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Co-morbidities associated with obstructive sleep apnea
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ABSTRACT
There are many co-morbid conditions that are associated with obstructive sleep apnea
(OSA). Though a causative relationship between OSA and some of the co-morbidities
is well established or strongly associated, many risk factors of OSA (age, male gender
and obesity) are also known risk factors especially for cardiovascular diseases. Other
important co-morbid conditions associated with OSA are neurocognitive dysfunction
and, erectile dysfunction. Recently there are reports that ocular manifestations are
associated with OSA. It is expected that more co-morbidities will be reported in OSA as
the research in this area progresses.
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INTRODUCTION
OSA is the repetitive interruption
of ventilation during sleep as a result of
collapse of the pharyngeal airway. The
most important co-morbidities associated
with OSA are cardiovascular and
cerebrovascular diseases, and
neurocognitive dysfunction. The main
cardiovascular morbidities reported in
OSA are systemic hypertension,
pulmonary hypertension, cardiac
arrhythmias, cardiovascular mortality,
heart failure and stroke. Motor vehicle
accidents are also important
consequences in OSA (1).
OSA and cardiovascular diseases :
OSA has been shown to increase
the risk for systemic hypertension,
pulmonary vascular disease, ischemic
heart disease, cerebral vascular disease,
congestive heart failure and arrhythmias
(1, 2). However, a causal relationship
remains controversial. Many risk factor
of OSA (age, male gender and obesity) are
also known risk factors for cardiovascular
disease. OSA is also associated with
conditions (diabetic mellitus and
hypertension) that are known to increase
the risk for cardiovascular disease.
Therefore, it is difﬁcult to prove whether
OSA independently causes cardiovascular
disease or not in these conditions.
a) Systemic hypertension :
In normal individuals, sleep is
associated with a reduced blood pressure

compared to wakefulness and this is
known as “Dipping” phenomenon. In
normal individuals, systolic and diastolic
blood pressure may decline as much as 1015%. Sleep apnea has been found to blunt
the dipping of blood pressure during
sleep. Disordered breathing during sleep
has also been found to be associated with
acute peripheral vasoconstriction and rise
in blood pressure during sleep (3).
Several studies have shown that OSA
increases the relative risk of hypertension
independent of other confounding factors.
Sleep Heart Health Study (SHHS) in a
cross sectional analysis of > 6000 patients
has shown a linear relationship between
systolic and diastolic blood pressure and
OSA severity (4). A Canadian population
based study involving 2677 adults aged
20-85 years, had shown that each apneic
event per hour increased the odds of
hypertension by 1% and each 10%
reduction in nocturnal O 2 saturation
increased the likelihood of hypertension
developing by 13% (5). As the above
studies were cross sectional in nature
linking sleep-disordered breathing to
chronically elevated blood pressure, a
prospective, population-based study was
conducted to know the association
between objectively measured sleepdisordered breathing and hypertension
(6). This Wisconsin sleep cohort study in
709 participants had demonstrated a doseresponse association between sleep
disordered breathing at baseline and the
presence of hypertension four years later.
This was independent of known
compounding factors. Peppard et al found
a dose-response association between
sleep-disordered breathing at base line
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and the presence of hypertension four
years later that was independent of known
confounding factors (6). This study
suggested that sleep disordered breathing
is likely to be a risk factor for hypertension
and consequent cardiovascular morbidity
in the general population (6). In another
prospective study of 2470 participants of
SHHS aged > 40 years without baseline
hypertension and not on antihypertensive
medication, it has been shown that there is
a signiﬁcant relationship between the risk
of developing hypertension and OSA.
However, this association was lost after
adjustment for BMI. A moderate
inﬂuence of an AHI > 30 on hypertension
could not be excluded in this study (7).
Continuous positive airway pressure
(CPAP) has been shown to acutely
attenuate sympathetic drive and nocturnal
BP in OSA (8). Observational studies
from uncontrolled and highly selected
populations have suggested improvement
in BP control with CPAP (9). A metaanalysis of 12 placebo-controlled
randomized trails (n = 572) found a
statistically pooled reduction in mean BP
of 1.69 mm Hg with CPAP treatment (10).
Most of these trials were limited to
normotensive individuals. The seventh
report of the Joint Committee on
Prevention, Detection, Evaluation and
Treatment of High Blood Pressure (JNCVII) has listed sleep apnea as a signiﬁcant
cause of secondary hypertension (11).
b) Pulmonary hypertension :
Pulmonary hypertension is
deﬁned as a mean pulmonary arterial
pressure>25 mm Hg at rest or >30 mm Hg
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with exercise as measured by
right heart catheterization. It has
been demonstrated that hypoxic
vasoconstriction over time may result in
pulmonary vascular remodeling,
contributing to the development of
pulmonary hypertension, as seen in
patients with chronic lung diseases.
It may therefore be possible
that repetitive upper airway collapse
and oxyhemoglobin desaturation
characteristic of OSA could also provide a
pathophysiologic basis for elevations in
pulmonary arterial pressure (12). Data
from case series mainly in male patients
have suggested that the prevalence of
pulmonary hypertension in OSA varies
from 17 to 53%. However, there are no
population based data to know the
prevalence of pulmonary hypertension in
OSA. In a study of patients with OSA
with no clinically signiﬁcant cardiac and
pulmonary disease, 41% had pulmonary
hypertension. There was no difference in
AHI, BMI, smoking history and lung
function between patients with pulmonary
hypertension and those without
pulmonary hypertension (13). A placebocontrolled randomized cross-over trial of
CPAP and sham CPAP over 12 weeks has
been reported in 23 patients with OSA and
CPAP therapy reduced pulmonary arterial
systemic pressure in all patients with
pulmonary hypertension at baseline (14).
The revised “Clinical Classiﬁcation of
Pulmonary Hypertension” has identiﬁed
sleep-disordered breathing as part of the
category of respiratory disorders
associated with pulmonary hypertension
(15).
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c) Cardiac arrhythmias and
cardiovascular mortality :
The prevalence of cardiac
arrhythmias in two samples of
participants from the Sleep Heart Health
study showed that compared with subjects
with Respiratory Disturbance Index
(RDI) < 5, those with severe OSA (RDI >
30) had higher rates of atrial ﬁbrillation,
non-sustained ventricular tachycardia,
complex ventricular ectopy (bigeminy,
trigeminy and quandrigeminy).
Compared with those without sleepdisordered breathing and adjusting for
age, sex, body mass index, and prevalent
coronary heart disease, individuals with
sleep-disordered breathing had four times
the odds of atrial ﬁbrillation (odds ratio
[OR], 4.02), three times the odds of
nonsustained ventricular tachycardia
(OR, 3.40), and almost twice the odds of
complex ventricular ectopy (OR, 1.74)
(16). Bradyarrhythmias are also reported
in OSA and can occur with a structurally
normal heart. Effective CPAP therapy has
been shown to attenuate
bradyarrhythmias (17). People with
sudden death from cardiac causes from
midnight to 6 a.m. had a signiﬁcantly
higher apnea-hypopnea index than those
with sudden death from cardiac causes
during other intervals. The relative risk of
sudden death from cardiac causes from
midnight to 6 a.m. was 2.57 for people
with obstructive sleep apnea. In contrast,
the risk of sudden death from cardiac
causes in the general population peaks
from 6 a.m. to noon and has a nadir from
midnight to 6 a.m. (18). However, a
causative role for sleep apnea in serious

arrhythmias or sudden death has not been
proven (16, 19). In an observational study
to compare incidence of fatal and nonfatal cardiovascular events in simple
snorers, patients with untreated
obstructive sleep apnoea-hypopnoea,
patients treated with CPAP, and healthy
men, it has been shown that severe
obstructive sleep apnoea-hypopnoea
signiﬁcantly increases the risk of fatal and
non-fatal cardiovascular events in men
and CPAP treatment reduces this risk (20).
In an observational study, it has been
reported severe OSA is associated with
cardiovascular death in Women as well,
and adequate CPAP treatment may reduce
this risk (21).
d) OSA and heart failure :
There is a close link between OSA
and heart failure by their close association
with aging and obesity. The Framingham
study had shown that increasing BMI is
directly correlated with incident heart
failure and may be mediated in part by
OSA. Incident atrial ﬁbrillation, an
important risk factor for heart failure is
also associated with the degree of
oxyhemoglobin desaturation in OSA (2224). Repetitive upper airway closure in
OSA can have deleterious effects on
cardiac function. In a study of subjects
randomly assigned to receive medical
therapy either alone or with the addition of
continuous positive airway pressure for
one month, it has been shown that
treatment of coexisting obstructive sleep
apnea by continuous positive airway
pressure reduces systolic blood pressure
and improves left ventricular systolic
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function in medically treated patients with
heart failure (25). In another randomized
study of patients with congestive heart
failure and OSA receiving 3 months of
CPAP, it has been shown that there is
signiﬁcant improvements in left
ventricular ejection fraction (LVEF) and
reductions in urinary catecholamines, but
no changes in BP (26). However in
another rigorous, placebo-controlled
cross-over study sing auto-titrating CPAP,
Authors found no improvement in any
parameter of cardio-vascular function,
including left ventricular ejection
fraction, blood pressure and exercise
tolerance (27). Further trials are required
to know the exact role of CPAP in patients
with heart failure and OSA. High
sensitivity troponin T (hs-TnT) levels
have been shown to be predictor of
coronary artery disease and heart failure
(28). In a study of 1645 participants from
Atherosclerosis Risk in Community
(ARIC) and Sleep Heart Health Study
(SHHS), it has been observed that there is
an association between severity of OSA
and high levels of hs-TnT suggesting that
subclinical myocardial injury caused by
OSA may play a role in subsequent risk of
heart failure (28).
e) OSA and incident stroke :
The incidence of stroke was
studied in a geographically diverse,
community based sample of male and
female participants in SHHS. Based on 8
years of prospective data from the study, it
has been observed that modest to severe
levels of sleep apnea are associated with
an approximately three-fold increased
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risk of ischemic stroke in men (29). A
prospective study had shown that selfreported snoring was an independent risk
factor for stroke in women (30). Data from
t h e Wi s c o n s i n S l e e p C o h o r t h a d
demonstrated that moderate to severe
sleep-disordered breathing is a risk factor
for prevalent stroke and that the
preexisting sleep disorder may be a risk
factor for incident stroke (31).
Longitudinal data with a mean follow-up
of 3.4 yr on mortality from stroke and
other causes in patients with preexisting
OSA, it has been shown that there is an
increasing risk of events with OSA
severity (32). It is feasible that stroke may
itself predispose to sleep-disordered
breathing. The strong association with
atrial ﬁbrillation may confer a heightened
risk of embolic events. OSA has been
shown to promote thrombosis and doppler
measurements have suggested that apneic
events are associated with reduced
cerebral blood ﬂow (33).
f) Erectile dysfunction :
A high prevalence of erectile
dysfunction in OSA patients has been
reported (34). It has been suggested that
the nocturnal oxygen saturation observed
in OSA may be an important factor
contributing for the occurrence of OSA
(34). Treatment with nasal CPAP has been
found to resolve erectile dysfunction
resulting in improvement in quality of life
(35).
g) Aortic aneurysm :
Abdominal aortic aneurysm has
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been found to be highly prevalent in OSA
and it has been reported that there was
further expansion of abdominal aortic
aneurysm in patients with severe OSA
(36).
Ocular manifestations :
Recently reported ocular
manifestations in OSA are ﬂoppy eyelid
syndrome (FES), glaucoma, papilledema,
non-arteritic anterior ischemic optic
neuropathy and retinal vein occlusion
(37). Papillary conjunctivitis and a
rubbery, redundant upper eyelid tissue is
the characteristic features of FES and
frequently manifests unilaterally affecting
the eyelid on the side the patient most
often sleeps on. Although the speciﬁc
etiology of this association is not well
described, one proposed mechanism
suggests. It has been suggested that
damage to the optic nerve head caused by
apnea-induced ischemic events may be
responsible for glaucoma in OSA patients,
as it has been reported that glaucoma
severity correlates with both the
frequency and duration of apnoeic
episodes. There is forced inspiration
against a closed airway in OSA and this
can lead to an increase in venous pressures
and impaired venous return with
subsequent increase in intracranial
pressure resulting in papilledema.
Papilledema can also result from
hypercapnea which has been reported to
occur in OSA. Though the mechanism of
nonarteritic ischemic optic neuropathy is
not well understood, it is possible that
intermittent apnea-induced increases in
blood pressure and intracranial pressure

and nocturnal hypoxemia may result in
optic nerve edema leading to optic
neuropathy. Retinal vein occlusion in
patients with OSA may be to the
consequences of impaired venous return
of the retina and atherosclerotic defects of
the feeding arterioles.
Other medical consequences :
Other medical consequences of
OSA include excessive daytime
sleepiness, loss of alertness, memory
deﬁcit, reduced vigilance, impaired
executive function, increased risk for
automobile and occupational accidents
and decreased quality of life (38).
REFERENCES
1. Vijayan VK (2012). Morbidities
associated with obstructive sleep
apnea. Expert Rev Respir Med. 6(5) :
557–566.
2.

Kuniyoshi FHS, Pusalavidyasagar S,
S i n g h P, S o m e r s V K ( 2 0 1 0 ) .
Cardiovascular consequences of
obstructive sleep apnoea. Indian J
Med Res 131: 196-205.

3.

Golbin JM, Somers VK, Caples SM
(2008). Obstructive Sleep Apnea,
Cardiovascular Disease, and
Pulmonary Hypertension. Proc Am
Thorac Soc 5: 200–206.

4.

Nieto FJ, Young TB, Lind BK et al.
(2000). Association of sleepdisordered breathing, sleep apnea,
and hypertension in a large

Co-morbidities associated with obstructive sleep apnea

community-based study. Sleep Heart
Health Study. JAMA 283:1829-1836.
5.

6.

Lavie P, Herer P, Hoffstein V (2000).
Obstructive sleep apnoea syndrome
as a risk factor for hypertension:
population study. BMJ 320:479-482.

8.

11. US Department of Health and Human

O'Connor GT, Caffo B, Newman AB et

al. (2009). Prospective study of sleepdisordered breathing and
hypertension: the Sleep Heart Health
Study. Am J Respir Crit Care Med
179:1159-1164.

12. Presberg KW, Dincer HE (2003).
Pathophysiology of pulmonary
hypertension due to lung disease.
Curr Opin Pulm Med 9:131–138.

Peppard PE, Young T, Palta M, Skatrud J

Dimsdale JE , Loredo JS , Profant J

(2000). Effect of continuous positive
airway pressure on blood pressure: a
placebo trial. Hypertension 35 (1 Pt
1):144-147.
9.

syndrome: evidence from a metaanalysis of placebo-controlled
randomized trials. Arch Intern Med
167:757-764.
Services. The National Heart, Lung,
and Blood Institute (2003): The
seventh report of the Joint National
Committee on Prevention, Detection,
Evaluation, and Treatment of High
B l o o d P r e s s u r e . Av a i l a b l e a t :
http://www.nhlbi.nih.gov/guidelines/
hypertension/ (Accessed on
December 23, 2013).

(2000). Prospective study of the
association between sleep-disordered
breathing and hypertension. N Engl J
Med 342:1378-1384.
7.

119

Pepperell JC , Ramdassingh-Dow S ,
Crosthwaite N et al. (2002).

Ambulatory blood pressure after
therapeutic and sub therapeutic nasal
continuous positive airway pressure
for obstructive sleep apnoea: a
randomized parallel trial. Lancet
359:204-210.
10. Haentjens P , Van Meerhaeghe A ,
Moscariello A et al. (2007). The impact

of continuous positive airway
pressure on blood pressure in patients
with obstructive sleep apnea

13. Sajkov D, Cowie RJ, Thornton AT,
Espinoza HA, McEvoy RD (1994).

Pulmonary hypertension and
hypoxemia in obstructive sleep apnea
syndrome. Am J Respir Crit Care Med
149(2 Pt 1):416-422.
14. Arias MA, García-Río F, Alonso-

Fernández A, Martínez I, Villamor J
(2006). Pulmonary hypertension in
obstructive sleep apnoea: effects of
continuous positive airway pressure: a
randomized, controlled cross-over study.

Eur Heart J 27:1106-1113.
15. Simonneau G, Galie N, Rubin LJ et al.
(2004). Clinical classiﬁcation of
pulmonary hypertension. J Am Coll
Cardiol 43(12 Suppl S):5S–12S.

120

V K Vijayan

16. Mehra R, Benjamin EJ, Shahar E et al.
Sleep Heart Health Study (2006).

22. Sin DD, Fitzgerald F, Parker JD, Newton
G, Floras JS, Bradley TD (1999). Risk

Association of nocturnal arrhythmias
with sleep-disordered breathing: The
Sleep Heart Health Study. Am J Respir
Crit Care Med 173:910-916.

factors for central and obstructive
sleep apnea in 450 men and women
with congestive heart failure. Am J
Respir Crit Care Med 160:1101-1106.

17. Guilleminault C, Connolly SJ, Winkle
RA (1983). Cardiac arrhythmia and
conduction disturbances during sleep
in 400 patients with sleep apnea
syndrome. Am J Cardiol 52:490–494.

23. Kenchaiah S, Evans JC, Levy D et al.
(2002). Obesity and the risk of heart
failure. N Engl J Med 347:305-313.

18. Gami AS, Howard DE, Olson EJ,
Somers VK (2005). Day-night pattern
of sudden death in obstructive sleep
apnea. N Engl J Med 352: 1206–1214.
19. Grimm W, Koehler U, Fus E et al.
(2000). Outcome of patients with sleep
apnea-associated severe bradyarrhythmias after continuous positive
airway pressure therapy. Am J Cardiol

24. Gami AS, Hodge DO, Herges RM et
al. (2007). Obstructive sleep apnea,
obesity, and the risk of incident atrial
ﬁbrillation. J Am Coll Cardiol 49:565-

571.
25. Kaneko Y, Floras JS, Usui K et al.
(2003 Cardiovascular effects of
continuous positive airway pressure
in patients with heart failure and
obstructive sleep apnea. N Engl J Med
348:1233–1241.

86:688-692.
20. Marin JM, Carrizo SJ, Vicente E,

Agusti AG (2005). Long-term
cardiovascular outcomes in men with
obstructive sleep apnoea–hypopnoea
with or without treatment with
continuous positive airway pressure:
an observational study. Lancet
365:1046–1053.
21. Campos-Rodriguez F, Miguel A.
Martinez-Garcia MA, Ines de la CruzMoron I et al. (2012). Cardiovascular
Mortality in Women with Obstructive
S l e e p A p n e a w i t h o r Wi t h o u t
Continuous Positive Airway Pressure
Treatment: A Cohort Study.

26. Mansﬁeld DR, Gollogly NC, Kaye
DM et al. (2004). Controlled trial of
continuous positive airway pressure
in obstructive sleep apnea and heart
failure. Am J Respir Crit Care Med
169:361–366.
27. Smith LA, Vennelle M, Gardner RS et
al. (2007). Auto-titrating continuous
positive airway pressure therapy in
patients with chronic heart failure and
obstructive sleep apnoea: a
randomized placebo-controlled trial.
Eur Heart J 28:1221–1227.

Co-morbidities associated with obstructive sleep apnea

28. Roca GQ, Redline S, Punjabi N et al.
(2013). Sleep apnea is associated with
subclinical myocardial injury in the
community. The ARIC-SHHS study.
Am J Respir Crit Care Med 188:
1460-1465.
29. Redline S, Yenokyan G, Gottlieb DJ et
al. (2010). Obstructive sleep apneahypopnea and incident stroke: the sleep
heart health study. Am J Respir Crit

Care Med 182:269-277.
30. Hu FB, Willett WC, Manson JE et al.
(2000).
Snoring and risk of
cardiovascular disease in women. J
Am Coll Cardiol 35:308–313.
31. Arzt M, Young T, Finn L, Skatrud JB,
Bradley TD (2005). Association of
sleep disordered breathing and the
occurrence of stroke. Am J Respir Crit
Care Med 172:1447–1451.
32. Yaggi HK, Concato J, Kernan WN et
al. (2005). Obstructive sleep apnea as
a risk factor for stroke and death. N
Engl J Med 353:2034–2041.
33. Netzer N, Werner P, Jochums I,
Lehmann M, Stroh KP (1998). Blood
ﬂow of the middle cerebral artery with
sleep-disordered breathing:
correlation with obstructive
hypopneas. Stroke 29:87–93.

121

34. Budweiser S, Enderlein S, Jörres RA
et al. (2009). Sleep apnea is an
independent correlate of erectile and
sexual dysfunction. J Sex Med 6(11)
:3147–3157.
35. Gonçalves MA, Guilleminault C,
Ramos E, Palha A, Paiva T (2005).
Erectile dysfunction, obstructive
sleep apnea syndrome and nasal
C PA P t r e a t m e n t . S l e e p M e d
6(4):333–339.
36. Mason RH, Ruegg G, Perkins J et al.
(2011). Obstructive sleep apnea in
patients with abdominal aortic
aneurysms: highly prevalent and
associated with aneurysm expansion.
Am J Respir Crit Care Med
183(5):668–674.
37. Lettieri GJ (2013). The 5 Most
Common Ocular Manifestations of
Obstructive Sleep Apnea. Medscape
Pulmonary Medicine.
www.medscape.com/viewarticle/811
875 (accessed on 23 December 2013)
38. G u r u b h a g a v a t u l a I ( 2 0 1 0 ) .
Consequences of obstructive sleep
apnoea. Indian J Med Res 131: 188195.

