Tishler PV. The genetics of sleep apnea. Sleep Med
Rev 2000;4:583-602

Arens R, Marcus CL. Pathophysiology of upper airway obstruc-
tion: a developmental perspective. Sleep 2004;1;27:997-1019.
Weaver TE, Chasens ER. Continuous positive airway pressure
treatment for sleep apnea in older adults. Sleep Med Rev 2007;
11:99-111.

American Academy of Sleep Medicine Task Force. Sleep related
breathing disorders in adults: recommendations for syndrome
definition and measurement techniques in clinical research.
Sleep 1999; 22: 667-689.

Riha RL, Gislasson T, Diefenbach K. The phenotype and genotype
of adult obstructive sleep apnoea/hypopnoea syndrome. Eur
Respir J 2009;33:646-655.

Lowe AA, Ozbek MM, Miyamoto K, Pae EK, Fleetham JA. Cepha-
lometric and demographic characteristics of obstructive sleep
apnea: an evaluation with partial least squares analysis. Angle
Orthod 1997;67:143-53.

Behrents RG. The biological basis for understanding craniofacial
growth during adulthood. Prog Clin Biol Res 1985; 187:307-319.
Mathur R, Douglas NJ. Family studies in patients with the sleep
apnea hypopnea syndrome. Ann Intern Med 1995;122:174-178
Guilleminault C, Partinen M, Hollman K, Powell N, Stoohs R.
Familial aggregates in obstructive sleep apnea syndrome.
Chest 1995; 107:1545-1551.

Schwab RJ, Pasirstein M, Kaplan L, et al. Family aggregation of up-
per airway soft tissue structures in normal subjects and patients
with sleep apnea. Am J Respir Crit Care Med 2006;173:453-463.
Patel SR, Frame JM, Larkin EK, Redline S. Heritability of upper
airway dimensions derived using acoustic pharyngometry. Eur
Respir J 2008; 32:1304-1308.

Riha RL, Brander P, Vennelle M, Douglas NJ. A cephalometric
comparison of patients with the sleep apnea/hypopnea syn-
drome and their siblings. Sleep 2005;1;28: 315-320.

Miller SD, Glynn SF, Kiely JL, McNicholas WT. The role of nasal
CPAP in obstructive sleep apnoea syndrome due to mandibular
hypoplasia. Respirology 2010; 15:377-379.

Lavie P, Rubin AE. Effects of nasal occlusion on respiration in
sleep. Evidence of inheritability of sleep apnea proneness. Acta
Otolaryngol 1984; 97: 127-130.



PNEUMON Number 1, Vol. 25, January - March 2012

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

Thesleff I. The genetic basis of normal and abnormal crani-
ofacial development. Acta Odontol Scand 1998;56: 321-325.
Mina M. Regulation of mandibular growth and morphogenesis.
Crit Rev Oral Biol Med. 2001;12: 276-300.

KuriharaY, Kurihara H, Suzuki H, et al. Elevated blood pressure
and craniofacial abnormalities in mice deficientin endothelin-1.
Nature 1994, 368: 703-10.

Lohnes D, Mark M, Mendelsohn C, et al. Function of the retinoic
acid receptors (RARs) during development. (I) Craniofacial and
skeletal abnormalities in RAR double mutants. Development
1994, 120:2723-48.

Sanford LP, Ormsby |, Gittenberger-de Groot AC, et al. TGF Beta-2
knockout mice have multiple developmental defects that are
nonoverlapping with other TGF Beta knockout phenotypes.
Development 1997, 124:2659-70.

Crummy F, Piper AJ, Naughton MT. Obesity and the lung: 2. Obe-
sity and sleep-disordered breathing. Thorax 2008;63: 738-746.
Sharma SK, Kurian S, Malik V, et al. A stepped approach for
prediction of obstructive sleep apnea in overtly asymptomatic
obese subjects: a hospital based study. Sleep Med 2004, 5:351-57.
Katzmarzyk PT, Malina RM, Perusse L, et al. Familial resemblance
in fatness and fat distribution. Am J Hum Biol 2000, 12: 395-404.
Bouchard C. Genetics of human obesity: recent results from
linkage studies. J Nutr 1997;127:18875-1890S.

Rankinen T, Zuberi A, Chagnon YC, et al. The human obesity
gene map: the 2005 update. Obesity 2006;14:529-644.
GkiokaT, Steiropoulos P, Trakada G, Bouros D. The Prevalence of
Metabolic Syndrome in patients with Sleep Apnoea Syndrome.
Pneumon 2007; 20:240-244.

Sanders MH, Redline S. Obstructive sleep apnea/hypopnea
syndrome. Curr Treat Options Neurol 1999;4:279-90.

Redline S, Tishler PV, Schuchter M, Aylor J, Clark K, Graham G.
Risk factors for sleep disordered breathing in children. Associa-
tions with obesity, race, and respiratory problems. Am J Respir
Crit Care Med 1999;159:1527-1532.

Smith PL, Gold AR, Meyers DA, Haponik EF, Bleeker ER. Weight
loss in mild to moderately obese patients with obstructive
sleep apnea. Ann Int Med 1985;103:850-855.

Considine RV, Sinha MK, Heiman ML, et al. Serum immuno-
reactive-leptin concentrations in normal-weight and obese
humans. N. Engl. J. Med. 1996; 334: 292-295.

Kapsimalis F, Varouchakis G, Manousaki A, et al. Association
of sleep apnea severity and obesity with insulin resistance,
C-reactive protein, and leptin levels in male patientswith ob-
structive sleep apnea. Lung 2008; 186: 209-217.

. Oikonomides P, Kithreotis P, Rassidakis A, Niklopoulos J, Baka-

kos P. Leptin levels and anthropometric characteristics of
patients with obstructive sleep apnea syndrome. Pneumon
2006; 19:124-130.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

119

Larkin EK, Patel SR, Elston RC, Gray-McGuire C, Zhu X, Redline
S. Using linkage analysis to identify quantitative trait loci for
sleep apnea in relationship to body mass index. Ann Hum
Genet 2008;72:762-773.

Krueger JM, Majde JA. Humoral links between sleep and the im-
mune system: research issues. Ann NY Acad Sci 2003; 992: 9-20.
Williams A, Scharf SM. Obstructive sleep apnea, cardiovascular
disease, and inflammation - is NF-kB the key? Sleep Breath
2007; 11: 69-76.

Campana L, Eckert DJ, Patel SR, Malhotra A. Pathophysiology
& genetics of obstructive sleep apnoea. Indian J Med Res
2010;131:176-187.

Bayazit YA, Yilmaz M, CiftciT, et al. Association of the -1438G/A
polymorphism of the 5-HT2A receptor gene with obstructive
sleep apnea syndrome. ORL J Otorhinolaryngol Relat Spec
2006;68:123-128.

Sakai K, Takada T, Nakayama H, et al. Serotonin-2A and 2C recep-
tor gene polymorphisms in Japanese patients with obstructive
sleep apnea. Intern Med 2005; 44:928-933.

Kraiczi H, Hedner J, Dahl6f P, Ejnell H, Carlson J. Effect of sero-
tonin uptake inhibition on breathing during sleep and daytime
symptoms in obstructive sleep apnea. Sleep 1999; 22: 61-67.
Younes M, Ostrowski M, Thompson W, Leslie C, Shewchuk W.
Chemical control stability in patients with obstructive sleep
apnea. Am J Respir Crit Care Med 2001; 163:1181-1190.
Redline S, Leitner J, Arnold J, Tishler PV, Altose MD. Ventilatory-
control abnormalities in familial sleep apnea. Am J Respir Crit
Care Med 1997;156:155-160.

Javaheri S, Colangelo G, Corser B, Zahedpour MR. Familial
respiratory chemosensitivity does not predict hypercapnia of
patients with sleep apnea- hypopnea syndrome. Am Rev Respir
Dis 1992;145:837-840.

Salloum A, Rowley JA, Mateika JH, et al. Increased propensity
for central apnea in patients with obstructive sleep apnea: ef-
fect of nasal continuous positive airway pressure. Am J Respir
Crit Care Med 2010; 181:189-193.

Kashyap R, Hock LM, Bowman TJ. Higher prevalence of smok-
ing in patients diagnosed as having obstructive sleep apnea.
Sleep Breath 2001;5:167-72.

Hoflstein V. Relationship between smoking and sleep apnea
in clinic population. Sleep 2002 Aug 1;25:519-24.

Scanlan MF, Roebuck T, Little PJ, Redman JR, Naughton MT.
Effect of moderate alcohol upon obstructive sleep apnoea.
Eur Respir J 2000; 16: 909-913.

Lavie P, Fischel N, Zomer J, Eliaschar I. The effects of partial
and complete mechanical occlusion of the nasal passages
on sleep structure and breathing in sleep. Acta Otolaryngol
1983; 95: 161-166.



