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Background: Previously published cohort studies in clinical populations have suggested that obstructive sleep apnea (OSA) is a risk factor
for mortality associated with cardiovascular disease. However, it is unknown whether sleep apnea is an independent risk factor for all-cause
mortality in a community-based sample free from clinical referral bias.
Methods: Residents of the Western Australian town of Busselton
underwent investigation with a home sleep apnea monitoring device
(MESAM IV). OSA was quantified via the respiratory disturbance index
(RDI). Mortality status was determined in 397/400 participants (99.3%)
after up to 14 years (mean follow-up 13.4 years) by data matching with
the Australian National Death Index and the Western Australian Death
Register. Univariate analyses and multivariate Cox proportional hazards modelling were used to ascertain the association between sleep
apnea and mortality after adjustment for age, gender, body mass index,
mean arterial pressure, total cholesterol, high-density lipoprotein cholesterol, diabetes, and medically diagnosed angina in those free from
heart attack or stroke at baseline (n = 380).

Results: Among the 380 participants, 18 had moderate-severe OSA
(RDI ≥15/hr, 6 deaths) and 77 had mild OSA (RDI 5 to <15/hr, 5 deaths).
Moderate-to-severe OSA was independently associated with greater
risk of all-cause mortality (fully adjusted hazard ratio [HR] = 6.24, 95%
CL 2.01, 19.39) than non-OSA (n = 285, 22 deaths). Mild OSA (RDI 5
to <15/hr) was not an independent risk factor for higher mortality (HR =
0.47, 95% CL 0.17, 1.29).
Conclusions: Moderate-to-severe sleep apnea is independently associated with a large increased risk of all-cause mortality in this community-based sample.
Keywords: Sleep apnea, cohort, mortality
Citation: 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(8):1079-1085.

OBSTRUCTIVE SLEEP APNEA (OSA) IS CHARACTERIZED BY REPETITIVE UPPER AIRWAY CLOSURE DURING SLEEP RESULTING IN REPEATED REVERSIBLE
blood oxygen desaturation and fragmented sleep. OSA has been
associated with a range of pathophysiological changes that impair cardiovascular function,1 including increased blood inflammatory markers and repeated rises in blood pressure during sleep.
There is increasing evidence that OSA promotes the development of hypertension, stroke, myocardial infarction and premature death.2 However, because OSA is strongly associated with
obesity and thus also with many other obesity-related diseases,
it has been difficult to produce clear evidence that these associations are caused by sleep apnea and not other established causes.
Better understanding of the association between OSA and
mortality risk has major public health importance.3 A number
of studies have shown that approximately 25% of middle-aged
men and 9% of middle-aged women stop breathing during sleep
≥ 5 times per hour.4-6 Given that the major modifiable risk fac-

tor for OSA is obesity it is likely that the prevalence of OSA
is increasing.7 Thus, as a very common condition, even modest effects of sleep apnea on morbidity and mortality would be
important.3
Previous reports that have independently linked OSA to mortality have all been based on patients referred to sleep clinics.8-14
Two of the most recent and frequently cited of these studies indicated that severe sleep apnea, compared to no sleep apnea, was
an independent risk factor for cardiovascular mortality (odds
ratio 2.87, 95% CL 1.17, 7.51)12; the other study found that
sleep apnea, compared to no sleep apnea, was an independent
risk factor for a composite endpoint of all-cause mortality or
incident stroke (hazard ratio 1.97, 95% CL 1.12, 3.48).11 However, as these were not community recruited participants they
might have been subject to a clinical referral bias that might
have given a false impression of the size or significance of the
true association with mortality in the community. The choice of
composite or restricted mortality endpoints also failed to rule
out that sleep apnea might have had some unexpected beneficial
effect that reduced mortality from other causes. Data from a
community-based cohort, free from clinical referral bias, would
thus be useful to determine whether sleep apnea is an independent risk factor for all-cause mortality in middle-aged people.
The community of Busselton in Western Australia has been
the subject of cross-sectional and follow-up health surveys
since 1966.15-17 We aimed to investigate whether sleep apnea is
an independent risk factor for all-cause mortality in a sample of
Busselton Health Study participants recruited in 1990 to determine the community prevalence of sleep apnea.4
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METHODS

via listings in the telephone directory, direct contact with relatives, or listing on the electoral role (which is compulsory in
Australia). Cause of death as listed on the death certificates was
also matched.

In November-December 1990, 400 residents of the rural
town of Busselton in the state of Western Australia who were
already participants in the ongoing Busselton Health Study had
their sleep disordered breathing assessed by a single night of
recording in their own homes using the MESAM IV device.
The Busselton Health Study is an ongoing representative and
comprehensive survey of residents in the Shire of Busselton
in the South-West region of Western Australia. The survey invites the participation of all individuals on the Commonwealth
electoral roll. Electoral registration is compulsory for Australians ≥ 18 years of age. The MESAM IV (Madaus MedizenElektronik, Freiberg, Germany), is a 4-channel portable homemonitoring device used to quantify sleep disordered breathing
via the measurement of snoring, heart rate, oxygen saturation,
and body position. The full methods for implementation and
manual scoring of this technique are described in the original
prevalence paper.4 The current analyses were undertaken after
approval by the University of Sydney Human Research Ethics
Committee.

Exposure Variables
Exposure to sleep apnea was quantified by the respiratory
disturbance index (RDI), which is calculated by summing the
total number of respiratory disturbances and dividing by the
participant estimated hours of sleep to give an event rate per
hour. Respiratory disturbances were defined as oxygen desaturations of ≥ 3% from the preceding baseline level that were
accompanied by either a) an increased heart rate ≥ 10 beats/min
and/or b) a burst of snoring associated with commencement and
termination of the desaturation event (i.e., an audible apnea).
Hours of sleep were estimated using lights off and lights on
time—a method that would have overestimated sleep time and
therefore caused a systematically lower estimation of RDI than
would have been estimated via traditional polysomnography
(PSG).
Validation in 10 patients with a wide OSA severity range
who had been referred for PSG investigation of sleep disordered breathing at the Royal Prince Alfred Hospital, Sydney,
Australia, closely correlated simultaneous MESAM IV recordings (ICC = 0.98). Thus scoring of MESAM IV data for RDI
by this method gave a very close approximation to simultaneously measured but independently scored standard PSG measured RDI (including pressure transducer measured airflow).
The MESAM IV has also been validated against PSG by other
investigators.20,21
Anthropometric variables were measured by study investigators on the evening before the sleep study and included height,
weight, abdominal height while supine (sagittal diameter), as
well as neck, waist, and hip circumference. Blood pressure
was then measured twice via an electronic sphygmomanometer (Spacelabs, Redmond, WA) with measurements at ≥ 5 min
apart in the supine position and after the participant had been
lying quietly for ≥ 10 min. The mean of these measurements
was then calculated.
History of stroke, heart attack, diabetes, and medically diagnosed angina were measured via self-report questionnaire.
Where these medical history questions had not been answered
a participant was assumed to have not been diagnosed with the
condition. Smoking status was ascertained via questionnaire
by asking whether the patient was a current, former, or never
smoker. Former and current smokers were queried about smoking duration and use in order to calculate pack years. Alcohol
consumption patterns were queried in order to calculate the
approximate grams of alcohol consumption per week. Fasting
blood samples were taken the morning after the overnight study
for blood glucose and total and HDL cholesterol and analyzed
using standard assay methods at the Western Australian State
Health laboratories.

SAMPLE CONSTRUCTION
Men
The 2-stage sampling process has already been described
elsewhere.4 Briefly, all men aged 40-65 on the Busselton Health
Study Register were sent the initial sleep questionnaire (n =
758), of whom n = 486 responded. These 486 men were randomly telephoned until a sample of 311 had been recruited for
an at-home overnight study (all available study appointments
were filled). Five respondents who were invited to participate in
the overnight study declined the test. Two hundred and ninetyfour of these overnight study recordings were of adequate quality to score, and 293 men had matched longitudinal data.
Women
All women aged 40-65 on the register (n = 810) were sent
the sleep questionnaire, of whom n = 537 responded. At-home
overnight studies were undertaken in equal numbers from the 3
categories of snoring (never, sometimes, and almost always/always, each n = 38) so as to ensure some cases of OSA. Women
were randomly telephoned until a sample of 114 had been recruited (all available study appointments were filled). Six women who were telephoned did not participate. One hundred and
six of these recordings were of adequate quality to score, and
104 women had matched longitudinal data. Less women than
men were sampled for financial and logistic reasons.5
Outcome: Mortality and Vitality Ascertainment
Mortality status and time to death was ascertained via the
last available match (2004) between the cohort and the Western Australian Health Research Linked Database that contains
linked death and morbidity data for all people who resided in
Western Australia since 1980.18 The system includes interstate
deaths via the National Death Index.19 Survival was confirmed
SLEEP, Vol. 31, No. 8, 2008

Data Handling and Statistical Analyses
Analyses were undertaken (NSM, KKHW supervised by PYL
and MWK) using SAS (v 9.1 SAS institute NC, USA). We cat1080
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egorized sleep apnea as a continuous variable and also by using
standard clinical cut-points for severity.22 No or subclinical sleep
apnea served as the reference category (i.e., 0 to 4 respiratory
disturbances per hour), and the 2 exposed categories were mild
(RDI 5 to < 15) and moderate-to-severe OSA (RDI ≥ 15). We
were unable to examine the association of severe OSA with mortality because only 3 participants had an RDI ≥ 30 at baseline.
Previously established risk factors for mortality were analyzed with the variables transformed or parameterized to maximize model fit (using AIC criteria) and to reduce the chance
that any observed association between sleep apnea and mortality was due to poor controlling of known risk factors.
Mean arterial pressure (2/3*Systolic + 1/3*Diastolic), gave
the best blood pressure fit to observed mortality. The best fit for
body habitus was BMI classified into normal/overweight/obese
(< 25, 25 to < 30, or ≥ 30 kg/m2). Smoking defined categorically
(never, ex, current) had the best fit, whereas pack years was not
a significant mortality risk factor.
Univariate associations between continuous risk factors were
investigated with Cox proportional hazards models using chisquare tests for significance (PROC PHREG). Categorical risk
factors for mortality were undertaken (in PROC LIFETEST)
with visually inspected Kaplan-Meier curves and log-rank tests
for determining statistical significance and also with Cox models. All risk factors were also investigated for their association
with sleep apnea severity categories using chi-square, Fisher
exact, ANOVA or Kruskal-Wallis tests, where appropriate.
Multivariate mortality models were built using Cox regression and confirmed by best-subset variable selection. Regardless of univariate association the following risk factors were
forced into the fully adjusted model because of known associations with OSA or mortality: age, gender, obesity, smoking status, blood pressure, total cholesterol, high density lipoprotein
(HDL) cholesterol, angina and diabetes. Other risk factors were
examined for independent association with mortality when they
exhibited some evidence of a univariate association with either
mortality or with sleep apnea (P < 0.1). Fasting blood glucose
was associated with sleep apnea (see Table 1). However, it was
not associated with mortality (P > 0.5) when added to the fully
adjusted model and did not change the size and significance
of the association between sleep apnea and mortality. It was
not included in the final model because of a number of missing
values.
A partially adjusted model where blood pressure was not
controlled for was also presented for comparison with the fully
adjusted model as OSA is a known cause of hypertension and
thus such models are properly presented in investigations of
sleep apnea cohorts.11,12,23,24 We also prepared a model where
only variables that were significant predictors of mortality in
the main model were entered. All three of unadjusted, partially
adjusted and fully adjusted models yielded similar conclusions
(see results).
Schoenfeld residuals were used to confirm the proportional
hazards assumption and Martingale residuals to ensure that
continuous variables were approximately linear in their association with mortality risk.25,26
Additionally we performed a number of secondary analyses.
Firstly, all deaths occurring within the first 2 years of follow-up
were removed from the analysis to exclude the remote possiSLEEP, Vol. 31, No. 8, 2008

bility that sleep apnea was itself caused by another covert and
ultimately fatal unknown disease. Secondly, we explored the
relationship between OSA severity and mortality further by arbitrarily removing the 2% most extreme RDI values, to ensure
that any relationship between RDI and hazard ratio was not
driven entirely by a few outliers.
RESULTS
Those participants who indicated at baseline that they had
already had a stroke (n = 4) or a heart attack (n = 13) were
excluded from mortality analyses which is consistent with a
previous investigation.11 Inclusion of these 17 individuals in
models which statistically controlled for previous heart attack
and stroke did not change the size or significance of the association between sleep apnea and mortality. This left a total of 380
participants (n = 102 females), of whom 33 had died. These 380
participants with a mean 13.4 years of observation yielded a total of 5073.1 person-years of observation. However, in the primary model a further 6 participants did not have complete data
and were thus excluded (none of these participants had died).
Eighteen participants had moderate-to-severe sleep apnea,
6 of whom died (33.3% mortality, 215.6 person years = 2.78
deaths per 100 person years of observation). Seventy-seven
participants had mild OSA, 5 of whom died (6.5% mortality,
1045.6 person years = 0.48 deaths per 100 person years). Twohundred and eighty-five participants did not have OSA, 22 of
whom died (7.7% mortality, 3811.9 person years = 0.58 deaths
per 100 person years). A Kaplan-Meier plot (Figure 1) and logrank test indicated that this univariate association was significant (P < 0.001). The observed association suggested that RDI
be investigated as a categorical variable.22 We have however
examined RDI as a linear variable in some sub-analyses. Determining whether this relationship is truly linear or curvilinear
will require larger data sets.
Table 1 lists the association of important mortality risk factors with sleep apnea severity. Table 2 lists the univariate associations between these risk factors and mortality. Table 3 shows
the association between categories of sleep apnea severity and
mortality before and after adjustment for all other identified
risk factors and confounders (the association between these
risk factors and mortality in the adjusted models can be found
in Supplemental Table 1). All models yielded a significant relationship between sleep apnea and mortality. There were no
significant interaction effects between sleep apnea and gender,
age, smoking status, or mean arterial pressure (P > 0.4). A potential interaction between HDLC and gender was also nonsignificant when tested (P = 0.7). However, given the relatively
small sample size, there is limited statistical power to detect
potential effect modifications.
An additional model constructed by entering only the significant risk factors from the main model (age, sleep apnea, blood
pressure, HDL cholesterol, and smoking) also showed that the
association between sleep apnea and mortality remained significant (adj. HR 3.9, 95% CL 1.5, 10.0).
Examination of the Kaplan-Meier curve (see Figure 1) indicates that the groups with no and mild OSA exhibited statistically comparable survival. For this reason and as a confirmatory analysis, no and mild sleep apnea were combined into a
1081
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Table 1—Association of Sleep Apnea with Mortality Risk Factors
Baseline Confounder
Mean (SD)
Females % (n, cases)
Age (years)
Body mass index (kg/m2)
Current smokers % (n, cases)
Pack years
Waist-hip ratio
Alcohol consumption (g/week)
Mean arterial pressure
High density lipoprotein Cholesterol
Triglycerides
Total cholesterol
Fasting glucose
Diabetes % (n, cases)
Doctor diagnosed angina % (n, cases)

No OSA
(RDI <5)
n = 285
27.4 (78)
52.6 (7.5)
26.2 (3.7)
15.4 (44)
12.9 (19.7)
0.90 (0.08)
86.2 (104.3)
112.4 (11.8)
1.26 (0.33)
1.51 (1.09)
5.9 (1.0)
5.6 (0.8)
2.5 (7)
7.4 (21)

Mild OSA
RDI (5 to <15)
n = 77
24.7 (19)
54.3 (7.2)
27.9 (4.1)
19.5 (15)
16.8 (22.3)
0.92 (0.09)
101.2 (118.9)
117.1 (12.7)
1.17 (0.34)
1.77 (1.32)
6.0 (1.1)
5.8 (0.6)
2.6 (2)
2.6 (2)

Moderate-Severe OSA
(RDI ≥15)
n = 18
27.8 (5)
55.1 (8.2)
34.3 (7.3)
5.6 (1)
9.4 (16.1)
0.94 (0.06)
112.3 (113.3)
118.1 (14.2)
1.14 (0.29)
1.75 (1.07)
5.9 (0.8)
6.7 (2.6)
11.1 (2)
16.7 (3)

P Value
For Difference
0.89†
0.09
< 0.001
0.38
0.21‡
0.02
0.37‡
0.003
0.053
0.19
0.68
< 0.001‡
0.11†
0.08†

Figures represent means and SD unless otherwise stated. No participants with unascertained mortality (n = 3) and none with either a heart attack or stroke at baseline (n = 17) were analyzed. Categorical variables tested with chi square or Fisher exact (marked with † where moderatesevere OSA compared to mild and no OSA) and continuous variables with ANOVA or with a Kruskal-Wallis test as appropriate (marked
with‡).

single reference category for the multivariate modelling. In the
resultant model moderate-severe OSA remained independently
associated with a higher rate of mortality (adj. HR = 7.35, 95%
CL 2.40, 22.49).
When RDI was entered into the full model as a continuous
linear variable instead of a categorical variable it was a significant independent predictor of mortality (HR per ten units of
RDI = 1.72, 95% CL 1.13, 2.62). While this is consistent with
a linear dose-response relationship between severity of sleep
apnea (RDI) and mortality, superior model fit was achieved
by using categorized RDI suggesting, but not proving, that the
dose-response relationship may be curvilinear.
There is a remote possibility that sleep apnea could be
caused by another covert and ultimately fatal unknown disease.
As such we removed all deaths occurring within the first 2 years
of follow-up from the analysis (n = 2). This did not markedly
change the HR associated with moderate-to-severe OSA (adj.
HR 6.93, 95% CL 2.20, 21.86).
To exclude the effects of outliers on the analysis, we secondarily recalculated fully-adjusted mortality hazard ratios after removing from the highest severity category all participants with
RDI ≥ 30 (n = 3, adj. HR = 5.5, 95% CL 1.6, 18.3) and then
2% of all participants with the most extreme sleep apnea (n = 8
with RDI ≥ 23, adj. HR = 11.1, 95% CL 2.3, 54.7): as shown,
the association between moderate-severe OSA and mortality
remained significant.
Cause of death was also matched via death certificates. These
data did not indicate a predominant cause of death that could be
linked to OSA. However, cause of death data on death certificates can be prone to misclassification.19

ity in people with mild or no sleep apnea, respectively. This
association remained significant after adjustment for age, gender, mean arterial pressure, total cholesterol, high density lipoprotein cholesterol, body mass, diabetes, angina, and smoking
status. The observed adjusted hazard ratio was large (6.24, 95%
CL 2.01, 19.39) and was roughly equivalent here in size to that
of an increase of 17.5 years of age or 29 mm Hg in mean arterial
pressure. This is the first report of an independent association
between all-cause mortality and obstructive sleep apnea (OSA)
in a population-based cohort and confirms observations from
clinic-based studies where the potential effects of clinical referral bias could not be ruled out.8-14
In the two most cited of these recent clinical cohorts,11,12
OSA was a significant independent risk factor for CVD-related
mortality12 and a composite endpoint of all-cause mortality and
incident stroke.11 The analyses from the Busselton Health Study
confirm and extend these previous findings. Firstly, the hypothesized effect of OSA now extends to all-cause mortality. This
may be explained in part by longer mean follow-up (13.4 years)
compared to the previous studies,11,12 allowing manifestation of
effects that accumulate slowly over time. The Busselton study
included both men and women, unlike one of the previous cohorts.12 Most importantly, this study is community-based and
thus free of the potential effects of clinical referral bias where
patients have been selected for their high likelihood for having
sleep apnea and/or are selected because they have evidence of
conditions known or suspected to be associated with or caused
by sleep apnea. In particular, the potential confounding effects
of sleep apnea treatment are less likely to be an issue in this
non-clinic population. Indeed the strength of the mortality association with moderate-to-severe OSA (HR = 6.24) is markedly
stronger here (although with wider confidence limits) than in
the 2 clinical cohorts where mortality rates approximately 2-3
times as high were observed in those with severe OSA. This
could indicate that any clinical referral bias in those cohorts

DISCUSSION
Moderate-to-severe sleep apnea was associated with 33%
mortality over 14 years compared to 6.5% and 7.7% mortalSLEEP, Vol. 31, No. 8, 2008
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Table 2—Univariate Risk Factors for Mortality
Baseline Risk Factor
Unit of Measure
Sleep apnea
Per 10 units of Respiratory Disturbance Index
Sleep apnea categories
<5 events/hr
5 to <15 events/hr
≥ 15 events/hr
Gender
Female
Male
Diabetes
No
Yes
Angina
No
Yes
Age
Per decade
Mean arterial pressure
Per 10 mm Hg
High density lipoprotein cholesterol
mmol/L
Total cholesterol
mmol/L
Triglycerides
mmol/L
Smoking
Per 10 pack years
Smoker categories
Never
Past
Current
Fasting glucose
mmol/L
Body mass index
Per BMI unit
Body mass categories
Normal <25
Overweight 25-<30
Obese ≥30

Hazard Ratio (95% CL)
1.55 (1.17, 2.06)
1.00 (REF)
0.83 (0.31, 2.19)
4.96 (2.01, 12.23)
1.00 (REF)
1.68 (0.69, 4.07)
1.00 (REF)
4.01 (1.22, 13.14)
1.00 (REF)
1.91 (0.67, 5.44)
3.58 (1.97, 6.52)
1.67 (1.29, 2.16)
0.33 (0.10, 1.05)
0.92 (0.66, 1.28)
1.07 (0.82, 1.41)
1.16 (1.02, 1.32)
1.00 (REF)
1.31 (0.56, 3.08)
3.81 (1.65, 8.82)
1.05 (0.76, 1.45)
1.01 (0.94, 1.09)
1.00 (REF)
0.91 (0.42, 2.00)
1.10 (0.43, 2.80)

P value
< 0.01
0.70
< 0.001
0.25
0.02
0.25
< 0.001
< 0.001
0.06
0.62
0.62
0.02
0.54
< 0.01
0.76
0.74
0.81
0.84

Figures are derived from univariate Cox models. REF = reference category; BMI = body mass index; CL = confidence limits

Table 3—Independent Association of Sleep Apnea with Mortality after Adjustment for Other Mortality Risk Factors
Sleep Apnea Severity

Unadjusted Hazard Ratio
(95% CL)
Moderate-to-severe sleep apnea
4.96 (2.01, 12.23)*
Mild sleep apnea
0.83 (0.31, 2.19)
No sleep apnea
1.00 (REF)

Partially Adjusted Hazard Ratio Fully Adjusted Hazard Ratio
(95% CL)†
(95% CL)‡
4.40 (1.48, 13.07)**
6.24 (2.01, 19.39)***
0.62 (0.23, 1.69)
0.47 (0.17, 1.29)
1.00 (REF)
1.00 (REF)

†Adjusted for age, gender, body mass index (normal, overweight, obese), smoking status (never, ex, current), total cholesterol, high density
lipoprotein cholesterol, diabetes (yes/no), doctor diagnosed angina. ‡Adjusted for all of the above plus mean arterial pressure. *P < 0.001,
**P = 0.008, ***P = 0.002. REF = reference category. CL = confidence limits

might be acting to cause underestimation of the true difference
in mortality between individuals with and without OSA. Despite these differences in design and in the size of the observed
effect, these 3 cohort studies from 3 different countries have all
found that severe sleep apnea in middle-aged people is a risk
factor for mortality after controlling for a wide range of potential confounders.
Mild OSA might have greater public health significance than
moderate-severe OSA because it is far more common.6 Previous
cohorts have usually reported that morbidity/mortality increases in a roughly linear fashion with the severity of OSA.12,23,24
However, in the present study, mild OSA was not associated
with significantly greater mortality than no OSA (hazard ratio =
0.47, 95% CL 0.17, 1.29). Determination of whether mild OSA
is on balance harmful, helpful, or of no significance requires
further investigation in larger cohorts. However, the upper limit
of our confidence interval does not support the hypothesis of a
strong association of mild OSA with mortality.
SLEEP, Vol. 31, No. 8, 2008

Sleep apnea was measured using the MESAM IV device
rather than polysomnography. This device had very close agreement with standard PSG (ICC = 0.98) in the original prevalence
study as well as being validated by other research groups.4,20,21
Moreover, the prevalence estimate using this method in Busselton was in very close agreement (26% versus 24%) with the
PSG measured prevalence estimate from the widely accepted
prevalence estimate from the Wisconsin Sleep Cohort.5 Finally,
the ability of the MESAM IV device to predict mortality, demonstrated in this study, provides strong evidence that this is a
valid OSA measurement technique in community-based epidemiological investigations.
We did not have information about, nor did we attempt to
control for, any effects of sleep apnea treatment on mortality.
Treatment effects are unlikely to explain either the strength or
significance of the observed association as any beneficial sleep
apnea treatment should have reduced the differences in mortality between the sleep apnea and no sleep apnea groups. There
1083
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might actually be attributable to sleep apnea, and sleep apnea
might therefore become recognized as an important additional
mortality risk factor. Our finding that moderate-severe OSA
is an independent risk factor for all-cause mortality also highlights the need for high-quality randomized controlled trials of
treatment/s for sleep apnea that are powered to detect primary
disease prevention or reduced mortality risk.
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Figure 1—Green line indicates the survival distribution for participants with moderate-severe sleep apnea (RDI ≥15), the Red
line those with mild sleep apnea (RDI 5-14) and the Black line
those with no sleep apnea (RDI <5). Circles indicate censored observations. The visually apparent difference between the Green
line and the Black line is statistically significant (P < 0.001, see
also Table 2 and Table 3 for multivariate confirmation).

is empirical support for this assumption as treatment of severe
sleep apnea has been shown to be associated with a reduced
risk of CVD mortality compared to non-treatment in a number
of studies (for review see2,12). Moreover, access to diagnostic
and treatment services for sleep apnea in Australia, while better
than most countries, still only exposes around 2% of the population to diagnosis and treatment, and has been less prevalent
in Western Australia.27 Furthermore, access to treatment in rural towns, such as Busselton, is likely to be substantially lower
than nationwide estimates.
It is possible that these findings might have been sensitive to
the misclassification of mortality in the group with moderate-tosevere OSA, as this group had 6 deaths from 18 cases. However,
death certificate data in Australia rarely misclassifies alive people
as having died.19 Non-recording of deaths that had occurred in the
non-OSA group would have had little effect on the hazard estimate, and more deaths in the moderate-severe OSA group would
have further strengthened the reported association. Nor are these
findings due to the effects of extremely severe sleep apnea cases
inflating the hazard associated with moderate-severe OSA. Excluding severe cases of OSA (RDI ≥ 30) or excluding the 2%
of the most severe cases (RDI ≥ 23, i.e., 8 out of 18 cases) did
not change the significance of the independent association in the
fully adjusted model. Although these data indicate both a large
and statistically significant effect, replication, particularly of the
magnitude of the effect, by other population-based sleep apnea
cohorts5,28 will be important as it is in all observational studies.
The small number of exposed cases in this study (n = 18) may be
regarded as a weakness, but this figure reflects the prevalence of
moderate-severe OSA in the community.
Assuming that moderate-to-severe OSA is independently
confirmed as a risk factor for all-cause mortality it might therefore be added to the list of standard mortality risk factors. Obesity, hypertension, and male gender are associated with both
higher mortality risk and sleep apnea.29 Thus it is possible that
some of the risk traditionally associated with these 3 factors
SLEEP, Vol. 31, No. 8, 2008
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Supplemental Table 1—Independent Risk Factors for Mortality after Adjustment for Sleep Apnea
Risk Factor
Partially Adjusted
Partially
Fully Adjusted
		
Hazard Ratio
adjusted
Hazard Ratio
		
(95% CL)†
P value
(95% CL)‡
Gender (Male vs Female)
1.16 (0.43, 3.09)
0.77
0.92 (0.33, 2.56)
Age (per decade)
3.23 (1.79, 5.84)
< 0.001
2.85 (1.60, 5.09)
Mean arterial pressure (per 10 mm Hg)
N/A
N/A
1.87 (1.36, 2.57)
High density lipoprotein cholesterol (per mmol/L)
0.31 (0.08, 1.18)
0.09
0.22 (0.06, 0.87)
Total cholesterol (per mmol/L)
0.88 (0.62, 1.25)
0.48
0.80 (0.55, 1.16)
Diabetes
2.54 (0.67, 9.68)
0.17
1.03 (0.22, 4.88)
Angina
1.32 (0.45, 3.91)
0.62
1.65 (0.57, 4.82)
Smoking categories:				
Never
1.00 (REF)			
Past
0.88 (0.35, 2.20)
0.78
0.79 (0.31, 2.03)
Current
3.48 (1.38, 8.75)
0.008
4.17 (1.62, 10.77)
Body mass categories:				
Normal <25
1.00 (REF)			
Overweight 25 to <30
0.84 (0.36, 1.97)
0.69
0.74 (0.33, 1.70)
Obese ≥30
0.71 (0.23, 2.22)
0.55
0.33 (0.10, 1.11)

Fully
Adjusted
P value
0.87
< 0.001
0.001
0.03
0.25
0.97
0.36
0.79
0.003
0.48
0.07

†Adjusted for sleep apnea and all other variables in the table except blood pressure.
‡Adjusted for sleep apnea and all other variables in the table. N/A Not Applicable. CL = confidence limits
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