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IN THIS ISSUE OF SLEEP, THERE ARE TWO PROSPEC-
TIVE STUDIES SHOWING THAT UNTREATED MODER-
ATE-TO-SEVERE SLEEP APNEA IS ASSOCIATED WITH 
increased mortality even after controlling for relevant cova-
riates. These studies are based on general population cohorts 
rather than clinical samples. The first report by Marshall and 
colleagues is from the Busselton study in Australia1 that was 
first established by Dr. Helen Bearpark, who was tragically 
killed in a road accident. The second report by Young and col-
leagues is from the highly productive Wisconsin Sleep Cohort.2 
Both studies show increased all-cause mortality. The Australian 
study shows a hazard ratio of the order of 4.4-6.2 for moderate-
to-severe sleep apnea (RDI ≥ 15 episodes/hour) after control-
ling for different covariates.1 The Wisconsin study shows no 
significant increase in all-cause mortality in individuals with an 
AHI between 15 and 30 episodes/hour but a hazard ratio of the 
order of 2.7 to 3.8 for severe OSA (AHI ≥ 30 episodes/hour), 
depending on which subjects and confounding variables were 
included in their analyses.2

While not addressed in the Busselton study, the Wisconsin 
study specifically looked at cardiovascular mortality. Elevated 
mortality from cardiovascular deaths was observed. This asso-
ciation was significant in the subgroup of subjects with severe 
sleep apnea who were untreated (i.e., excluding the small num-
ber of subjects on CPAP). This association is not surprising, 
since previous cohort studies3 have shown an increased inci-
dence of coronary artery disease in untreated patients with se-
vere OSA.

Both groups argue that population studies have the advan-
tage over studies in clinical samples since they avoid referral 
bias. Population studies do, however, have the disadvantage of 
having small numbers of individuals with moderate-to-severe 
disease. In the Busselton study,1 18 of the 380 subjects as-
sessed had an RDI ≥ 15 episodes/hour while only 3 had an RDI 
≥ 30 events/hour. In the larger study from Wisconsin,2 145 of 

the 1522 subjects had an AHI ≥ 15 episodes/hour and 63 with 
severe OSA (AHI ≥ 30 episodes/hour). (Since the two studies 
used different strategies to assess sleep disordered breathing, 
the metrics of sleep disordered breathing cannot be directly 
compared.) These relatively low numbers of individuals with 
disease potentially limit the power of the data analyses to detect 
true associations.

Epidemiological studies demonstrating association always 
have the challenge of proving that the association is not produced 
by confounding. While both studies in this issue of SLEEP have 
addressed confounding, a particular concern is obesity which is 
highly associated with the presence and severity of OSA. Some 
have suggested that OSA modifies the effect of obesity as a car-
diovascular risk factor.4 It is not simply obesity that needs to be 
considered but rather the degree of visceral obesity, which is 
more clearly associated with the metabolic syndrome.5 Visceral 
fat volume contributes to variation in metabolic risk factors for 
cardiovascular disease even after controlling for BMI and waist 
circumference.5 Thus, despite efforts to control for obesity as 
a covariate, there is the lingering concern that there could be 
differences in the degree of visceral obesity between those with 
OSA who died and those who did not.

The results of these community studies are congruent with 
earlier studies6-8 and recent studies in large clinical cohorts.9-11 
By design, studies in clinical samples have much larger num-
bers of untreated patients with severe disease. Studies in clini-
cal samples also show that untreated OSA is associated with an 
increased rate of cardiac events and cardiovascular mortality. 
Indeed, the estimate of the increased risk of death of 2-4 is of 
similar magnitude to that reported in these new community-
based studies.

Thus, the new information presented in these two manu-
scripts in this issue of SLEEP, when combined with studies in 
clinical samples, leads to the highly likely conclusion that un-
treated severe OSA is an important risk factor for cardiovascu-
lar mortality. There are caveats that make the conclusions less 
than foolproof. There is the issue of residual confounding as 
discussed above. In the clinical cohorts, when death rates in 
individuals on CPAP treatment are compared to those not using 
CPAP,10 there is the issue of whether this is specific to OSA or 
whether non-use of CPAP is a marker for generally non-adher-
ent behavior. The studies also lead to the conclusion that mild 
OSA (AHI from 5 to 15 episodes/hour) is not associated with 
increased mortality.1,2 The conclusion about the lack of mortal-
ity risk from untreated moderate OSA is less clear.1,2

An important issue is whether treatment of severe OSA with 
CPAP reduces mortality rates. Studies in clinical cohorts indi-
cate it does8,10 and suggest that cardiovascular event rates and 

Commentary

Does Untreated Obstructive Sleep Apnea Lead to Death?
A commentary on Young et al. Sleep 2008;31:1071-8 and Marshall et al. Sleep 2008;31:1079-85.

Allan I. Pack, PhD, MBChB; Alec B. Platt, MD, MSCE; Grace W. Pien, MD, MSCE

University of Pennsylvania School of Medicine, Philadelphia, PA

Disclosure Statement
Dr. Pack has received support from Merck for the processing of microarray 
data and is in discussion with Respironics for support for the development 
of an academic sleep research network. The other authors have indicated 
no financial conflicts of interest.

Submitted for publication July, 2008
Accepted for publication July, 2008
Address correspondence to: Allan I. Pack, PhD, Center for Sleep and Re-
spiratory Neurobiology, University of Pennsylvania, 125 South 31st Street, 
Suite 2100, Philadelphia, PA 19104-3403; Tel: (215) 746-4806; Fax: (215) 
746-4814; E-mail: pack@mail.med.upenn.edu

Commentary—Pack et al



SLEEP, Vol. 31, No. 8, 2008 1068

death rates in patients with severe OSA on CPAP treatment are 
not different than controls or snorers without OSA and with 
similar degrees of obesity.10 The Wisconsin study adds support 
to the effect of treatment by demonstrating that exclusion from 
the analysis of the surprisingly few individuals with OSA who 
were treated with CPAP (n = 126) increased the hazard ratio for 
all-cause and cardiovascular mortality.2

It is important to address both the implications of these find-
ings for clinical practice and for a future research agenda. From 
the clinical perspective, given that we have a safe and effective 
therapy for OSA (i.e., nasal CPAP12), all patients with severe 
OSA should be treated regardless of whether they are symptom-
atic with excessive sleepiness. One accepts that the data are not 
perfect but the risk-benefit clearly favors treatment. The data 
indicate, however, that this is not so for mild disease in the ab-
sence of sleepiness (AHI ≥ 5 < 15 episodes/hour). For moderate 
disease, patients with excessive sleepiness should be treated. 
There is a need for further studies to determine whether patients 
with moderate OSA have an elevated risk for cardiovascular 
events and death.

Ultimately, from a research perspective, we would need a 
large randomized trial to show that active treatment of OSA 
with CPAP reduces cardiovascular event rates and deaths. Our 
cardiology colleagues are accustomed to evaluating this type 
of evidence and may not be fully convinced without it. Such a 
trial will not require use of sham CPAP, since the endpoints are 
definitive and not affected by blinding. Such a trial is, however, 
ethically challenging since OSA patients are frequently exces-
sively sleepy and at risk for crashes.13 Sleepy patients cannot 
be randomized to no treatment for many years. There are, how-
ever, patients even with severe OSA who are not excessively 
sleepy. While some have argued that patients without sleepiness 
may also be “protected” from the cardiovascular risk,14 the data 
from the Wisconsin study do not support this assertion. Rather, 
Young and colleagues2 found that the relationship of OSA to 
mortality is independent of self-reported sleepiness and pres-
ent even in individuals without excessive sleepiness. Thus, it 
is conceivable that a randomized trial focusing on patients with 
severe OSA with minimal or absent sleepiness is feasible.

In conclusion, these new prospective studies are important 
and add to the growing evidence base as to OSA being a risk 
factor for death. Given the epidemic of obesity with its car-
diovascular consequences, we need to pursue identification and 
treatment of individuals with severe OSA and, as a field, move 
to more definitive randomized trials.

REFERENCES

1.	 Marshall NS, Wong KKH, Liu PY, Cullen SRJ, Knuiman MW, 
Grunstein RR. Sleep apnea as an independent risk factor for 
all-cause mortality: The Busselton Health Study. Sleep 2008; 
31:1079-85.

2.	 Young T, Finn L, Peppard P, Szklo-Coxe M, Austin D, Nieto J, 
Stubbs R, Hla KM, Sleep-disordered-breathing and mortality: 
Eighteen-year follow-up of the Wisconsin Sleep Cohort. Sleep 
2008;31:1071-78.

3.	 Peker Y, Carlson J, Hedner J. Increased incidence of coronary 
artery disease in sleep apnoea: a long-term follow-up. Eur Respir 
J 2006;28:596-602.

4.	 Lavie P, Herer P, Lavie L. Mortality risk factors in sleep apnoea: 
a matched case-control study. J Sleep Res 2007;16:128-34.

5.	 Fox CS, Massaro JM, Hoffmann U, et al. Abdominal visceral and 
subcutaneous adipose tissue compartments: association with met-
abolic risk factors in the Framingham Heart Study. Circulation 
2007;116:39-48.

6.	 He J, Kryger MH, Zorick FJ, Conway W, Roth T. Mortality and 
apnea index in obstructive sleep apnea. Experience in 385 male 
patients. Chest 1988;94:9-14.

7.	 Lavie P, Herer P, Peled R, et al. Mortality in sleep apnea patients: 
a multivariate analysis of risk factors. Sleep 1995;18:149-57.

8.	 Marti S, Sampol G, Munoz X, et al. Mortality in severe sleep 
apnoea/hypopnoea syndrome patients: impact of treatment. Eur 
Respir J 2002;20:1511-8.

9.	 Yaggi HK, Concato J, Kernan WN, Lichtman JH, Brass LM, 
Mohsenin V. Obstructive sleep apnea as a risk factor for stroke 
and death. N Engl J Med 2005;353:2034-41.

10.	 Marin JM, Carrizo SJ, Vicente E, Agusti AG. Long-term cardio-
vascular outcomes in men with obstructive sleep apnoea-hypo-
pnoea with or without treatment with continuous positive airway 
pressure: an observational study. Lancet 2005;365:1046-53.

11.	 Lavie P, Lavie L, Herer P. All-cause mortality in males with sleep 
apnoea syndrome: declining mortality rates with age. Eur Respir 
J 2005;25:514-20.

12.	 Sullivan CE, Issa FG, Berthon-Jones M, Eves L. Reversal of ob-
structive sleep apnoea by continuous positive airway pressure ap-
plied through the nares. Lancet 1981;1:862-5.

13.	 Sassani A, Findley LJ, Kryger M, Goldlust E, George C, Davidson 
TM. Reducing motor-vehicle collisions, costs, and fatalities by 
treating obstructive sleep apnea syndrome. Sleep 2004;27:453-8.

14.	 Robinson GV, Smith DM, Langford BA, Davies RJ, Stradling 
JR. Continuous positive airway pressure does not reduce blood 
pressure in nonsleepy hypertensive OSA patients. Eur Respir J 
2006;27:1229-35.

Commentary—Pack et al


